DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND | MAGE- CAPT ING
APPARATUS 5 Techni cal Field The present invention relates‘B@LZEﬁbg OO\D
processi ng apparatuses and net hods, and inage-capturing appar es,

nore particularly, to an inmage processing apparatus and nethod, and an

i mage-capturing apparatus in which a 10 difference between a signal

detected by a sensor and the real world is taken |ntﬂmmmmmmmmmmmwon
Background Art A technique for detecting incidents occ 15

real world by a sensor and for processjng sanpled data ouipit- fromthe

i mage sensor is widely used. For exanpfe, notion blur occurs in an inage

obt ai ned by capturing an object noving in front of a pr ]
stationary background with a video canera if the novingl@@mmﬁﬁmbmmﬁ“
rel atively high. However, when anDBE®¢RLPTIGNNnDvVing in fr

stationary background, not only does notion blur caused by *¢®¥8*m xture of
t he nnviﬁéAﬁﬁjBE@CEﬁﬁéNﬁ BEERRATHE! AHPSMETHED , nANDULEAGE-ChBTBRTKGr ound

i mge and_t he object inmage occurs. 25. Hitherto, the processing of the

m xt ure BFBERAD¥St he background i mage and the noving object has not been
consi dered. Disclosure of Invention

and

5 Technical Field

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

10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

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

20 speed is relatively high.

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

25 . Hitherto, the processing of the mixture state of the



5 The present invention has been. nade in view of the above-described
background. Accordingly, it is an object of the present invention to
enabl e the separation of a background i mage and an object inage according
to the mxture state. 10 An inage processing apparatus of the present
invention includes: area specifying nmeans for specifying, in a first
period of time corresponding to one screen, an uncovered background area
in which foreground object conponents formng a foreground object of a
designated franme of inmage 15 data and Baekground object conponents form ng
a background object of the designated frame are m xed, the uncovered
background area being forned at a trailing end in a direction in which the
foregrouggcggkgghdlgmggglggd the ﬁﬁ%gnﬁsgﬁgbk¥'ﬂ%s”%%@$bg [, specifying, in
a second period of ti 20 corresponding to one screen subsequent to the
first pecbadidakelime, a foreground area consisting of only the foreground
obj ect conponents and a background area consisting of only the background
obj ect components, and the area specifying means for specifying, in a
third period of time 25 corresponding to one screen subsequent to the
second pbisedoelirti BE, 1aveavepad background area in which the foreground
obj ect conponents and t he background obj ect conponents are m xed, the
cover®ed backgFinenplras eat bihven £ D6 1Elda &t béeh eadid8gin eRdew o ghéection in
whi ch the foreground object is noving; 5 mxture-ratio detection nmeans for
det ect i ngbaveardeareibatli backgdboatli. ngAacpatiiagafy,t he fier agr ebhdcebpect
conponents and

the present invention to enable the separation of a
background image and én object image according to the
mixture state.

10 An image processing apparatus of the present invention
includes: area specifying means for specifying, in a first
period of time corresponding to one screen, an uncovered
background area in which foreground object components
forming a foreground object of a designated frame of image

15 data and background object components forming a background
object of the designated frame are mixed, the uncovered
background area being formed at a trailing end in a
direction in which the foreground object is moving, the area
specifying means for specifying, in a second period of time

20 corresponding to one screen subsequent to the first peridd
of time, a foreground area consisting of only the foreground
object components and a background area consisting of only
the background object components, and the area specifying
means for specifying, in a third period of time

25 corresponding to one screen subsequent to the second period



t he background obj ect conponents in the uncovered background area and in

t he covered background area; and foreground/ background separation neans
for separating the 10 pixel data of the pixels belonging to the uncovered -
background area and to the covered background area into the foreground

obj ect conmponents and the background object conponents based on the

m xture ratio, and for generating a foreground conponent imnmage consisting
of only the foreground 15 object conponents and a background conponent

i mge consisting of only the backgreuBd-conponent image in the designated
frame. The area specifying nmeans may tenporarily store three franes, which
are consecutively input, and the area 20 specifying nmeans may specify, in

the fi :bad of (Li ' i.ch. inati . |t f
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and the deabanatRe EbIERehSHELRLGIARYardd bBEnYNEBYREIaRACkILONI AN e
corresponding to the designated frane, and the area specifying means may

speci fy, ehtd theasecesdtpehi @ fhithMeheafo2b8aouRaWBbshca i1dehstihgation
result for the frane, which is one franme 5 before the designated franme, and

the desighatedefratioi det8oYiog, maafsardet gefeBathgnar Asukhrborathe
designated frame and a frame, which is one frame after the designated
frame, isdihoathgg asréheof ofegheufdrageaundr 6pspendeBgpbAchhe and
the background object components in the uncovered background
area and in the covered background area; and
foreground/background separation means for separating the
10 pixel data of the pixels belonging to the uncovered
background area and to the covered background area into the
foreground object components and the background object
components based on the mixture ratio, and for generating a
foreground component image consisting of only the foreground
15 object components and a background component image
consisting of only the background component image in the
designated frame.
The area specifying means may temporarily store three
frames, which are consecutively input, and the area
20 specifying means may specify, in the first period of time,
an area in which a determination result for a frame, which
is two frames before the designated frame and a frame, which
is one frame before the designated frame, is moving, and a

determination result for the frame, which is one frame

25 Dbefore the designated frame, and the designated frame is



designated franme, and may specify, in the second period of 10 time, an area
in which a determination result for the frame, which is one frane before
the designated frame, and the designated frame is stationary, and a
determ nation result for the designated frame and the frane, which is one
frame after the designated franme, is stationary, as the background 15 area
corresponding to the designated frane, and the area specifying neans nmay
specify, in the third period of tine, an area in which a determ nation
result for the designated pixel and-tBe-frame, which is one frane after
the designated franme, is noving, and a determnation result for the frane,
20 which is one frane after the designated frane, and a frame, which is

two fr amg% aetfito%%ryle adeshgnated fhane,, gicﬁcgrsot %téj.d Oafq:?e%é:_oar%ﬁtsi%%gg@ver ed

background area correspondi ng to the desifgna O ocessi ng
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specifying, in a first period of tinme corréspondin
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foreground object of a designate rame of 1 nage ata and round

obj ect carperihs thionhmragud thaekgraend ramebi ¢ol of ifsh%n%e%irgf}@t ed frame are
m xed, the uncovered background area being fornmed at a trailing end in a

di recii obeiforehictle tkeitaaegaodrdmel)] agtl itheMaesignalle Frame $ReCi fying
step of specifying, in a second period of time corresponding to one screen
subsequenbvtiogt hentli astieperinddat@oal resmet Fokoreer avrd gakadCceramat i ng of
only the foreground
and a frame, which is one frame after the designated frame,
is moving, as the foreground area corresponding to the
designated frame, and may specify, in the second period of
10 time, an area in which a determination result for the frame,
which is one frame before the designated framé, and the
designated frame is stationary, and a determination result
for the designated frame and the frame, which is one frame
after the designated frame, is stationary, as the background
15 area corresponding to the designated frame, and the area
specifying means may specify, in the third period of'time,
an area in which a determination result for the designated
pixel and the frame, which is one frame after the designated
frame, is moving, and a determination result for the frame,
20 which is one frame after the designated frame, and a frame,
which is two frames after the designated frame, is
stationary, as the covered background area corresponding to
the designated frame.

An image processing method of the present invention

25 includes: an area specifying step of specifying, in a first



obj ect conmponents and a background area consisting of only the background
obj ect conponents, and the area specifying step of specifying, in a third
period of tinme corresponding to one screen subsequent to the second period
of time, a 15 covered background area in which the foreground object
components and the background object conponents are m xed, the covered
background area being forned at a leading end in a direction in which the
foreground object is noving; a mxture-ratio detection step of detecting a
m xture ratio 20 indicating a ratio of 5the foreground object conmponents and
t he background obj ect conponents in the uncovered background area and in
the covered background area; and a foreground/ background separation step

of separ %ﬂ%& he JRixel oq%teas AU r}%a Jegnse bel ongi n% E)qﬁ?gefegtpc vered 25

backgrou area and 10 the covered Bac groun Urea’ round
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mxture ratio so as to generate a oregr oun I mage consi st ng of

only the ffo%ﬂglrgowto&*az%%op%wto% AN i 0;8010’1% d mage 5
consi sting of only the "background conponent i rage |n the S|gn %ed frane.
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may be tenporarily stored, and in the first period of tine, "an area in
whi chSa déetject odt itte Hesigtdlted Frame e miWdECh the W feaites before the

designated frane and a franme, which is one frane before the designated
frame, | bYavkgrogndantea detiegrifvatied atesultrafidliing end in a

direction in which the foreground object is moving, the area
specifying step of specifying, in a second period of time
corresponding to one screen subsequent to the first period

10 of time, a foreground area consisting of only the foreground
object components and a background area consisting of only
the background object components, and the area specifying
step of specifying, in a third period of time corresponding
to one screen subsequent to the second period of time, a

15 covered background area in which the foreground object
components and the background object components are mixed,
the covered background area being formed at a leading end in
a direction in which the foreground object is moving; a
mixture-ratio detection step of detecting a mixture ratio

20 indicating a ratio of the foreground object components and
the background object components in the uncovered background
area and in the covered background area; and a
foreground/background separation step of separating the
pixel data of the pixels belonging to the uncovered

25 Dbackground area and to the covered background area into the



the frame, which is one franme before the designated frane, and the
designated frane is stationary, may be specified as 15 the uncovered
background area corresponding to the designated frane, and in the second
period of time, an area in which a determnation result for the frane,
which is one franme before the designated frame, and the designated frane
is noving, and a determination result for the designated 20 frame and a
frame, which is one frane after the designated frame, is noving, my be
specified as the foreground area corresponding to the designated frane,
and in the second period of tinme, an area in which a determ nation result
for the frame, which is one frane before the designated frame, 25 and the
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desi gnated frane, an rame, which’is two anes a t he desi gnated
frames isoakakt@ngr ¥¢ BRYyPendOpapRerbuBE B8mbBacReYVehadebagkgpaund area

corresponding to the designated frame. A programof a recording medium of
t he presdsbighavedt feAamencl udes: an area specifying step of specifying,
In the area specifying step, three frames, which are

consecutively input, may be temporarily stored, and in the
first period of time, an area in which a determination

10 result for a frame, which is two frames before the
designated frame and a frame, which is one frame before the
designated frame, is moving, and a determination result for
the frame, which is one frame before the designated frame,
and the designated frame is stationary, may be specified as

15 the uncovered background area corresponding to the
designated frame, and in the second period of time, an area
in which a determination result for the frame, which is one
frame before the designated frame, and the designated frame
is moving, and a determination result for the designated

20 frame and a frame, which is one frame after the designated
frame, is moving, may be specified as the foreground area
corresponding fo the designated frame, and in the second
period of time, an area in which a determination result for
the frame, which is one frame before the designated frame,

25 and the designated frame is stationary, and a determination



inafirst period of tine corresponding to one screen, an 15 uncovered
background area in which foreground object conponents form ng a foreground
obj ect of a designated frame of inage data and background object
conponents formng a background object of the designated frame are m xed,
the wuncovered background area being formed at a trailing end in 20 a
direction in which the foreground object is noving, the area specifying
step of specifying, in a second period.of time corresponding to one screen
subsequent to the first period of tinmg, —a foreground area consisting of
only the foreground object conponents and a background area 25 consisting
of only the background object conponents, and the area specifying step of

speci fyi i hi L f ot cqorrespondi ng to one._screen
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conponents are m xed, the co backgrdund area bei
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m xture-ratio detection step etectin turé ratioindicating a

ratio of qbBegnheeagreund ORhect nCRRRORGALE a4 :ibie Jragkground g‘%ig%‘?t 10

conponents in the uncovered background area and in the cdvere ackgr ound
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data of the pixels belonging to the uncovered background area and to the

covered bhek§ramad aneahi Akoohbe rkamegaguad ebkedksifnaeEROReAhs and the
background obj ect conponents based on the
moving, and a determination result for the frame, which is
one frame after the designated.frame, and a frame, which is
two frames after the designated frame, is stationary, may be
10 specified as the covered background area corresponding to
the designated frame.

A program of a recording medium of the present
invention includes: an area specifying step of specifying,
in a first period of time corresponding to one screen, an

15 uncovered background area in which foreground object
components forming a foreground object of a designated frame
of image data and background object components forming a
background object of the designated frame are mixed, the
uncovered background area being formed at a trailing end in

20 a direction in which the foreground object is moving, the.
area specifying step of specifying, in a second period of
time corresponding to one screen subsequent to the first
period of time, a foreground area consisting of only the
foreground object components and a background area

25 consisting of only the background object components, and the



m xture ratio so as to generate a foreground conponent inmage consisting of
only the foreground object conponents and a background conponent i nage
consisting of only the background conponent image in the designated frane.
20 In the area specifying step, three frames, which are consecutively
input, may be tenporarily stored, and in the first period of tinme, an area
in which a determnation result for a franme, which is two franes before
the designated frane and a frame, which is one franme before the 25
designated frane, is noving, and a determination result for 9 the frane,
which is one franme before the designated frane, and the designated frane
is stationary, may be specified as the uncovered background area '
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franme, which is one 15 franme after the designated franme, 1s sfationary,

may be speemttedtaa tbedbagkenaund araareerhieapendivAgchothhe
foreground object is moving; a mixture-ratio detection step
of detecting a mixture ratio indicating a ratio of the
foreground object components and the background object

10 components in the uncovered background area and in the
covered background area; and a foreground/background
separation step of separating the pixel data of the pixels
belonging to the uncovered background area and to the
covered background area into the foreground object

15 components and the background object components based on the
mixture ratio so as to generate a foreground component image
consisting of only the foreground object components and a
background component image consisting of only the background
component image in the designated frame.

20 In the area specifying step, three frames, which are
consecutively input, may be temporarily stored, and in the
first period of time, an area in which a determination
result for a frame, which is two frames before the

designated frame and a frame, which is one frame before the

25 designated frame, is moving, and a determination result for



designated frane, and in the third period of tine, an area in which a
determ nation result for the designated pixel and the franme, which is one
frame after the designated frane, is 20 noving, and a determ nation result"
for the frame, which is one frane after the designated franme, and a frane,
which is tw franmes after the designated frame, is stationary, may be
specified as the covered background area corresponding to the designated
frame. 25 A program of the present invention allows a conmputer to - 10
execute: an area specifying step of specifying, in a first period of tine
correspondi ng to one screen, an uncovered background area in which
foreground object conponents formng a foreground object of a designated
frame oft efSaﬁ%pge data .and ba&éground obj ect conponents formng a

backgr ound obj €& ’_Vhﬁﬁ d&siP§Ta Wﬁ%§ﬁ§° e T EF S 4G teeh Esverced
or ogr ot oirs BsIUnalel ¢oBine® i1 A Anatvr sl 55 GPShehAtg. in o

f or egr ound obj ect i°8 novi ng, i%Fg, in a
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first perio reground area con f or egr ound
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period of time, a covered background area in which t oreground “obj ect
conponentgagedbeife rbackar ae8d galit@et frame, and the designated frame
is moving, and a determination result for the designated
frame and a frame, which is one frame after the designatea
frame, is moving, may be specified as the foreground area
10 corresponding to the designated frame, and in the second
period of time, an area in which a determination result for
the frame, which is one frame before the designated frame,
-and the designated frame is stationary, and a determination
result for the designated frame and the fréme, which is one
15 frame after the designated frame, is stationary, may be
specified as the background area corresponding to the
designated frame, and in the third period of time, an area
in which a determination result for the designated pixel and
the frame, which is one frame after the designated frame, is
20 moving, and a determination result for the frame, which is
one frame after the designated frame, and a frame, which is
two frames after the designated frame, is stationary, may be
specified as the covered background area corresponding to

the designated frame.

25 A program of the present invention allows a computer to



conponents are m xed, the covered background area being fornmed at a

|l eading end in a direction in which the 20 foreground object is noving;, a
m xture-ratio detection step of detecting a mxture ratio indicating a
ratio of the foreground object conponents and the background obj ect
conponents in the uncovered background area and in the covered background
area; and a foreground/ background 25 separation step of separating the

pi xel data of the pixels belonging to the uncovered background area and to
the covered background area into the fereground object conponents and the
background obj ect conponents based on the mxture ratio so as to generate
a foreground conponent image 5 consisting of only the foreground object

conmponent a .ha round ¢ Qnent._ image consi sting of only the
backgr oun eacgu%r?ﬁor?tehnt%&%r?a%@%cnl HEH&HTha efpfercalré’.ml t1fe darfdd sdpeci f yi ng
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stored, and in the 10 first i ne, an ar €a
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designated frane and a franme, which i s one e EHesignated
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frame before the designated frame, 15 and the designated frame iI's

st at i Dnanyagenyiahe specbhickgrannd ke ;jWRaowed Ratkard 7 e .
corresponding to the designated frane, and in the second period of tine,

an area barekefriotnda oigleetmoFathen detS\ynta the@r gl 3@ miWdLch the one franme
before the designated frane, and the designated frane

uncovered background area being formed at a trailing end in
a direction in which the foreground object is moving, thé
area specifying step of specifying, in a second period of

10 time corresponding to one screen subsequent to the first
period of time, a foreground area consisting of only the
foreground object components and a background area
consisting of only the background object components, and the
area specifying step of specifying, in a third period of

15 time corresponding to one screen subsequent to the secdnd
period of time, a covered background area in which the
foreground object components and the background object
components are mixed, the covered background area being
formed at a leading end in a direction in which the

20 foreground object is moving; a mixture-ratio detection step
of detecting a mixture ratio indicating a ratio of the
foreground object components and the background object
components in the uncovered background area and in the
covered background area; and a foreground/background

25 separation step of separating the pixel data of the pixels



20 is noving, and a determ nation result for the designated frane and a
frame, which is one frane after the designated frane, is noving, my be
specified as the foreground area corresponding to the designated frane,
and in the second period of tinme, an area in which a determ nation result
for 25 the frame, which is one franme before the designated frame, - 12 and
the designated frame is stationary, and a determnation result for the
designated frane and the frame, which is one .frane after the designated
frane, is stationary, may be specifi<ed ns-the background area correspondi ng
to the 5 designated frane, and in the third period of tine, an area in
which a determnation result for the designated pixel and the frame, which

is one f f.ter . th deS| nated frame, 1s nDV|ng nd a determ nation
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result f &d frame, and a
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may be speci as “t he ‘covered ackgroun €a C dlng to the

dest 0nat edribbAUle <AL HTRAE. £ALILHONBRICALUS QLG T B380L LveRL on
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inafirst period of tine corresponding to one screen, an 20 uncovered
backgr oubdcageaunt wbinpbntategmayadceblseeting of only the background
component image in the designated frame.
In the area specifying step, three frames, which are

consecutively input, may be temporarily stored, and in the

10 first period of time, an area in which a determination
result for a frame, which is two frames béfore the
designated frame and a frame, which is one frame before the
designated frame, is moving, and a determination result for
the frame, which is one frame before the designated frame,

15 and the designated frame is stationary, may be specified as
the uncovered background area corresponding to the
designated frame, and in the second period of time, an area
in which a determination result for the frame, which is one
frame before the designated frame, and the designated frame

20 is moving, and a determination result for the designated
frame and a frame, which is one frame after the designated
frame, is moving, may be specified as the foreground area
corresponding to the designated frame, and in the second
period of time, an area in which a determination result for

25 the frame, which is one frame before the designated frame,



conponents form ng a foreground object of a designated frane of the inmage
data and background object conponents form ng a background object of the
designated frane are m xed, the uncovered background area being forned at a
trailing end in 25 a direction in which the foreground object is noving,
the - 13 area specifying neans for specifying, in a second period of tine
correspondi ng to one screen subsequent to the first period of tine, a
foreground area consisting of only the foreground object conmponents and a
background area 5 consisting of only-the background object conponents, and
the area specifying neans for specifying, in a third period of tine
correspondi ng to one screen subsequent to the second period of tine, a
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background obj ect 15 conponents in the urcove ?épga and in the
covered Baekgrauadaar ede %'a@kb%%!aolalf}%/ab%%'ﬂre%’&%di%%pac%atth%” means for
grng

separating the pixel data of the pixels Dbelonging to™he uncovered
backgs ougd sagna taad ri-amehe aneovar e bagkgruopad 1aed f Rgt hg f greqround

obj ect 20 conponents and the back ground object conponents based on the
mxture datwaicand Beregrighatibng rasofedoeURHCARRABRRLed pixel and
the frame, which is one frame after the designated frame, is
moving, and a determination result for the frame, which is
one frame after the designated frame, and a frame, which is

10 two frames after the designated frame, is stationary, may be
specified as the covered background area corresponding to
the designated frame.

An image-capturing apparatus of the present invention
includes: image-capturing means for performing image-

15 processing on image data which is formed of a predetermined
number of pixel data obtained by an image—~capturing device
including a predetermined number of pixels and having a time
integrating function; area specifying means for specifying,
in a first period of time corresponding to one screen, an

20 uncovered background area in which foréground object
components forming a foreground object of a designated frame
of the image data and background object components forming a
background object of the designated frame are mixed, the
uncovered background area being formed at a trailing end in

25 a direction in which the foreground object is moving, the



i mge consisting of only the foreground object conponents and a background
conponent inmage consisting of only the background conponent image in the
designated frane. 25 The area specifying neans nay tenporarily store three
- 14 frames, which are consecutively input, and the area specifying neans
may specify, in the first period of tinme, an area in which a determ nation
result for a frame, which is tw franmes before the designated frane and a
frame, which 5 is one frame before the designated frame, is noving, and a
determnation result for the frame, wiliXh is one frane before the
designated frane, and the designated franme is stationary, as the uncovered
background area corresponding to the designated frane, and the area

ani oh 3 CacPoPheratyand, BUARE' Yor PRECEARIAYARCH' BEchhe PR 6Bl ore 1

whi ch a natifon°resu ich i'son fore the

desi gnat gdnbr 882+ <3pAnkleq0es! ORA! SrLeAMBubS gAY, 30 gidgtermination

‘result for the designated frane an ich is one franme after the

desi gnat gdrfibamBe L5mkS HDYEBQgréﬁnEhQrEQr%ghgﬁg@iﬁb?6508%ﬁ9sﬂﬁgding to the
designated frane, and may specify, in the second period o tinme, an area

i n whi chfardgteuntnablentr esipbnkatst Badf kapBckg¥BLER hgeane frame before
the designated frame, and the designated frane is stationary, and a

det erfni nabhehskteayl b£26nior thhebderygsahadobrase abgpbhenteanBnawiheh is
one frame after the designated franme, is stationary, as the background
area coreesponagenfgfybdntyheedesi goat egetidgengandnt hetaied period of
time corresponding to one screen subsequent to the second
period of time, a covered background area in which the
foreground object components and the background object
10 components are mixed, the covered background area being
formed at a leading end in a direction in which the
foreground object is moving; mixture-ratio detection means
for detecting a mixture ratio indicating a ratio of the
foreground object components and the background object
15 components in the uncovered background area and in the
covered background area; and foreground/background
separation means for separating the pixel data of the pixels
belonging to the uncovered background area and to the
covered background area into the foreground object
20 components and the background object components based on the
mixture ratio, and for generating a foreground component
image consisting of only the foreground object components
and a background component image consisting of only the
background component image in the designated frame.

25 The area specifying means may temporarily store three



speci fying means may specify, in the third period of time, an area in
which a determ nation result for the designated 25 pixel and the frane,
which is one frame after the designated - 15 franme, is noving, and a
determnation result for the franme, which is one frane after the
designated frane, and a frane, which is two franes after the designated
frame, is stationary, as the covered background area corresponding to 5
the designated frame. In a first period of tine corresponding to one
screen, an uncovered background area I4 whi ch foreground object

conponents form ng a foreground object of a designated frane of the inmage
data and background obj ect conponents forning a 10 background object of the

desi gnat ¢daflean® R4 8pMLYR chs BRRILEL G0 oG UAGAY QAT hagkground ar ea

being forne at a “trailing engin a rec irod inwhich the foreground

obj ect 3oty hBaRsSRaONdpRRigd. qfn _ ehiE® £405 rtegyla%g%'dn% £t @iQe  screen

subsequen he“first per or egroun ar ea conS|st|ng of

only theahohegroyRd,abi-6Ch @%%Egﬁgﬂﬁ%léﬂdre%u@%c%%&o%nQr%&% a,£qR$l sting of
only the background object conponents are specified. I'n a third period of

time coikespendirafekObRRS rachaandadlgaquent riamenanseaondperi qilicpf time,
a covered background area in which the foreground 20 object conponents and

the backgsound @kpaet beddrenenks dakegnaivead firamepedisi me&inkheagaver ed
background area being forned at a leading end in a direction in which the
f or egr oudeteahjiieatios mewudg. fArntkeufeamat,i @hieti dat ohg &raaki o of the
before the designated frame, and the designated frame is
stationary, as the uncovered background area corresponding
to the designated frame, and the area specifying means may
10 specify, in the second period of time, an area in which a
determination result for the frame, which is one frame
before the designated frame, and the designated frame is
moving, and a determination result for the designated frame
and a frame, which is one frame after the designated frame,
15 is moving, as the foreground area corresponding to the
designated frame, and may specify, in the second period of
time, an area in which a determination result for the frame,
which is one frame before the designated frame, and the
designated frame is stationary, and a determination result
20 for the designated frame and the frame, which is one frame
after the designated frame, is stationary, as the background
area corresponding to the designated frame, and the area
specifying means may specify, in the third period of time,
an area in which a determination result for the designated

25 pixel and the frame, which is one frame after the designated



foreground object conponents and the background object 25 conponents in the
uncover ed background area and in the - 16 covered background area is
detected. The pixel data of the pixels belonging to the uncovered
background area and to the covered background area into the foreground

obj ect components and the background object conponents are 5 separated
based on the mxture ratio so as to generate a foreground conponent i nage
consisting of only the foreground object conponents and a background
conponent inmage consisting of only 1hg hackground conponent inage in the
designated frame. 10 Wth this arrangenent, the background i mage and the
obj ect inmage can be separated. Brief Description of the Drawings Fig. 1 is
a diagramillustrating an enbodi nent of an 15 inage processing apparatus
accor di ng'rtaB‘et'héspF“@é’éﬁtgr PRdedt Agterpiigations respildcifodi &geakrigleust rati ng
t he i mage .p%ocessing apparatus. Fig. 3 illustrates the inmge capturing

per f or med B a1 S2618efEgMe piffers the desigredechd rameangasent f6RMSI xel s.
Fig. 5illustrate rati of _a detection device. Fig. 6A

iIIustraWe%cénlfnéaéhgﬁgﬁgﬁeafggriﬁgﬁe-eééﬁFﬁFPﬁgf§ﬁmﬁbjéét cor r espondi ng
bochgrouEadeh8hagouad 2Rd 23,22:8%h58koT8UNERYY U 42:BoRMENGO' Y
5 the designated frame.

In a first period of time corresponding to one screen,
an uncovered background area in which foreground object
components forming a foreground object of a designated frame
of the image data and background object components forming a

10 background object of the designated frame are mixed is
specified, the uncovered background area being formed at a
trailing end in a direction in which the foreground object
is moving. In a second period of time corresponding to one
screen subsequent to the first period of time, a foreground

15 area consisting of only the foreground object components and
a background aréa consisting of only the background object
components are specified. In a third period of time
corresponding to one screen subsequent to the second period
of time, a covered background area in which the foreground

20 object components and the background object components are
mixed is specified, the covered background area being formed
at a leading end in a direction in which the foreground
object is moving. A mixture ratio indicating a ratio of the
foreground object components and the background object

25 components in the uncovered background area and in the



- 17 Fig. 6Billustrates a nodel of an inage obtained by inmage-capturing
an object corresponding to a noving foreground and an object correspondi ng

to a stationary background. 5 Fig. 7 illustrates a background area, a
foreground area, a mxed area, a covered background area, and an uncovered
background area. Fig. 8 illustrates a nodel obtained by expanding in the

time direction the pixel values of pixels aligned side-by- 10 side in an

i mge obtained by inmage-capturing an object corresponding to a stationary
foreground and an the object correspqmeling to a stationary background.
Fig. 9 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 15 to the shutter tine is divided.

Fig. 10 illust whi | d the ti
Gi Pect | of 4Rt °En gées.rzaan?o?fsspa' ARRGCEs o ne (ER PLER I FRES 0ol Urdcd. |

I S T e %'ba%gg%%u%r ﬁgggegé@aggeggg“ the

time dir Ion an er|0 COFFGSpOﬂ 1 'ng he™s

di vi ded. Bl eh2pbbhaLEALCS 20 SXRIPLAS BoWLSRREXBLICLR 2 forearound

area, a Sac round area, an m Xed area are rac Fig. 13

'||UStraE%&pEH@nEglQBEO@ﬁQiﬂﬁcQGEW@ﬁB Bbyeks co%%onents are

5 separated based on the mixture ratio so as to generate a
foreground component image consisting of only the foreground
object components and a background component image
consisting of only the background component image in the
designated frame.

10 With this arrangement, the background image and the

object image can be separated.

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

25 an object corresponding to a stationary background.



and a nodel obtained by expanding the pixel values in the tinme direction.

Fig. 14 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 5 to the shutter tinme is divided.
Fig. 15 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tine is divided.

Fig. 16 illustrates a nodel in which pixel values are 10 expanded in the
time direction and the period corresponding to the shutter tine is
divided. Fig. 17 illustrates a nodel-in7whi ch pi xel values are expanded in
the tine direction and the period corresponding to the shutter tine is
divided. 15 Fig. 18 illustrates a nodel in which pixel values are expanded

in the tinme ditectign.an ri_od _correspandi,n to.the shutter tinme is
di vi ded. Fig. LF:ELLg'i Egalﬁﬂg\ﬁﬁgﬁggi P ﬁé’t%Fét P%gaf‘hé 5c88<EAgeoPY adj usti ng
t he amounty J : Iy FJ i .Qck diagram.llustrating the
confi gur at ia?;?-g‘&tﬁﬁ}al?{?; agpé%Jféyc%ng&%rﬁet%p%%l%q:itgo. %fmﬁ“ﬁn@strat es an i mage

when an abizealcoeld SHRON! B et JALRUOUNE o5 Y oo Fl 22 111 ustrates

a nodel in which pixel values are 25 e e diecti on and
the peri @dckeorspeonding - 19 to the shutter time is divided.

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

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

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

Fig. 9 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. 10 illustrates a model in which pixel values are
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

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

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

25 - Fig. 13 illustrates the relationships between pixels



Fig. 23 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tinme is divided. 5
Fig. 24 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tine is divided.

Fig. 25 illustrates the conditions for determning the area. 10 Fig. 26
illustrates an exanple of the result obtained by specifying the area by the
area specifying unit 103. Fig. 27 illustrates an exanple of the result
obtained by specifying the area by the area specifying unit 103. Fig. 28
is a flowmhart illustrating the area specifying 15 processing. Fig. 29 is
a flowhart illustrating the area specifying processing. Fig. 30 is a

bl ock dia ran1|IIu iLn n, exanpl e .of e conf houra tiaon,aof

m xt ure- rgglo 88?€u|8§%?1%8§ bﬁoengﬁpdéfg Fus?rﬁ?esvs ugxa%ﬂ gggf t he

i deal m e Fig. 32 illustrates a nodel in which pixel values
are expg%géddﬁgg%%goﬁrne direction and the period corresponding to the

SIS ™ AR, Fhddbustiteron perl Ll el
correspopdpbRfdelioihhenghyt her g kBetisndib¥hdede period corresponding
5 to the shutter time is divided.

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

Fig. 16 illustrates a model in which pixel values are

10 expanded in the time direction and the period corresponding
to the shutter time 1is divided.

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.

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

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

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

Fig. 21 illustrates an image when an object
corresponding to a foreground is moving.

Fig. 22 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



Fig. 34 illustrates the approxi mation using the correlation of foreground
conponents. 5 Fig. 35 illustrates the relationship anong C, N, and P. Fig.
36 is a block diagramillustrating the configuration of an

estimated-m xture-ratio processor 401. Fig.37 illustrates an exanple of the
estimated mxture ratio. 10 Fig. 38 is a block diagramillustrating
another configuration of the mxture-ratio calculator 104. Fig. 39 is a

flowchart illustrating the processing for calculating the m xture ratio.
Fig. 40 is a flowhart illustrating +hegprocessing for 15 calculating the
estimated m xture ratio. Fig. 41 illustrates a straight line for
approximating the mxture ratio a. Fig. 42 illustrates a plane for

appr oxi toi ng,d @q}%trgexé Ucrj1%ser Ialtr%l gdigﬂjfeg@} Fig. 43 illustrates the

rel ati onshi ps of e pi xe ity of frames when the mixture ratio

ais CalCU|at§qP.tﬁggili§sk§aQe !80ﬁogkﬁg&%nhhkkﬂsé&%%hn%eﬁg%%?g?e45

configuration o e mxture-rati o estimafion processor

1] ust r aless, Ay RX APl Hft e AUJIBIRH MK UL S dPldres di%' 46 is

a flomchart 1llustrating the mxture-ratio esti'mating processi ng usi ng
a model ey ROIPYHHG L @ ide GQVEIiQA JRCKkground area.

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

Fig. 25 illustrates the conditions for determining the
area.
10 Fig. 26 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 27 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28 is a flowchart illustrating the area specifying
15 processing.
Fig. 29 is a flowchart illustrating the area specifying
processing.
Fig. 30 is a block diagram illustrating an example of
the configuration of a mixture-ratio calculator 104.
20 Fig. 31 illustrates an example of the ideal mixture
ratio Q.
Fig. 32 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
te the shutter time is divided.

25 Fig. 33 illustrates a model in which pixel values are



Fig. 47 is a block diagramillustrating an exanple of 5 the configuration
of a foreground/ background separator 105. Fig. 48A illustrates an input

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

Fig. 48B illustrates a nodel of an input inmage, a foreground conponent

i mge, and a background conmponent image. 10 Fig. 49 illustrates a nodel in
whi ch pixel values are expanded in the tine direction and the period
corresponding to the shutter tine is divided. Fig. 50 illustrates a nodel
in which pixel values are expanded +n2@he tine direction and the period
corresponding 15 to the shutter tine is divided. Fig. 51 illustrates a
nodel in which pixel values are expanded in the tine direction and the

period C%r:{p%zﬁéa@fii@lg thteo ttil;'n% %ﬂ"s{le;cecrlé%xl {Eﬁgﬁ é:g%lf \ﬂedr.%.%d @o%‘re%i)oin%i% | ock

di agram i i'ng an exanplé o i‘gurati on of separat i ng

portion QQl..fi %'h':_.x:ﬂ:‘.gz'%x‘él I-H“':élt nat es Ay Lxanpl e of a separated foreground

conponent | nage. I'TI"ustrates an exanple of a separated background

conponent i mageqy 284Fk g1 u4rhsed fthgwﬁeg%xiihla%%hahisrﬂag,t h@eprocessing for
- 22 separating a foreground and a background. Fig. 5571 s a block diagram

i 11 ustratdo¥drean @xaRIfe fRfredritRinedHonoridty, of a notion-blur adjusting
unit 106. Fig. 56 illustrates the unit of processing.
5 Fig. 35 illustrates the relationship among C, N, and P.
Fig. 36 1s a block diagram illustrating the
configuration of an estimated-mixture-ratio processor 401.
Fig. 37 illustrates an example of the estimated mixture
ratio.
10 Fig. 38 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.
Fig. 39 is a flowchart illustrating the processing for
calculating the mixture ratio.
Fig. 40 is a flowchart illustrating the processing for
15 calculating the estimated mixture ratio. |
Fig. 41 illustrates a straight line for approximating
the mixture ratio «.
Fig. 42 illustrates a plane for approximating the
mixture ratio o.
20 . Fig. 43 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio @ is calculated.
Fig. 44 is a block diagram illustrating another
configuration of the mixture-ratio estimation processor 401.
Fig. 45 illustrates an example of the estimated mixture

25 ratio.



5 Fig. 57 illustrates a nodel in which the pixel values of a foreground
conponent inmage are expanded in the tine direction and the period
corresponding to the shutter time is divided. Fig. 58 illustrates a nodel
in which the pixel values 10 of a foreground conmponent imnmage are expanded
inthe time direction and the period corresponding to the shutter tinme is
divided. Fig. 59 illustrates a nodel in which the pixel values of a
foreground conponent image are expanded in the time 15 direction and the
period corresponding to the shutter ti2®%® -is divided. Fig. 60 illustrates a
nodel in which the pixel values of a foreground conponent inmage are
expanded in the tinme direction and the period corresponding to the shutter

time 20 is d%Y%?e?ﬁe 59 .§ioh%h3§£r%Efﬁs@Paﬁéﬁgpkgg?R&?SQEQEEatio

configuration he notion-blur adjusting unit : 21s a _
flowchar g gich kgt hdt bRYcERS iRHOSSS HsAg ol &7 modivsie e amuRL, af motion
bl ur contained in"a 25 foreground conponent 1 nmage perfornmed by the

not i oN- bledk;ered3 badilig¢dlindd aaiat, 106. Fig. 63 is a block diagram
illustrating an exanple of another configuration of the notion-blur

adj usting uni£id0647 Ek0a Bfotkl 4shgabhmsianuexaapkfgohnachBglghei Brwhich the
5 rel ati onshi ps between pi xel values and foreground conponents
5 the configuration of a foreground/background separator 105.

Fig. 48A illustrates an input image, a foreground
component image, and a background component image.

Fig. 48B illustrates a model of an input image, a
foreground component image, and a background component image.

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

Fig. 50 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. 51 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 52 is a block diagram illustrating an example of

20 the configuration of a separating portion 601.

Fig. 53A illustrates an example of a separated
foreground component image.

Fig. 53B illustrates an example of a separated
background component image.

25 Fig. 54 is a flowchart illustrating the processing for



are indicated. Fig. 65 illustrates the calculation of foreground
components. Fig. 66 illustrates the calculation of foreground 10
components. Fig. 67 is a flowhart illustrating the processing for
elimnating notion blur contained in a foreground. Fig. 68 is a block
diagramillustrating another configuration of the function of the inage
processing 15 apparatus. Fig. 69 illustrates the configuration of a

synt hesi zer 1001. Fig. 70 is a block diagramillustrating still another
configuration of the function of the-igfge processing 20 apparatus. Fig. 71
is a block diagramillustrating the configuration of a mxture-ratio
calculator 1101. Fig. 72 is a block diagramillustrating the

confi gur for ou ator 1102. 25 Fig. 73 is a
iy ST R ok SEgat AL

bl ock diagramil Iustratl ther conflguratlon of the

t_he
coni gurati on of & eyirhasl 2or 1001 P badt RIS EY Er PTG T he
I nventi orthe configuration of a motion-blur adjusting unit 106.
- Fig. 56 illustrates the unit of processing.

5 Fig. 57 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. 58 illustrates a model in which the pixel values

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

Fig. 59 illustrates a model in which the pixel values
of a foreground component image are expanded in the time

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

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

20 is divided.

Fig. 61 illustrates an example of another configuration
of the motion-blur adjusting unit 106.

Fig. 62 is a flowchart illustrating the processing for
adjusting the amount of motion blur contained in a

25 foreground component image performed by the motion-blur



Fig. 1 is a block diagramillustrating the configuration of an enbodi nent
of an i mage processing apparatus according to the present invention. A CPU
10 (Central Processing Unit) 21 executes various types of processing ‘
according to prograns stored in a ROM (Read Only Menory) 22 or in a
storage unit 28. Prograns executed by the CPU 21 and data are stored in a
RAM ( Random Access Menory) 23 as required. The CPU 21, the ROM 22, and the
RAM 15 23 are connected to each other by a bus 24. An input/output
interface 25 is also connected to the 2€RJ 21 via the bus 24. An input unit
26, which is forned of a keyboard, a nouse, a m crophone, and so on, and
an output unit 27, which is forned of a display, a speaker, and so on, 20

are conng '%%fﬁﬁ' m%féuﬁgdfnurnn interface 25. The CPU 21 executes
vari ous types o rocessing in response to a comuand input fromthe input

uni t 26. The EbY 2%5thgn, gyipyt étiggf%aﬁgg%rﬁétig‘d@ﬁ OQhaieglggg% agresult of

the processing~to the output uni st orage uni connected to

the i nput/QUtRY con gdﬁt‘te_l.rof %}? frﬁﬁeé %igf % 19fr af&?]rusq_)fi. leugriofl d di sk,

and stores prograns execute 21 and various t ata. A

conmuni cati onpygi t 649;¢9NEYRLEALCANVekANBR cCYECENRbddCYhCRNY LR thHE
I nternet or anofher network. In this exanple, 5 the communication unit 29

Serves aseaR takindniigag bétivle drofpi @t &aNives @ WG Furdl TRFInents
Al ternatively, a programmay be obtained via the
are indicated.
Fig. 65 illustrates the calculation of foreground
components.
Fig. 66 illustrates the calculation of foreground
10 components.
Fig. 67 is a flowchart illustrating the processing for
eliminating motion blur contained in a foreground.
Fig. 68 is a block diagram illustrating another
configuration of the function of the image processing
15 apparatus.
Fig. 69 illustrates the configuration of a synthesizer
1001.
Fig. 70 is .a block diagram illustrating still another
configuration of the function of the image processing
20 apparatus.
Fig. 71 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.
Fig. 72 is a block diagram illustrating the
configuration of a foreground/background separator 1102.

25 Fig. 73 is a block diagram illustrating still another



comuni cation unit 29 and stored in the storage unit 28. A drive 30
connected to the input/output interface 25 10 drives a magnetic disk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nmenory 54, or
the like, when such a recording nediumis attached to the drive 30, and
obtains a programor data stored in the corresponding mnedium The obtained
programor data is transferred to the 15 storage unit 28 and stored therein
if necessary. Fig. 2 is a block diagramillustrating the inmge processing
apparatus. It does not matter whethef 2de-individual functions of the

i mage processing apparatus are inplenented by hardware 20 or software.

That is, the block diagrans of this specification nay be hardware bl ock

di agr anms e f tional  hl.ock di ans,_In this specification, an
i mage to be f?gp‘%ﬁt%%reld) o coouIJrﬁI rqcel'lsepgfﬁlhdllc%glqtno Ogéna%{ﬁ ect 9% I%rhoecerses%n‘%/vorI dis
referred to..25,#s an image object. - 26 An input image supplied to the

i mage processing apparatus is supplied to an object extracting unit 101,

an area specigfiyi ngunht L xtur.es reat. lqul.at ar a
foreground/bagﬁéfogédaéégéggﬁggsggé% %%%ﬁgbg%fggfgef?rgcfﬁﬁghﬁﬁ??gf01
extracts ;@gough i mage object corresponding to a foreground object
contained in the input inmage, and supplies the extracted i nage object to a
notiop detector 102. The object extracting unit 101 detects,

Best Mode for Carrying Out the Invention
Fig. 1 is a block diagram illustrating the
configuration of an embodiment of an image processing
apparatus according to the present invention. A CPU
10 (Central Processing Unit) 21 executes various types of
processing according to programs stored in a ROM (Read Only
Memory) 22 or in a storage unit 28. Programs executed by
the CPU 21 and data are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM
15 23 are connected to each other by a bus 24.
An input/output interface 25 is also connected to the
CPU 21 via the bus 24. An input unit 26, which is formed of
a kéyboard, a mouse, a microphone, and so on, and an output
unit 27, which is formed of a display, a speaker, and so on,
20 are connected to the input/output interface 25. The CPU 21
executes various types of processing in response to a
command input from the input unit 26. The CPU 21 then
outputs an image or sound obtained as a result of the
processing to the output unit 27.

25 The storage unit 28 connected to the input/output



for exanple, an outline of the foreground i nage object 10 contained in the
i nput inmage so as to extract a rough imge object corresponding to the
foreground object. The object extracting unit 101 extracts a rough i mge
obj ect corresponding to a background object contained in the input inage,
and supplies the extracted i mage object to the 15 notion detector 102. The
obj ect extracting unit 101 extracts a rough inmage object corresponding to
the background object from for exanple, the.difference between the input
i mage and the extracted i mage object-cpsresponding to the foreground
object. 20 Alternatively, for exanple, the object extracting unit 101 may
extract the rough image object corresponding to the foreground obj ect and

t he roug t, corresponding. | to t he back rou ect omt he

di f f erence J‘lozet weL enﬁ bac gesagugfd i G sy i B Cﬁt ad"achgr ound
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(which is information for specifying the positions of the pixels
cor r es pPORHN G drthurliR tIRIH Qh MECUPIde v A IBEAP Y i i3 Ustihgdni t 106.

The notion vector output fromthe notion detector 102
obtaining an output of a sensor.
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
10 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding
medium. The obtained program or data is transferred to the
15 storage unit 28 and stored therein if necessary.
Fig. 2 is a block diagram illustrating the image
processing apparatus.
It does not matter whether the individual functions of
the image processing apparatus are implemented by hardware
20 or software. That is, the block diagfams of this
specification may be hardware block diagrams or software
functional block diagrams.
In this specification, an image to be captured
corresponding to an object in the real world is referred to

25 as an image object.



10 contains information corresponding to the anount of novenment v. The

noti on detector 102 may out put the notion vector of each inmage object,
together with the pixel positional information for specifying the pixels
of the imge object, 15 to the notion-blur adjusting unit 106. The anount
of novenment v is a value indicating a positional change in an inmage
corresponding to a noving object in units of the pixel pitch. For exanple,
if an object image corresponding to a foreground is noving such 20 that it
is displayed at a position four pixelspg@way froma reference frane when it
is positioned in the subsequent frane, the anpunt of novenent v of the

obj ect image corresponding to the foreground is 4. The object extracting

unit 101 and %he.notion det ect or .25 %02 %re.needed when adj usting the
amount of not 'Bn BPHF 1M38° EBPPE3FENEPnG Fo RSV PRGCEEFEER. The area

specifyi £ plé.rljattéljsos.Lsd%tug{PhT‘i%%.s ttolo avr?iogﬁ ecc):ft aeﬁgr%:?aecg'gl%ggﬁ%&nég%laa background

area, or m Xed area € pi xel “0 € 1 npu nd suppl i es
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referred to as " are ornation e mxture-ra calculat’or 104,

(e, Shedigua Lt ARt Wbl e ol bl sdusting
correspondi ngthe bhgeltXekera0RiaLNEHikN181MeXedaBk82a rough image
object corresponding to a foreground object contained in the
input image, and supplies the extracted image object to a
motion detector 102. The object extracting unit 101 detects,
for example, an outline of the foreground image object
10 contained in the input image so as to extract a rough image
object corresponding to the foreground object.

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

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

20 Alternatively, for example, the object extracting unit
101 may extract the rough image object corresponding to the
foreground object and the rough image object corresponding
to the background object from the difference between the

background image stored in a built-in background memory and

25 the input image.



(hereinafter referred to as the "m xture ratio (X') based on the input

i mage, the notion vector and the positional information thereof supplied
fromthe notion detector 102, and the area information supplied fromthe "
area specifying 15 unit 103, and supplies the m xture ratio a to the

f oregr ound/ background separator 105. The mi xture ratio a is a val ue
indicating the ratio of the inmage conponents corresponding to the
background object (hereinafter also be referred to as "background
conponents”) 20 to the pixel value as Zkpressed by equation (3), which is
shown bel ow. The foreground/ background separator 105 separates the input
image into a foreground conponent imge forned of only the inage

conmponent s COLf & SﬁQ@Qngd%QeEggrf96?9E§Y99%8@E§Cé éggggﬁreln fter also be

referred to as "forégroun ckgr ou ar cSnponent

| mge f OrfRd 8l ALY Lhiga RaEKgRY TRANGRLS B3GM 9 e Bleea

i nformation sup romthe area spQC|fy|ng un € nixture

ratio a r3uRBLaddl HBTELRE ATty 3l @ %Icml @, L0dn ardpsupRl ies 5 the
f oreground conponent image to the motion-blur adjusting unit 106 and a

sel ector nd@énihhe genanahed LHPLAY evrde16@MRANERl HEAYS JHRY siGeSet as the
final output. A nore precise foreground and background can be obtai ned

conpag ed tkeha iknewn awat Bogpincshittle eahyua skedegivaule edtarlAnBagker ound
are specified without considering the m xed area. The notion-Dbl ur
adj usti ngottdbh-¥eGtdet ppriinedntie infiormation (which is information
for specifying the positions of the pixels corresponding to
the.motion vector) to a motion-blur adjusting unit 106.
The motion vector output from the motion detector 102
10 contains information corresponding to the amount of movement
V.

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

15 to the motion-blur adjusting unit 106.

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

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

The object extracting unit 101 and the motion detector

25 102 are needed when adjusting the amount of motion blur



of processing indicating at | east one pixel contained in the foreground
conponent inmage based on the anount of novenent v obtained fromthe notion
vect or and based on the area 15 information. The unit of processing is data
that specifies a group of pixels to be subjected to the notion-blur

adj ustments. Based on the anpunt by which the notion blur is to be

adj usted, which is input into the inmge processing apparatus, 20 the

f oreground conponent image supplied fromthe foreground/ background
separator 105, the notion vector and 4de- positional information thereof
supplied fromthe notion detector 102, and the unit of processing, the
notion-blur adjusting unit 106. adjusts the anmpbunt of notion blur 25
contained in the foreground congpneghginage by removing, - 30 decreasing,

or incrgggfﬁﬁspﬁgdﬁﬁgiﬁﬁ BI OPVeoqt & §%'n the foreground conponent irmmage.
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captured’in the real wo and"the image- 10 capturing characteristics of
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supplied fromthe foreground/ backgroun
referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background separator 105, and
the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calculates the mixture
10 ratio corresponding to the pixels contained in a mixed area
(hereinafter referred to as the "mixture ratio O") based on
the input image, the motion vector and the positional
information thereof supplied from the motion detector 102,
and the area information supplied from the area specifying
15 unit 103, and supplies the mixture ratio Q@ to the
foreground/background separator 105.

The mixturé ratio O is a value indicating the ratio of
the image components corresponding to the background object
(hereinafter also be referred to as "background components'")

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

The foreground/background separator 105 separates the
input image into a foreground component image formed of only
the image components corresponding to the foreground object

25 (hereinafter also be referred to as "foreground components")



separator 105 and the foreground conponent image in which the amount of
notion blur is adjusted supplied fromthe 15 notion-blur adjusting unit 106
based on, for exanple, a selection signal reflecting a user's selection,
and outputs the selected foreground conponent image. An input inmage
supplied to the image processing apparatus is discussed below with
reference to Figs. 3 20 through 18. Fig. 3 illustrates inage capturing
performed by a sensor. The sensor is formed of, for. exanple, a CCD

(Char ge- Coupl ed Device) video canera-gow ded with a CCD area sensor,
which is a solid-state i maging device. An 25 object 111 corresponding to a
foreground in the real world - 31 noves, for exanple, horizontally from
the left tq the right bet ween an qbject 112 correspqnding to a background
and the 258ngoPacHlEoBrs P OB e TG T REGE DR L RO 190/ D 111 5
correspondi to _the forearound _together..wth the | f_th ject 112
correspo 8F%%rpgnghgogg8Q Po&ngés e°§e$§§'aﬁgﬁtgﬁgg&%%%géﬁbfﬁgggqﬁﬁage in
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per secon he "exposur i the sensor can second. The 10
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light into electrical charge until when the conversion fromthe input
l'i ghts t othie relretrbedl coR@ofnits imfhigal Thedhel RS tOMREIIE HdiRisitInd SO

referred to as a

unit 106 and a selector 107. The separated foreground
component image may be set as the final output. A more
precise foreground and background can be obtained compared
to a known method in which only a foreground and a

10 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
obtained from the motion vector and based on the area

15 information. The unit of processing 1s data that specifies
a group of pixels to be subjected to the motion-blur
adjustments.,

Based on the amount by which the motion blur is to be

adjusted, which is input into the image processing apparatus,

20 the foreground component image supplied from the
foreground/background separator 105, the motion vector and
the positional information thereof supplied from the motion
detector 102, and the unit of processing, the motion-blur
adjusting unit 106 adjusts the amount of motion blur

25 contained in the foreground component image by removing,



“shutter time". 15 Fig. 4 illustrates the arrangenent of pixels. In Fig.

4, A through | indicate the individual pixels. The pixels are disposed on
a plane of a corresponding image. One detection device corresponding to
each pixel is disposed on the sensor. \Wien the sensor perfornms inmage
capturing, each 20 detection device outputs a pixel value of the
correspondi ng pixel formng the image. For exanple, the position of the
detection device in the X direction corresponds to the horizontal
direction on the inmge, while the posigpon of the detection device in the
Y direction corresponds to the 25 vertical direction on the imge. - 32 As
shown in Fig. 5 the detection device, which is, for exanpge, a CCD, §
converts input light into electrical charge during a period corresponding
to a shutciee‘frefaﬁf\f?g'arﬂjr SHHTERASITHE VR HEQP P BT rFRRtaineg gt tlfr% ﬁrmunél
of charge.is 5 alnpst proportional to ghe intensity of the input |jght an

t he per?ofaofeoqr?/bfﬁ hccfnﬁ?ao FHht IS nputRe ARt RV orRdHe g ﬁ@hh*énti Sl ly
adds the ic char converted fromthe input light tq the store

el ectri ca]l%fﬁgargégne%d‘lutrﬁuﬁ%gahee peoﬁeo%r%‘%ﬂcg e%od'%‘%ﬁ‘?fbgtjd“?%%djsrhpmle‘ih tine. _Thgt
is, the i Jevi I nt fes e i nput |ight dur t perio
aﬂ#’lﬂ%e&é e slﬂoﬁrf bcﬁl% :&ns:gicgpfss%é&1 % % Peﬁcf%a#&ghar e

corresponding to th ter a ores the elec Cc !
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the detection device has an integrating function wth tespec otine.
information thereof be used.

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

10 capturing characteristics of the sensor.

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

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

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

20 through 18.

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

25 object 111 corresponding to a foreground in the real world



15 The el ectrical charge stored in the detection device is converted into
a voltage value by a circuit (not shown), and the voltage value is further
converted into a pixel value, such as digital data, and is output. '
Accordingly, each pixel value output fromthe sensor is a val ue projected
on a 20 linear space, which is a result of integrating a certain

t hr ee-di nensi onal portion of the object corresponding to the foreground or
t he background with respect to the shutter tine. The imge processing
apparatus extracts significant 25 i nf @lmati on enbedded in the output
signal, for exanple, the - 33 mxture ratio a, by the storage operation of
the sensor. The imge processing apparatus adjusts the anmount of

distorti for anpl he f j r, used . m Xt ure
0t St he t EByeber 8t MR 0 o pBTROh e 1 J0 L Bl 0 GRUSBLenlY (LT XL

al so adj e f i It b re
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i I'lustratgssdp i mage obtained by capturing a noving object corresponding

to a foreground and a stationary 10 object corresponding to a background.

Fig. 6B illustratesnsdri 8BRFEuLESatAEdiRYgEaREUEhBYoB BBYI NP1 0Dbj ect
corresponding to a foreground and a stationary object corresponding to a

backgs ouadrrEisgon8Anyl kusthat €% ragrotnde tebfeadheed wh)thC aplUAimaged ok5 novi ng
obj ect corresponding to a foreground and a stationary
the object 112 corresponding to the background. The sensor
outputs the captured image in units of frames. For example,
the sensor outputs an image having 30 frames per second.
The exposure time of the sensor can be 1/30 second. The

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

15 Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on
the sensor. When the sensor performs image capturing, each

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

25 wvertical direction on the image.




obj ect corresponding to a background. In the exanple shown in Fig. 6A, the
obj ect corresponding to the foreground is noving horizontally fromthe
left to the right with respect to the screen. 20 Fig. 6B illustrates a
nodel obtai ned by expandi ng pi xel values corresponding to one line of the
i mage shown in Fig. 6A in the time direction. The horizontal direction
shown in Fig. 6B corresponds to the spatial direction Xin Fig. 6A The
val ues of the pixels in the background area are 25 fornmed only fromthe
background conponents, that is, the = 34 —i mage conponents corresponding to
t he background object. The values of the pixels in the foreground area are
formed only fromthe foreground conponents, that is, the inage conponents

corresponding.to the foreground object. 5 The values of the pixels of the
m xed area ar &°f BFEB 1Pr 6Pt h b&%EgPSGﬁ& &8Hp§ﬁ¥ﬁF§'aH ke 1for £§Found

conponents. i nce t val ues qof the pixels.n the m xed area are forned
from t he BERgroufd ¢ rfp&r‘f’élﬁ’tesrqcac‘nd‘r}%gt ;&d‘rgzﬁ:r ddHe ce?r?ﬁ:oﬁfe"rﬁ -S4 9y be
referred : "distortiqn area".. The m xe area is further classified
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wher es t g 11 SRAGKGRLAD (rAPARE R ATk fAdYAld sy SRV ek vty e ng
f oreground over tifre.
the period for which the light is input. The detection
device sequentially adds the electrical charge converted
from the input light to the stored electrical charge during
the period corresponding to the shutter time. That is, the

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

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

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

The image processing apparatus extracts significant

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



In contrast, the uncovered background area is a m xed area correspondi ng
to the trailing end in the direction in which the foreground object is
novi ng, where the background 20 conponents gradually appear over tine. As
di scussed above, the image containing the foreground area, the background
area, or the covered background area or the uncovered background area is
input into the area specifying unit 103, the m xture-ratio cal cul ator 104,
and 25 the foreground/ background separator 105 as the input inmage. - 35
Fig. 7 illustrates the background area33the foreground area, the m xed
area, the covered background area, and the uncovered background area

di scussed above. In the areas corresponding to the inmage shown in Fig. 6A,

t he backaqr, 5. area i st,ati onar ortio the foreground area is a
novi ng p%{%lﬁ(})%e tr%é: l%o&%r Ee%’c'}' l}gicekgs&oougna e ST HE Orréi) e Aresl's a portion

that chaiiges .0 e hAGkAPWHD LA LIE ad Q1AW A o RRthd g uncover ed

background area “of "t he mXxe ea 1s a portion changes fromthe

f or egr ound ¢+ Af1en 1¢Hackaround. '@-an%qdeqﬁ“r@& Srft YRgel eﬁ%gfsg%&ed by

expanding in the tine direction the pixel values of the pi'x I gned

si de- bY'bév! dod it ddTREE 1R ARl R RARMIGN b1 MR 1K | t hg e O] ect
corresponding to the stationary foreground and the 15 i nage of the object

COrr esponeiaR@ trdded sStdf laRima t RAKF LW u Y eaERint®od he pixels
al i gned si de- by- si de, pi xel s arranged in one |ine on the screen can be
sel ecteddistortion caused by the mixture of the foreground image
object and the background image object.
Fig. 6A illustrates an image obtained by capturing a.
moving object corresponding to a foreground and a stationary

10 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.

Fig. 6A illustrates an image obtained by capturing a

15 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 wifh respect
to the screen.

20 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.

The values.of the pixels in the background area are

25 formed only from the background components, that is, the



The pi xel values indicated by FO1l through FO4 shown in Fig. 8 are val ues
of the pixels corresponding to the object 20 of the stationary foreground.
The pi xel values indicated by B0l through B0O4 shown in Fig. 8 are val ues
of the pixels corresponding to the object of the stationary background.

The vertical direction in Fig. 8 corresponds to tine, and tine el apses
fromthe top to the bottomin Fig. 8 in the 25 vertical direction in Fig.
8. The position at the top side - 36 of the rectangle in Fig. 8
corresponds to the time at which the Sgensor starts converting input |ight
into electrical charge, and the position at the bottom side of the
rectangle in Fig. 8 corresponds to the tine at which the conversion 5 from
the input. _light into the electrical,.charge. s finished. . That is, the

di st ance ‘FPIm CREPPEEIESIEOFS SEREPEGT Lo s iTdE PRI e CRAGE in Fig. 8
correspopgs, tv%ltutré%a?%u}t (raer Sf%%‘%is Hhe t%iex%loie??}%%cf r?:tlrFeiag ars HGndgscribed

bel ow assum ng , e, the shutt tinme I's equa ot e frane
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direction A € Speci in Fig. 8,

t he di st I t | ef, I f f QEQHQJ i ndj-cated by "FA" in
Fig. 8 tht Shfﬁgﬁtggf %S%§%€$%9ﬁ5°r3@%h§§1e |né?%29§g%%§""804" is eight

timessthe pixehe Phighs Bfethee%QQEl§08§eEHEiM@x@ﬁxﬁkéa_¥@6nf59§e59reground
obj ect and the background objec are stationary, the light input into the
sensor dgeem@he background components and the foreground components.
Since the values of the pixels in the mixed area are formed
from the background components and the foreground components,
it may be referred to as a "distortion area". The mixed
10 area is further classified into a covered background area
and an uncovered background area.

The covered background érea is a mixed area at a
position corresponding to the leading end in the direction
in which the foreground object is moving, where the

15 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
which the foreground object is moving, where the background

20 components gradually appear over time.

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

25 the foreground/background separator 105 as the input image.



change during the period corresponding to the shutter tine. 20 The period
corresponding to the shutter tine is divided into two or nore portions of
equal periods. For exanple, if the nunber of virtual divided portions is
4, the nodel shown in Fig. 8 can be represented by the nodel shown in Fig.
9. The nunber of virtual divided portions can be set according 25 to the
anmount of novenent v of the object corresponding to - 37 the foreground
within the shutter tinme. For exanple, the nunber of virtual divided
portions is set to 4 when the anount @ aovenent v is 4, and the period
corresponding to the shutter tine is divided into four portions. 5 The
upper nost Iine in Fig. 9 corresponds to the first divided period from when

t he shutter pene The lLine in 11 cqrresponds to the

second drvrde rronlPPo a%ﬁ Q%ﬁ qaﬁ”qﬁg§lﬁﬁen3@' & SEFOMEY i ne i n

Fig. 11 espon 0, the third drvrd er fro mhen t he shutter
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i's stationary t he I nput 1to e sensor- does’ not chan and t hus,

the fgr egarx%aﬁdlscwwof&y \@drstfcqyaltﬁ@ theegualite htained by dividing
t he pi xel value FO1l by the nunber

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 mixeo

area is a portion that changes from the foreground to the
10 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
object corresponding to the stationary foreground and the

15 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 F01 through F04 shown in
Fig. 8 are values of the pixels corresponding to the object

20 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.

The vertical direction in Fig. 8 corresponds to time,
and time elapses from the top to the bottom in Fig. 8 in the

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



20 of virtual divided. portions. Simlarly, when the object corresponding
to the foreground is stationary, the foreground conponent FO02/v is equal
to the value obtained by dividing the pixel value FO2 by the nunber of
virtual divided portions, the foreground conponent FO3/v is equal to 25

t he val ue obtai ned by dividing the pixel value FO3 by the - 38 nunber of
virtual divided portions, and the foreground conponent FO4/v is equal to

t he val ue obtai ned by dividing the pixel value FO0O4 by the nunber of

virtual divided portions. 5 Wen the ®bject corresponding to the
background is stationary, the light input into the sensor does not change,
and t hus, the background conponent BO1l/v is equal to the value obtained by

di vi di ng ¢t plxel vaI ye BOL vi rtuyal d|V|d d _partions.
Simlarl yfh\?\?n Sve aéjﬁ Sctt™ lc,gor %gscﬁorncfs o ttho lhackgr oun& RiE th
stati onar rQun | e obt ai ned
by divi J’ ng %hesol%?;se%r% % %Q%%f% nutnble echL&‘\q;%trt U Herbeccf

ortions, a d t val ned b
P ey 3 U p%% N a@oc?r(e dot a4 of P&O? é&ﬁ‘t&‘}%; 1@ y

di vi di ng t he pi x ue BO3 by the 15 nunmber of virtua rtions,

and the hackgrpund cLUIREREs B/ thd S i8abalt thildie tal umRRtalngd by
dividing the plxel val ue BO4 by the nunber of virtual divided portions.

Mor e spedirddnt alney inden 1tikmohiee 1 rasRadidg tchdhee 20 figfieaound is
stationary, the light corresponding to the

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
that, for example, the shutter time is equal to the frame

10 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
the rectangle indicated by "FO01l" in Fig. 8 to the right side

15 of the rectangle indicated by "B04" is eight times the pixel
pitch, 1.e., eight consecutive pixels.

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

20 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.
The number of virtual divided portions can be set according

25 to the amount of movement v of the object corresponding to



foreground object input into the sensor does not change during the period
corresponding to the shutter tinme. Accordingly, the foreground conponent
FO1/v corresponding to the first portion of the shutter tine/v fromwhen -
the 25 shutter has opened, the foreground conponent FOl/v - 39
corresponding to the second portion of the shutter time/v from when the
shutter has opened, the foreground conponent FO1/v corresponding to the
third portion of the shutter tine/v fromwhen the shutter has opened, and
the foreground 5 conponent FO1/v cortegsponding to the fourth portion of the
shutter tine/v fromwhen the shutter has opened becone the sanme value. The
sane applies to FO2/v through FO4/v, as in the case of FOl/v. Wen the

obj ect cqrrespondi ng to the backgroynd .is 10 stationary, the |ight

correspo ] p nt ’ not
o RSt Tt o AL L dind t o HadHRGr

change during the period., corr.e ndi to the shutter, tine. Accordingly,

t he bacll%ldlrmg%rfd donfpdriatit ﬁﬂ@egcgrproers ST g’ tsoehc[ He 1 MHeT F1% i on of the

shutter tj fr t utter 5.0 ed, the hackground

corrponentangg'(ﬂvtv OC%ﬁO%g%ﬁ i ﬁ'g%{;o 4t’heanrzl";‘zcch(])en e%gir%téljocno%%e%oen SR ?Ceor time/v

from whe R LE 5 0 , nent BO1/
S o tl“%aricf REAGed %%%ﬂ%ﬁ%’/ v from anen t he

corresponding to the t portion .
shuttgr has oaﬁeeqpp@&lﬂogtﬂemgk%owg/.C@meg@%@% gﬁ&{sxt%otﬁgr "f%%ﬁ%“d' ng to

the fourth portion of the shutter tine/v from e shutter has opened
becone t@%ﬁ%ﬂ@@‘ﬁﬂﬁﬁéd-ﬁy%m when the shutter has opened. The second
line in Fig. 11 corresponds to the second divided period
from when the shutter has opened. The third line in Fig. 11
corresponds to the third divided period from when the
10 shutter has opened. The fourth line in Fig. 11 corresponds
to the fourth divided period from when the shutter has
opened.

The shutter time divided in accordance with the amount

of movement v is also hereinafter referred to as the
15 “"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
value obtained by dividing the pixel value F0l by the number

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

25 the value obtained by dividing the pixel value F03 by the



sanme applies to BO2/v through BO4/v. A description is given of the case in
whi ch the object corresponding to the foreground is noving and the object

25 corresponding to the background is stationary. - 40 Fig. 10 illustrates
a nodel obtained by expanding in the time direction the pixel values of
the pixels in one I|ine, including a covered background area, when the

obj ect corresponding to the foreground is noving to the right in 5 Fig.
10. In Fig. 10, the amount of novenent v is 4. Since one franme is a short
period, it can be assuned that the ebggct corresponding to the foreground
is arigid body noving wwth constant velocity. In Fig. 10, the object

i mage corresponding to the foreground is noving such that it is 10

" s o g B B et B 9% TR rom the
| ef t rost pi xel faurt i.xel | ong to t f.oregroungd area. In Fig.
C%prénsetnfocr R /ﬁe%,rl{:‘i eth;nlpal etq NN ogaﬁi%l%ecg Y cpivz.cflhng

10, the f pi xe 0 the sev pixel* from 15 | eft

bel ong tqy j %e rea, i s, t : gr ea. In Fig.
10, the ?ﬁ;ﬂ?ﬁggsﬁi S’iai"'e ge%n sﬂtrge r{lﬁne ga%l;fgs,olun alre&a{. e?obj ect

correspod g e the foreground is moving such that it gradually covers
the object corresponding to 20 the background over tinme. Accordingly, the

conpogents cofhann@del BblBetP¥elre¥pbuas negf tbhenki xalkkgPehargiiag to the
covered background area change fromthe background

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
of virtual divided portions. Similarly, when the object

10 corresponding to the background is stationary, the
background component B02/v is equal to the value obtained by
dividing the pixel value B0Z2 by the number of virtual
divided portions, the background component B03/v is equal to
the value obtained by dividing the pixel value B03 by the

15 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.

More specifically, when the object corresponding to the

20 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
the first portion of the shutter time/v from when the

25 shutter has opened, the foreground component F0l/v



conponents to the foreground conponents at a certain time during the
period corresponding to the shutter tinme. 25 For exanple, the pixel value M
surrounded by the thick - 41 frame in Fig. 10 is expressed by equation (1)
bel ow. M = B02/v+BQ2/ v+FO7/ v+FO6/v (1) For exanple, the fifth pixel from
the left contains a background conponent corresponding to one portion of
the 5 shutter tine/v and foreground conponents corresponding to three
portions of the shutter time/v, and thus, the mxture ratio (X of the
fifth pixel fromthe left is 1/4. The 38xth pixel fromthe left contains
background conmponents corresponding to two portions of the shutter tinme/v
and 10 foreground conponent s corresponding to two portions of the shutter

time/v, anstiusndiie, Wi Jatdes Q0 dhe it ixel, frgm khe Teft is

1/ 2. The sev p1 X rom talns ba gr oun conpo ents

corr esponding it hnge dsmpaeémrasof Oar&?eé h;gﬁeerféferh%{aw&dcan &g ound

conmponent 15 correspondi ng to one portion ter ti and t hus,

the m xtym fatddd e Hoddied idd el x@li Ad %Bmeod gt e 3s[hAuttelrt can be

assumed that the object corresponding to e foreground is a rigid body,

and the foRROROUNGORIRG dre JAMYE: WMdd &wﬁ&ntawle@tyo%drr@t it is
di spl ayed four 20 pixels to the right in the subsequent frane.

Accor 8i ngompdrdn ©xamhe,cdhe Spymiimngd car ot iFQd M idn tdre draurt h
pi xel fromthe left in Fig. 10 corresponding to the first portion of the
shutter tdhmedbed riameiert idwe wiut tiete Asutter has opened become the
same value. The same applies to F02/v through F04/v, as in
the case of F01/v.
When the object corresponding to the background is
10 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
portion of the shutter time/v from when the shutter has
15 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 BOl/v corresponding to
the third portion of the shutter time/v from when the
shutter has opened, and the background component B0l/v
20 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.
| A description is given of the case in which the object
corresponding to the foreground is moving and the object

25 corresponding to the background is stationary.



opened is equal to the foreground conponent of the fifth 25 pixel fromthe
left in Fig. 10 corresponding to the second - 42 portion of the shutter
time/v fromwhen the shutter has opened. Simlarly, the foreground
conponent FO7/v is equal to the foreground conponent of the sixth pixel
fromthe left in Fig. 10 corresponding to the third portion of the shutter
5 tinme/v fromwhen the shutter has opened, and the foreground conponent of
the seventh pixel fromthe left in Fig. 10 corresponding to the fourth
portion of the shutter tine/v fromwheo +he shutter has opened. It can be
assuned that the object corresponding to the 10 foreground is a rigid
body, and the foreground object is noving with constant velocity such that

it is displayed foyr, .pi,xel.s_tao the right in t.he bsequent,.frane.
Accor di ngly, %flgr' g)?arlrgllél,sttrﬁlé:efsoraeénrog%ﬁd O@%ﬁﬁgﬁgf&éy EO6AT93F% & t hird

pi xel frqmd *B@ee%if;lé}:e@%qhe&g%fﬁ%{ieﬁswﬂé@ dP the %%%e;ts 5 pc%{eti on of the

shutter tine/v trom er has opened i s to the foreground
conponent; 9fe t he, F1Q14; i B 1&fdq A 9. qﬂging to

t he secon_dl _ep'or ?} o%&{)trh% hag %ﬁ}u% t‘geofrg%gn% v&; rom e’n_v%k&% S uét SOZE& as

opened. Sid¥dydohaihe foram ok LRRNSNY md:%q’ is apual; 4f tig, the
foreground conponent of the fifth pixel fromthe Teft i1n Fig. 10

corresporgiqng 1w, t he tfig d oy i Hlodhe Shuld®merdd NE/s f4 omgahens t he
shutter has opened, and the foreground conponent of the sixth pixel from

the }eft drie Hrthmel G £ Qf rRAFPReNG g ddD, tine durdd admad at heheshut t er
L object corresponding to the foreground is a rigid body
moving with constant velocity. In Fig. 10, thé object image
corresponding to the foreground is moving such that it is
10 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
pixels from the fifth pixel to the seventh pixel from the
15 left belong to the mixed area, which is the covered
background area. In Fig. 10, the rightmost pixel belongs to
the background area.
The object corresponding to the foreground is moving
such that it gradually covers the object corresponding to
20 the background over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
covered background area change from the background
components to the foreground components at a certain time
during the period corresponding to the shutter time.

25 For example, the pixel value M surrounded by the thick



25 fromwhen the shutter has opened. - 43 It can be assunmed that the

obj ect corresponding to the foreground is a rigid body, and the foreground
object is noving with constant velocity such that it is displayed four
pixels to the right in the subsequent franme. Accordingly, 5 for exanple,

t he foreground conponent FO5/v of the second pixel fromthe left in Fig.
10 corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is equal to the foreground conponent of the third

pi xel fromthe left in Fig. 10 corresponding to the second 10 portion of
the shutter tinme/v fromwhen the shutter has opened. Simlarly, the
foreground conponent FO5/v is equal to the foreground conponent of the

fourth pixel fr.omithe .left in Fig. 10.correspanding.to the third portion
of the sfﬁrﬁf“[eerlnt iEIrﬁ?/'v 10 3% WEF & eedgt?é't teeqruaﬁ%sonop@r‘eg’,ela?r‘fd the 15

f oreground cogpan f fi Lxel, fromthe left,in Fig. 10
P Eﬁ2/§+Bb?2v L*B%PVQHSE/V (E}m

. *
correspondi ng to our portion of"the shutter tine/v fromwhen the

shutter has opgped, Lfican.fg aszufed;Lhat (he ehiest coppaspending to the
%ody, an object i's g

foreground is a rigl the toregroun ( noving with

const ant HLehQGIi S Hompoh@hn d tco:rs.ce%ip%'?ild@ﬁ%d ﬁ(oOlHnet %d@i%nt Q£ %gneri ght in

t he subsequent franme. Accordingly, “for exanple, e foregrou conponent

FO4/ vs of st tleof te iR aRidX Fo ey riohhd EOnpIi@sROR M@ R rddigdf idost portion
of the shutter tine/v fromwhen the shutter has opened is equal to 25 the
f or egr ounth re@pRReAionef dfhe hseeond irxelird/AM el 18fds, the mixture
ratio O of the fifth pixel from the left is 1/4. The sixth
pixel from the left contains background components
corresponding to two portions of the shutter time/v and
10 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
portions of the shutter time/v and a foreground component
15 corresponding to one portion of the shutter time/v, and thus,
the mixture ratio @ of the fifth pixel from the ieft is 3/4.
It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
20 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
opened is equal to the foreground component of the fifth

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



- 44 in Fig. 10 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO4/v is equal to the foreground conponent of the third pixel fromthe
left in Fig. 10 5 corresponding to the third portion of the shutter tine/v
from when the shutter has opened, and the foreground conponent of the
fourth pixel fromthe left in Fig. 10 corresponding to the fourth portion
of the shutter time/v fromwhen the shutter has opened. 10 Since the
foreground area corresponding to the-nmpgiAg object contains notion blur as
di scussed above, it can also be referred to as a "distortion area". Fig.
11 illustrates a nodel obtained by expanding in the time direction the

Brea m%i'rp“%es‘cl%f&f Zf& 'X%ﬁf%ét?‘,eoﬁ?&e A %éf'l PO R R o the
h 1F 11, ¢t LY 4. Si
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a reference frame when it é% spl ayed 1 n the subsequent rane n Flg
11, the pixRlAs QM Wi @mutpdé&elhatso 65@1ed,45and 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.
It can be assumed that the object corresponding to the

10 foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F06/v of the third
pixel from the left in Fig. 10 corresponding to the first

15 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
opened. Similarly, the foreground component F06/v is equal

20 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
corresponding to the fourth portion of the shutter time/v

25 from when the shutter has opeﬁed.



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

pi xel belongs to 5 the foreground area. The object corresponding to the
foreground which covers the object corresponding to the background is
nmovi ng such that it is gradually renpoved fromthe object corresponding to
t he background over tinme. Accordingly, the conponents 10 contained in the
pi xel values of the pixels belonging-t43the uncovered background area
change fromthe foreground conponents to the background conponents at a
certain time of the period corresponding to the shutter tine. For exanple,

the pixel value M ded by, the thick. 15 f in Fig. 11 i

expr bssed by BRUSERORC (35-0Rdztb03) G APCRPIFB36 Py tBIPURELITFEP il o

the fifth_pixel the l.eft. contai k d t di
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the sixth - 4

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
pixel from the left in Fig. 10 corresponding to the second

10 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
shutter time/v from when the shutter has opened, and the

15 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

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 F04/v of the left most
pixel in Fig. 10 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to

25 the foreground component of the second pixel from the left



pi xel fromthe left is 1/2. The seventh pixel fromthe left contains a
background conponent corresponding to one portion of the shutter tinme/v
and foreground conponents corresponding to three portions of the shutter
time/v, and 5 thus, the mxture ratio a of the seventh pixel fromthe left
is 1/4. When equations (1) and (2) are generalized, the pixel value Mcan
be expressed by equation (3): M= aB+IFi/v (3) 10 where a is the m xture
ratio, B indicates a pixel value of the background, and Fi/v designates a
foreground conponent. It can be asswregs that the object corresponding to
the foreground is a rigid body, which is noving with constant velocity,
and the anount of novenent is 4. Accordingly for 15 exanple, the

foreground conponent FO1l/v of ,the fifth pIX from,the left in Fig. 11
1% kg% o h@ofr.rreeeowﬂgo&c’ & i scmtp H9e/AF 6 when t he

correspo
shutter pened is fore r.oun nponent of,.t he si.-xth pixe
from t he ef%t lIr—niedV O@oﬁ&lggp éwt FShé sec né‘eﬁlort |S(3‘ﬂ1 g‘ﬁ d 't he
shutter e tter 0 f oreground
conponen%hgef%v i”S eW@a%QQ?%ﬁ?N{ ﬁé&?éﬁnggggﬁbghen %§I§E§§hth pi xe

om e b, Bz sssgesnal 10 e ke dpary o the <l
of the eighthsRiordliny B ihe ltefitrd %J?ﬂlonl%f the 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
from when the shutter has opened.

10 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
the time direction the pixel values of the pixels in one

15 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
object corresponding to the foreground is a rigid body

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

frame.

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



corresponding to the fourth portion of the shutter time/v from when the
shutter has opened. It can be assuned that the object corresponding to the
5 foreground is a rigid body, which is nmoving with constant velocity, and
t he amount of novenent v is 4. Accordingly, for exanple, the foreground
component FO02/v of the sixth pixel fromthe left in Fig. 11 correspondi ng
to the first portion of the shutter tinme/v fromwhen the shutter has 10
opened is equal to the foreground conponent of the seventh pixel fromthe
left in Fig. 11 corresponding to the-sesord portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO2/v is equal to the foreground conponent of t he eighth pi xel fromthe 15
left in corr ndi n tlon of shut ter tlne/v
fr om when c?‘he SHUTY eelresrﬁ Pherit her‘tebab‘g’h s?r’ﬁ%%l th I?Jn% obf ectle
correspo or d [ d bo whi ch ving with
constalr[:tnggi£ Oﬁgg}?a%ﬁdetﬁgf& eSl?tJrrI)J?C/]rltlaerresh \g%(/n?}é Qllxeﬁic% IIL’TD , 20 for

exanpl e, ﬂgg%fgg rygq O3 v A 5 Lhe; sevent . P %%‘i fron1the | ef t

in Fig. 11 correspondlng tot irst " portion of the sh er tinme/v from

when t he sduld &ulsarapened, i £aual , tithd e hiofRu oundy &p%% dOéz%t he

eighth pixel fromthe left in Fg. 11 corresponding to the se

portien ofhd hesrsdyrdaid tdr@{v from when the shutter has - 48 opened. It
has been described with reference to Figs. 9 through

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 correspondind
to the background over time. Accordingly, the components

10 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.

For example, the pixel value M' surrounded by the thick

15 frame in Fig. 11 is expressed by equation (2).

M [}

F02/v+F0l/v+B26/v+B26/v (2)

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

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

25 shutter time/v, and thus, the mixture ratio ® of the sixth



11 that the nunber of virtual divided portions is 4. The nunber of virtual
di vi ded portions corresponds to the anount 5 of novenent v. Generally, the
anount of novenent v corresponds to the noving speed of the object
corresponding to the foreground. For exanple, if the object corresponding
to the foreground is noving such that it is displayed four pixels to the
right wwth respect to a certain franme when it 10 is positioned in the
subsequent frane, the anount of novenent v is set to 4. The nunber of
virtual divided portions is set to 4 44 -accordance with the anmount of
novenent v. Simlarly, when the object corresponding to the foreground is
nmovi ng such that it is displayed six pixels to 15 the left with respect to

a certain.fr when. it i posi.tjioned. in the bsequent_ frane, the anount
of nnverré’ﬁtxeam%ir?"%g:lhet (}e%,t arvd 1 Ke n&rpt?erseé’fer\sfi tﬂfgﬁeﬁdif\ﬁoﬁ‘e&?’ﬁoﬁﬁf&ns i's
set to 6., Fi.gs.. 12 and.,13 illustrate the rel ationship of the 20 foreground
ar ea, thgoﬁgbgﬁfoﬁn%agkggfugﬁdcPﬁ?%%%éiﬂ%ﬁﬁﬁ?sgﬂﬂi%?g%%ﬁépgﬁép@Ft °Lover ed
backgrou k. er, r , i r i ssed above, to the
foregrou%%.%ggn%gﬁgﬁgﬁ gﬁge(&ggégb%g&%ﬁﬁ%ﬂﬁgﬂﬁ%ﬁﬁﬁgggg%rresponding to the

di vi ded Reflads ool bye Shublle oot B0-cnb2 drlddish! Al R0 exapl e in

t
which pixels in the - oreground area, e backgroun ared, and the
m xeds ar 3. are th@Xiia¢ee faQMcal IdFRGe L AN 1% S1O0TFRIOURE 1eft
corresponding to an object noving in front of a stationary
is 1/4.
When equations (1) and (2) are generalized, the pixel

value M can be expressed by equation (3):

M=0a-B+ ) Fi/v (3)

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

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

foreground is a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for

15 example, the foreground component F01l/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
equal to the foreground component of the sixth pixel from
the left in Fig. 11 corresponding to the second portion of

20 the shutter time/v from when the shutter has opened.
Similarly, the foreground component F01/v is equal to the
foreground component of the seventh pixel from the left in
Fig. 11 corresponding to the third portion of the shutter

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



background. In the exanple shown in Fig. 12, the object 5 corresponding to
the foreground indicated by Ais horizontally noving with respect to the
screen. Frame #n+l is a franme subsequent to frane #n, and frane #n+2 is a
frame subsequent to frame #n+l. Pixels in the foreground area, the
background area, and 10 the m xed area are extracted fromone of franes #n
through #n+2, and the anount of novenent v is set to 4. A nodel obtained
by expandi ng the pixel values of the extracted pixels in the tine.
direction is shown in Fig. 13. Since-the object corresponding to the
foreground is 15 noving, the pixel values in the foreground area are
formed of four different foreground conponents corresponding to the

shutter t For | e e | eftnost of _t he Jxel in the

f or egr oun éaor}‘@r ea s oov\fn?%hrg) r]? %Jo’h%lr frso“gf%%?:dﬁ@ o F]O]Slv and
FO4/v. T 0 fore roun ont i.on bju Si nce
t he obj erc}'ta& corre esponrgé r%! tto}Jl rDune OP Cha i (a)fh I?d?ﬁ)‘f nput into

t he sensqrcgrprv;ﬁ.pog}gg %J&%}p%a acféiﬁ{%'nd durl ng the shutter time does

not change. Int case e pl xe es in the background area do not

contain 25 ”ﬁ%‘%@nbb%rassu%gd Eﬂ%&pkﬁ%loﬁﬂg%QSCBQr%@ e dg%%k%re%

consi st ng of a covered back ground area Or an uncove groun& ar ea

are bor ethefr SR AOUNd G ALY S i ack garndy GEReNeHstarft

description is given bel ow of a nodel obtained by
velocity, and the amount of movement v is 4. Accordingly,

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

10 opened is equal to the foreground component of the seventh
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 F02/v is equal
to the foreground component of the eighth pixel from the

15 left in Fig. 11 corresponding to the third portion of the
shutter time/v from when the shutter has opened.

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

20 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
opened is equal to the foreground component of the eighth
pixel from the left in Fig. 11 corresponding to the second

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



5 expanding in the tinme direction the pixel values of the pixels which are
aligned side-by-side in a plurality of franmes and-which are |ocated at the
sanme positions when the franes are overl apped when the i nage correspondi ng
to the object is noving. For exanple, when the image corresponding 10 to
the object is nmoving horizontally with respect to the screen, pixels
aligned on the screen can be selected as the pixels aligned side-by-side.
Fig. 14 illustrates a nodel obtained by expanding in the tinme direction

t he pixels which are aligned side-by-sééle- 15 in three franmes of an inmage
obt ai ned by capturing an object corresponding to a stationary background
and which are |located at the sane positions when the franmes are
overlappgﬁ, dgame #n is the frame subsequent to frane #n-1, and frane

#n+l is t r}rams subsequent to frame #n. The sane applies 20 to the other

frames. The pﬁ¥ehaﬁabggﬁ AQL LREQuaR B2 %Q%W@nc% E9p;}d alke th%}é%# val ues

corresponding to the stationary backgroun object Sines the 0

corr espondi RGO 4Hae RAREY QN Syt d pdE s VA UG O the
rou frane

corresponding pixels in 25 frame #n-1 t +1 do 'not E:nange For

exanmpl e, murpkr td¥e WBirlall Wiy %blaﬂ%ﬁéwcdl'ﬁ@épdrfhsf rLmec nhoﬁiccat ed at
ue I n

the correspondi ng position of the pixel having the pixel
frames#nclf hawendie Rpi.xelcerrirsa 1805.tHd Gmoknt |d Usidvainis @ \m)del obt ai ned

by expanding in 5 the time direction the pixels which are aligned
si de- by- sicderesponds to the moving speed of the object corresponding
to the foreground. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it
10 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
movement v. Similarly, when the object corresponding to the
foreground is moving such that it is displayed six pixels to
15 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
set to 6.
Figs. 12 and 13 illustrate the relationship of the
20 foreground area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, to the foreground
components and the background components corresponding to
the divided periods of the shutter time.

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



in three frames of an i mage obtained by capturing an object corresponding
to a-foreground that is noving to the right in Fig. 15 together with an
obj ect corresponding to a stationary background and which are | ocated at
the sane 10 positions when the frames are overl apped. The nodel shown in
Fig. 15 contains a covered background area. In Fig. 15, it can be assuned
that the object <corresponding to the foreground is a rigid body noving
with constant velocity, and that it is nmoving such that it is 15 displayed
four pixels to the right in the subsequent frame. Accordingly, the anount
of novenment v is 4, and the nunber of virtual divided portions is 4. For
exanpl e, the foreground conponent of the |leftnost pixel of frame #n-1 in

Fig. 15 corres to the first ortion of t shutter time/v from
then ¢ he EORSEEAE A St oncda SHRTAF SREh e PO REnE ISt he
second prxctr fromthe left, in H%% 15 corres ndr 0 the second portion
of the sKETESEEAP™ A IRES (& ST, 68%’ W& is also F12/v. The

f t f t hi.rd. 2 R '

cor  espoRd e ey 4% B oA oln%toflr{ %e”r‘o L STRAPREm when

t he shut ]?@_.% d @ggp t feid Ady |
frgmS tjhtg & %Fen 1% cor?‘ggI gﬁﬁ%ﬁ‘%{?‘o t%ﬁe oeri Opcl)lre'[]:%or?%%f' tﬁexe
shutter tdJyels »éfgornem{t\@h% the Sf%tftetgeroubes 10RARGA & &P FLg/ v. The foreground

conmponent of t t'nost pi xel
horizontally moving with respect to the screen.

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

Pixels in the foreground area, the background area, and

10 the mixed area are extracted from one of frames #n through
#n+2, and the amount of movement v is set to 4. A model
obtained by expanding the pixel values of the extracted
pixels in the time direction is shown in Fig. 13.

Since the object corresponding to the foreground is

15 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
pixels in the foreground area shown in Fig. 13 consists of
FOl/v, F02/v, F03/v, and F04/v. That 1s, the pixels in the

20 foreground contain motion blur.

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

25 motion blur.



#n-1 in Fig. 15 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened is F11/v. The foreground conponent of the
second pixel fromthe left 10 in Fig. 15 corresponding to the third portion
of the shutter tine/v fromwhen the shutter has opened is also F11/v. The
foreground conponent of the third pixel fromthe left in Fig. 15
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened is F11/v. 15 The foreground conponent of the |eftnost

pi xel of frame #n-1 in Fig. 15 corresponding to the third portion of the
shutter tinme/v fromwhen the shutter has opened is F10/v. The foreground
conponent of the second pixel fromthe left in Fig. 15 corresponding to

the fourth f the 20 shutter tine/v fromwhen the shytter h
opencd 1 s al SE"PROATL TRACPS: o %ﬁrﬁdmé%eﬁﬁéﬁérﬁ%mw?ﬁétﬂéef S pixel of

frame #n- ondi ng to.the four ion the shutter
time/v f rc(])O \r/]ﬁn %tahcjkgsrhoq't aB:n‘:"aas oorgeartle 9% ¢ q)‘%q??c e&e

correspo t W b conponent
of the sg'gJ c%??%pﬁnggékg%}ontf¢§6qé§%§;%H4:g§§a r§ (% %@%

cor respondi ngat gekhe s i bt leogtlveﬂ gE1bheo ghet kel BB/ fltlt ampghen the

shutter has opened is BOl/v he background conponents o hird pixel

from ghe dygfdndfng raneHEn -tk cﬂlectli%rpoaﬂéﬁﬁm R 1dL diefd rst and
second portions of the shutter time/v from when the shutter has opened are

;302/ V. #T@ia_m%mmﬂ arGOAaReREs Afdd-hefawd hpixglidramdhed eft of
e nframes and which are located at the same positions when the |
frames are overlapped when the image corresponding to the
object is moving. For example, when the image corresponding
10 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.
Fig. 14 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 stationary background and which are
located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies
20 to the other frames.
The pixel values B0l through Bl2 shown in Fig. 14 are
pixel values corresponding to the stationary background
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in

25 frame #n-1 through frame #n+l do not change. For example,



in Fig. 15 corresponding to the first through third portions of the
shutter tinme/v fromwhen the shutter has opened are 10 BO3/v. In frame
#n-1 in Fig. 15, the leftnost pixel fromthe |eft belongs to the _
foreground area, and the second through fourth pixels fromthe |left bel ong
to the mxed area, which is a covered background area. 15 The fifth
through twelfth pixels fromthe |left of frame #n-1 in Fig. 15 belong to

t he background area, and the pixel values thereof are B04 through Bl1,
respectively. The first through fifth pixels fromthe left in frame #n in
Fig. 15 belong to the foreground area. The foreground 20 conponent in the
shutter tinme/v in the foreground area of frane #n is any one of FO5/v

for oorourdd 4T Gih %eaﬁ%v.a%g& W HgHE At & H: s ﬁfr{}?l”%tlh‘iﬂai ¥ is
o ght i T Supsc e g i O S bR S RN conponent

of “the fifhinging i Jrfy&&$thquavef{ﬁ3¢§0n1mhe;@g}é&ﬁforrespond'ng to

the first portion of the shutter tine/ utter has opened

is F12/v, andrihe fier QQEQH@ga%@ganﬁBHeqf obl8 i Redl as? e&?zaﬁhlk ogpthe left
in Fig. 15 correésponding to the second portion of fhe hutte tinme/v from

when §he wlutdiele dl&%&ﬁ%l?ﬁd;ﬂeslgﬁﬂx%lé:k&ﬂbh e faregiaund Lomanghfe of the
seventh pixel fromthe left in 15 correspondlng to the
in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 15 together with an object corresponding to a
stationary background and which are located at the same
10 positions when the frames are overlapped. The model shown
in Fig. 15 contains a covered background area.

In Fig. 15, it can be assumed that the object
corresponding to the foreground is a rigid body moving with
constaﬁt velocity, and that it is moving such that it is

15 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.

For example, the foreground component of the leftmost

pixel of frame #n-1 in Fig. 15 corresponding to the first

20 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
portion of the shutter time/v from when the shutter has
opened is also F12/v. The foreground component of the third

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



third portion of the shutter tine/v fromwhen the shutter 10 has opened and
the foreground conponent of the eighth pixel fromthe left in Fig. 15
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened are F12/v. The foreground conponent of the fifth pixel
fromthe 15 left of frame #n in Fig. 15 corresponding to the second
portion of the shutter tine/v fromwhen the shutter has opened is F11l/v.
The foreground conponent of the sixth pixel fromthe left in Fig. 15
corresponding to the third portion ofszhe shutter tinme/v fromwhen the
shutter has 20 opened is also F11/v. The foreground conponent of the
seventh pixel fromthe left in Fig. 15 corresponding to the fourth portion

of the shutter tine/ly fromwhen the shutter _has ened i.s Fl11/v. The
f or egr ouR® *¢dBor? ntt¥18f & A5 ttﬁ'mﬁ/;el%trrof‘br’ﬁhteﬁ’e t%%s FREES3 BASame #n in

Fig. 15 correspaonding tq the third - 55 rti of the shutter tine/v from
when 1 he BRHEEh AN dheo derddmond] GRIPoRY Gt Surid ot HER: G oFhe
sixth pixel (frgm.the..l eft i n _Fi g r i tQ.t fQurt portion
of “the SR AP B § T ok e R SR Wt B R B 67 e

f oregroung c t f | | %8le fQmpddie 1 af f Ly #n in Fig.
15 corresp(()en%irirl]r%lgrﬁfegI t’? ee/?rﬁ&fﬁo&rﬁ B’gre'ltﬁl )éc(r?eo hﬂ?e shlﬂlta%eﬁop%nr?g/ \a‘f&%rom when t he
shutter Rag pened is FO9/v. Since the object corresponding to the

background is
The foreground component of the leftmost pixel of frame

#n-1 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 second pixel from the left

10 in Fig. 15 corresponding to the third portion of the shutter
time/v from when the shutter has opened is also Fll1/v. The
foreground component of the third pixel from the left in Fig.
15 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened is Fll/v.

15 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 F10/v.

The foreground component of the second pixel from the left
in Fig. 15 corresponding to the fourth portion of the

20 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
the shutter time/v from when the shutter has opened is F09/v.

Since the object corresponding to the background is

25 stationary, the background component of the second pixel



10 stationary, the background conponent of the sixth pixel from the left
of frame #n in Fig. 15 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is B05/v. The background
conponents of the seventh pixel fromthe left of frame #n in Fig. 15
corresponding to 15 the first and second portions of the shutter tine/v
from when the shutter has opened are B0O6/v. The background conponents of
the eighth pixel fromthe left of franme #n in. Fig. 15 corresponding to the
first through third portion of the shsgter time/v fromwhen the shutter
has opened are 20 BO7/v. In frame #n in Fig. 15, the sixth through eighth
pi xels fromthe |eft belong to the m xed area, which is a covered

back . h th twel fi.h | s f the left of f

25 4m in e e BTG & BEoro &%P' REF TREBI 5 55 val nes
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constant “velocity, and that it is nmoving such that the for ground image is

di spl gyedd ae Biorahs sn@l e drido At dre o%i&&@lg@mttfe&arﬁmew AGGRy dingly,

t he foreground conponent of the ninth pixel
when the shutter has opened are B02/v. The background

components of the fourth pixel from the left of frame #n-1
in Fig. 15 corresponding to the first through third portions
of the shutter time/v from when the shutter has opened are

10 BO03/v.

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

15 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.

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

20 component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through F12/v.

It can be assumed that the object corresponding to thé
foreground is a rigid body moving with constant velocity,
and that i1t is moving such that the foreground image is

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



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

el eventh pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutter time/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel 20 frentthe 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 ninth pixel fromthe Ileft of

franme #n i 1 15 .correspondi ng, to the secon 25 portion of the
shutter ;i\l‘jcr(r!eé/}vdzjfrgjolrx ’V\ht(ehnet O SR Geneis Oo%eqéed f Js{ ) BiFelrhe
f oregrou f t i xel fr he left in Fig. ,15
corrgspon |O(r;118rgt}l(;.é1?hrgef_ rﬁ%gkeragrgept%}‘onlmo?%t%'e lgqlr?u(%%rgrresﬁoﬁle V9 r%’rn%neen t he
shutter fﬂ%s@%m&§ cf’q & & e+ bhe: sl aaraungd Yﬁpéﬂ)% tshQItféer]:e 5

e Ing to the

el eventh pixel fromth eft in Fig. 15 correspon ourth

portion ofad hgae?rm& Ly sid®/ v ddorenshen dde- Sl t&impdiishOReNed,d s F11/v.
n

The foregrou conponent of the ninth pixel fromthe left of frame #n+l in

Fig. 35 caxtespanding ddnm the tihifd 1nlG ppr tliS)rbd}frésBﬁJrﬁlq{gt & b/ v from
when the shutter has opened is F10/v. The foreground conponent of the tenth

second portion of the shutter time/v from when the shutter
has opened is also F12/v. The foreground component of the
seventh pixel from the left in Fig. 15 corresponding to the
third portion of the shutter time/v from when the shutter

10 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
Fl2/v.

The foreground component of the fifth pixel from the

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

20 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
has opened is Fll/v.

The foreground component of the fifth pixel from the

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



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

t he background is stationary, the background conponent of the tenth pixel
from 20 the left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter tine/v from whessthe shutter has opened is B09/v.
The background conponents of the eleventh pixel fromthe left of frane
#n+l in Fig. 15 corresponding to the first and second portions of the

hutter tjmnelv f t he .sh h d 10/ Th
backor ouRBe g8 o, mng}&“l‘?u‘éﬂar EHE e B From e et Bof 1 r ane

#n+l in F| 15 Conis g the f| st through t |rd portlon of the
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in Fig. weih n t gh tywslft t ft I to the
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pixel from the left of frame #n in Fig. 15 corresponding to
the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

Since the object corresponding to the background is

10 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
opened is BO05/v. The background components of the seventh
pixel from the left of frame #n in Fig. 15 corresponding to

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

20 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
background area.

The ninth through twelfth pixels from the left of frame

25 #n in Fig. 15 belong to the background area, and the pixel



in three frames of an i mage obtained by capturing an object corresponding
to a foreground that is noving to the right in 15 Fig. 17 together with an
obj ect corresponding to a stationary background and which are |ocated at -
the sane positions when the franes are overl apped. The nodel shown in
Fig. 17 contains an uncovered background area. In Fig. 17, it can be
assuned that the object 20 corresponding to the foreground is a rigid body
noving with constant velocity, and that it is nmoving such that it is

di spl ayed four pixels to the right in BBe-subsequent frane. Accordingly,

t he amount of novenment v is 4. For exanple, the foreground conponent of the
| eftmost 25 pixel of frame #n-1 in Fig. 17 corresponding to the first - 59

portion qf ¢ t. e/ r S er, has, opened is F13/v,
and the for ngFr\soung écee(;cgrrfpodnlte]%té/ooé ﬁ?eo sﬁcoén{@;f’ plpél%ée??%‘ﬁjt%'e left in Fig. 17
correspondi ng 4@ tMEe <SG ortii f. S ti v .framwien the
shutter has 5 openedsis a?gggﬁlgﬁyg%Tﬁgx%gghgroh%gﬁg%%%gﬁéﬁp %E%Fﬁb third

pi xel fr R deid fdq | m Fikte1 dhfy GOF r@8PORCh Bk dignd heeddil T dpyor i on. of the

shutter tine/v fromwhen the shutter has opened and the or egr ound

conponentfd)jedﬂtﬁ:ﬁd)wdn?d}iéfﬁd il GiRe tdifud @dd Eﬂnfi@-irﬁtﬁé’@@é@&ﬁh@ to
as

the fourth portion of 10 the shutter tinme/v fromwhen the shutter
openell arared k¥ VErahe HorledrOunty GHPWRMO Ofv ther Sepond pixel from the

|l eft of frame #n-1 in Fig. 17 corresponding to the first
It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that the foreground image is
displayed four pixels to the right in the subsequent frame.
10 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
has opened is F12/v, and the foreground component of the
tenth pixel from the left in Fig. 15 corresponding to the
15 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
third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth pixel
20 from the left in Fig. 15 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Fl2/v.
The foreground component of the ninth pixel from the

left of frame #n+l in Fig. 15 corresponding to the second

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



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

pi xel fromthe left in Fig. 17 corresponding to the first 20 portion of the
shutter tinme/v fromwhen the shutter has opened is F15/v. Since the object
correspondi ng to the background is stationary, the background conponents
of the leftnost pixel of frame #n-1-is7 R g. 17 corresponding to the second
t hrough 25 fourth portions of the shutter time/v fromwhen the shutter - 60
has opened are B25/v. The background conponents of the second pixel from

the left of frane -1 in ELg. rrespondi n t third and fourth

por ti ons “&F e +2 ﬁﬂtl}é’r tifr?(%/ \flofrr M §%ﬁtt rgqﬁc:;]se are B26/v.
5 The ba rQu 0 nent., of, t t hi.r, |er fro th f ane #n-1

| n Fig. %}%cgr %%s%‘o% ng'etféC tlherf'}:?gurtlhsdport|eoS Onfdnnt%e shlPtet gcrhlt /v from

when the 51to o*}asch%p%%h tek %HV/\; 'f'}o OQ:htjeh s’?mEét% b the

| ef t noSt p|x t hrou 5 xel & M xed area, which is

an 10 uncpeeled llga%'igrmm/@r eaThEh%or%lgﬂdantdﬁrengante\ég Idsh gplexel s from the
| eft of rame #n-1 in Fig. 17 belong to the foreground area. The
foregs ourd cRIRONGIKAS e fhama drt any FaRe afs kb3/resddnaugh de24ne
fourth portion of the shutter time/v from when the shutter
has opened is Fll1/v.
The foreground component of the ninth pixel from the.
left of frame #n+l in Fig. 15 corresponding to the third
10 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
portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
15 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.
Since the object corresponding to the background is
stationary, the background component of the tenth pixel from
20 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
pixel from the left of frame #n+l in Fig. 15 corresponding
to the first and second portions of the shutter time/v from

25 when the shutter has opened are B10/v. The background



15 The | eftnost pixel through the fourth pixel fromthe left of frame #n
in Fig. 17 belong to the background area, and the pixel values thereof are
B25 t hrough B28, respectively. It can be assuned that the object ~
corresponding to the 20 foreground is a rigid body noving with constant
velocity, and that it is noving such that it is displayed four pixels to
the right in the subsequent frame. Accordingly, the foreground conponent
of the fifth pixel fromthe left of frame #n .in Fig. 17 corresponding to
the first portion of 25 the shutter tigg/v fromwhen the shutter has opened
is F13/v, - 61 and the foreground conponent of the sixth pixel fromthe
left in Fig. 17 corresponding to the second portion of the shutter tinme/v

fromwhen_the shutter_has opened .is also _F13/v. The foreground conponent
of the sevaMHAPixeck r%’rﬁ SYP‘”f%]eg?}éfFEl’f%l FPm 159¢ or ¢ s pohd 41 ¢t tve third
portion of : tter tinme/y. fromwhen the shutter has opened and the
foregrou%‘ c%lt%'oﬁlergjntcoolfrﬁpeoré#/br}ﬁ h-%i 5 ‘%Jrliﬁﬁ tﬁér‘?‘éq}i "r}?ﬂquilb‘?rtﬁon
correspongd rt ortion qf the shutter tine/v fromwhen the
shutter @sn%péegseﬁd a:rgeroéilég]e\/{ov 1%r°ﬁ1ewq'feor}e %U%H‘%to%(}}?e%to%?n? f%F xth
pixel frogmthe left of frame #n in Fig. 17 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is F14/v.

Cor rcapondi ng o L Receagaad To ST e STt he SRurTer B g P EBm vhen t he
shutter KAkels from the left belong to the mixed area, which is a
covered background area.
Fig. 16 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.
10 15.
Fig. 17 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
15 Fig. 17 together with an object corresponding to a
stationary background and which are located at the same
positions when the frames are overlapped. The model shown
in Fig. 17 contains an uncovered background area.
In Fig. 17, it can be assumed that the object
20 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4.
For example, the foreground component of the leftmost

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



opened is also Fl14/v. The foreground conponent of the eighth pixel from
the left in Fig. 17 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is F15/v. 20 Since the object
correspondi ng to the background is stationary, the background conponents
of the fifth pixel fromthe left of frame #n in Fig. 17 corresponding to
the second through fourth portions of the shutter tine/v from when the
shutter has opened are B29/v. The background 25 conponents of the sixth

pi xel fromthe left of frame #n in --689 Fig. 17 corresponding to the third
and fourth portions of the shutter tinme/v fromwhen the shutter has opened
are B30/v. The background conponent of the seventh pixel from the left of

franme #n in Fiaq. orresponding to,the fourth 5 portion of the shutter
time/v frot %Ogh ci]%et%b%&q}"gtrt%stgi“b%e"n % BN \EHe SHYLHERF MRS n Fig. 17,
the fift i xel .thr the .seventh pixel fromthe |left_ belong to the

m xed ar gjfoér%# cr E?L;ég/g'rf Lﬁ{ﬁ%v@}eegonra%fg?ﬂémcoﬂ%%erfo et FRIP%hr ough
twel fth pis S e.left .of _.fra #n.in Fig. ..l7 helo to the

f or egr oulr?dl&gz'jrleaf.clr ett hbi'vaﬁeﬁffet il(r%l chJ'é';f f oni'r% egcroorlu]pned‘S paorqiedalnogf Q(TCF T #feond

. : . i el d f F13/
corr espoRdi NG drd ol%fij?gheg%lrﬂe t of Elgrf‘eﬁpﬁzi]oﬁrguv%é? thd ?srﬁ_{%teorn% v v

t hr ough F20/ v. nost pi xel the eig pi xel™ fromthe

left of fopmdny d1vd 3 A7 baNEdQJRARAHUNL AT& the third

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

10 the shutter time/v from when the shutter has opened are
F13/v.

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

15 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
opened 1s also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first

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

Since the object corresponding to the background is
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 17 corresponding to the second through

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



and the pixel values thereof are B25 through B32, respectively. It can be
assumed that the object corresponding to the 20 foreground is a rigid body
noving with constant velocity, and that it is nmoving such that it is

di spl ayed four pixels to the right in the subsequent frame. Accordingly,
the foreground conmponent of the ninth pixel fromthe left of franme #n+l
in Fig. 17 corresponding to the first portion of 25 the shutter tinme/v from
when the shutter has opened is F13/v, - 63 and the foreground conponent

of the tenth pixel fromthe Ileft in-Fgg.-17 corresponding, to the second
portion of the shutter time/v fromwhen the shutter has opened is also
F13/v. The foreground conponent of the eleventh pixel from5 the left in

Fi 17 di t t hi t f. th hut t ime/v f wh
The shut (85 rorRerist e e il ﬁog%cd{ﬁ?%&%%%&qsn%w STHRE (Wi fth pixel
fromthe%e&‘or}d r}%lfélg r1o7mc gheof?{'d'f]gf}aomth urrg h},%og} .Pn of the

shutter r'om en t has ope ed- ar'e 10 The

f oregroung, i 0 #n+l in
Fig. 17 cor resgongl nggot eé ?élpéls & ﬁtg%ﬁﬂ% rlf%rél% tgefr }?énrg/ v from when

t he shut tg{,{as ALY el es %Qé;pé‘,a‘n el event h
pi xel fromthe le t I'n gf%m @hé%rrespondlng to th secoﬁ%glgipd?flon of
the shut trefe tk!a[@(d&édr&f“é’é?ﬁﬂbﬁé]& B 418Sra gpsned 45kl S A or The

f oreground conponent of tmelfth plxel fromthe Ieft |n F|g 17

correspordidig t#h+tihen Fig. 17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in Fig. 17, the leftmost pixel through
the third pixel belong to the mixed area, which is an

10 uncovered background area.

The fourth through twelfth pixels from the left of
frame #n-1 in Fig. 17 belong to the foreground area. The
foreground component of the frame is any one of Fl3/v
through F24/v.

15 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,
respectively.

It can be assumed that the object corresponding to the

20 foreground is a rigid body moving with constant velocity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the fifth pixel from the left of
frame #n in Fig. 17 corresponding to the first portion of

25 the shutter time/v from when the shutter has opened is F13/v,



first portion of the shutter tine/v fromwhen the shutter has opened is
F15/v. 20 Since the object corresponding to the background is stationary,

t he background conponents of the ninth pixel fromthe left of franme #n+l
in Fig. 17 corresponding to the second through fourth portions of the
shutter tinme/v from when the shutter has opened are B33/v. The background
25 conponents of the tenth pixel fromthe left of frame #n+l in - 64 Fig.
17 corresponding to the third and fourth portions of the shutter tine/v
fromwhen the shutter has opened are- ¢B34/v. The background conponent of
the el eventh pixel from the left of frame #n+l in Fig. 17 corresponding to
the 5 fourth portion of the shutter tine/v fromwhen the shutter has

opened i s [v._In frame #n+l in Fig._17, the ninth through el eventh
pi xel s fra&ﬁB}ﬁhe IEFCIPHE Y COPPPE NP | e e P ek, frmidie i s an

: .10 The twmel fth pixel f the |eft of f #
R oAl 3 R PRI doat S IR L 0
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e shu ﬂug'ﬂé’p tVlII{é.l/Vt %Jﬂg{“g%fgglg}l% laél:lhg_ﬁ:r'é) r }‘{aagreopdegr}edo J!SS an]-nsly%‘one 0

through F16, respectively. ates a ~of"an ge obt ai ned
A I g TR
flagssi ndifeatidig tig WRiCh 10f & HUSHWRUUY A E&Bhd 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. 17 corresponding to the fourth portion of the shutter

time/v from when the shutter has opened are F13/v.

10 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
opened is Fl4/v. The foreground component of the seventh
pixel from the left in Fig. 17 corresponding to the second

15 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
first portion of the shutter time/v from when the shutter
has opened is F15/v.

20 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
second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background

25 components of the sixth pixel from the left of frame #n in



background area, a covered background area, or an uncovered 20 background
area the individual pixels of the input inmge belong by using the pixel
values of a plurality of franes, and supplies the flags to the '
m xture-ratio calculator 104 and the notion-blur adjusting unit 106 as the
area information. 25 The m xture-ratio cal culator 104 cal cul ates the

m xture - 65 ratio a for each pixel contained in the m xed area based on
the pi xel values of a plurality of frames and the area information, and
supplies the calculated mxture ratio @2to the foreground/ background
separator 105. 5 The foreground/ background separator 105 extracts the

f oreground conponent image consisting of only the foreground conponents

based on f.he pi.xel values of a plyrality o f s, .the area informtion,
and t he r#%&'uﬂe%rcﬁ’irc?szﬁor’éﬁﬂ’g s"{)?p%rieesttr{lﬁe‘; f%}%%td" Sporfdtit Cifgage to
the notiqn-bl yr . .10 adj usti uni t 106.. Th tion-blur adjyusting unit 106
adj usts ?Etl{lee aSLfrrltl)ll}n et (%flln}ﬁﬁvi gﬁf%‘l Jvlt)lecnoﬁ:tha% nsgld{%[{her[ ﬁbasf oorpeed}é r‘f’cfecgrrponent
imge b n far (P S i fr.qm-t

f or egr ound/ beﬁkgﬁgﬁem? s?gqg%%a gir %%g;g}%rhteeﬁlet r%%‘?%ne \L/ggeg{épn& ?rlglugplpIiklereocrir1 fromthe
mot i on detectile 107 Aadd s b id nfer nadlQn, ldpd d 1o the, Anea

specifying unit 103, an then outputs the foréeground conponent 1 nmage in

whi chs motddait 1 i Wr itheadiist@d ik AF 0eR%S ivied A adilistd 10 e amount  of

nmoti on bl ur
opened is B31l/v.

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

10 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
the period of the shutter time/v is any one of F13/v through
F20/v.

15 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,
respectively.

It can be assumed that the object corresponding to the

20 foreground is a rigid body moving with constant velocity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the ninth pixel from the left of
frame #n+l in Fig. 17 corresponding to the first portion of

25 the shutter time/v from when the shutter has opened is F13/v,



20 perfornmed by the i mage processing apparatus is described belowwth
reference to the flowchart of Fig. 19. In step Sli, the area specifying
unit 103 executes area specifying processing, based on an i nput inmage, for
generating area information indicating to which of a foreground area, a 25
background area, a covered background area, or an uncovered - 66

background area each pixel of the input imge belongs. Details of the area
speci fying processing are given below. The area specifying unit 103
supplies the generated area infornmatiggnto the m xture-ratio cal cul ator
104. 5 In step S11, the area specifying unit 103 may generate, based on
the input inage, area information indicating to which of the f or egr ound

, th d th d di th h
o %el borBHgE Ro §?eg%‘%§%‘gd8%aeeﬁssana?aFﬁée%sﬁgﬁgﬁaés oEsm %%grﬁLnS“
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area is covere round area or an uncovere gr OUI’I ar ea. For

exanpl e, Fhﬁ/%he %ﬁe'@BEE Bmﬂbﬁgﬁ%e@f'@h%hélgbgﬁEhoblkBE fF@ppOr ound
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background area. If the input inage is disposed in the order of the

backgroupdeakgartbherihied area wasd the dluteeeghadndpanea kAdtkee
direction of the notion vector, it is
foreground component of the twelfth pixel from the left in
Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are Fl3/v.

10 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 the shutter has
opened is Fl4/v. The foreground component of the eleventh
pixel from the left in Fig. 17 corresponding to the second

15 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
first portion of the shutter time/v from when the shutter
has opened is F15/v.

20 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
second through fourth portions of the shutter time/v from
when the shutter has opened are B33/v. The background

25 components of the tenth pixel from the left of frame #n+l in



determ ned that the m xed area is an uncovered background area. In step
S12, the mxture-ratio calculator 104 calculates the mxture ratio a for
each pixel contained in 25 the m xed area based on the input inage and the
area - 67 information. Details of the m xture ratio cal culating
processing are given below. The m xture-ratio calculator 104 supplies the
calculated m xture ratio a to the foreground/ background separator 105. 5
In step S13, the foreground/ background separator 105 extracts the
foreground conponents fromthe input-igmge based on the area information
and the mxture ratio a, and supplies the foreground conponents to the
notion-blur adjusting unit 106 as the foreground conponent image. 10 In
step S14,_.the tion-blur adjusti uni.t, 106 ener ates, based on the

ot | on VBT @ TS SRR T ot ot L& 4O tp SRy dhat

i ndi cat es.,t he siti.qQns of consecuti v i xel.s disposed in fhe noving
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nmotion blur are given below. 20 I'n st’ep S15, the’i nage processing apparatus
det er gi nepurMetdeRit e J¥ AaRS Ittty fdilesRedf e Wil emiegn. i f

has opened is B35/v.

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

10 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+1l
is any one of F13 through F16, respectively.

Fig. 18 illustrates a model of an image obtained by

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

Referring back to Fig. 2, the area specifying unit 103
specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered

20 background area the individual pixels of the input image
belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture-ratic calculator 104
and the motion-blur adjusting unit 106 as the area
information.

25 The mixture-ratio calculator 104 calculates the mixture



it is determned that the processing is not finished for the whole screen,
the process proceeds to step S14, and the processing for adjusting the
anount of notion blur for the 25 foreground conponents corresponding to
the unit of - 68 processing is repeated. If it is determined in step S15
that the processing is finished for the whole screen, the processing is
conpleted. In this manner, the inmage processing apparatus is 5 capabl e of
adj usting the amount of notion blur contained.in the foreground by
separating the foreground and the bacgground. That is, the inmge
processi ng apparatus is capable of adjusting the anount of notion blur
contained in sanpled data indicating the pixel values of the foreground

xkur o ERTS SR B kel SR o ARG ShAr oSO 05, | and
bl ock di SHBR TSR e S BRI OF He T (0 TR the ar ea
fPames Thitraci®h, Snd SIBAREY L LS G AL i d TR bl (0
frame of tar fiomag g (e B e A S i g por i on 205-1 reads
the gixel valye ebragdsshdnahedoRbral 9bphi-aw® 0 oisn WGl tENene

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 @, and

supplies the foreground component image to the motion-blur
10 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
foreground/background separator 105, the motion vector

15 supplied from the motion detector 102, and the area
information supplied from the area specifying unit 103, and
then outputs the foreground component image in which motion
blur is adjusted. |

The processing for adjusting the amount of motion blur

20 performed by the image processing apparatus is described
below with reference to the flowchart of Fig. 19. 1In step
S11l, the area specifying unit 103 executes area specifying
processing, based on an input image, for generating area
information indicating to which of a foreground area, a

25 background area, a covered background area, or an uncovered



area to which the pixel belongs is determ ned, and reads the pixel value
of the pixel of frame #n-1 | ocated at the sane 25 position as the

desi gnat ed pi xel of franme #n fromthe frane - 69 nenory 201, and
cal cul ates the absolute value of the difference between the pixel val ues.
The stationary/noving determ ning portion 202-1 determ nes whet her the
absolute value of the difference between the pixel value of frame #n 5 and
the pi xel value of frame #n-1 is greater than a preset threshold Th. If it
is determned that the absol ute val ue eaf -t he difference between the pixel
values is greater than the threshold Th, a stationary/noving determ nation
indicating "noving" is supplied to an area deternining 10 portion 203. |If

t det t f diff bet th
oi xel, val TeokfERmA e dd RO POk LB (PR mPdF cohage Be g,Fgg he pixel of
f # t he th hold Th
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203. A stationary/ noving erm ni ng por eads val ue

of a designedath pixel o chs ABMIL DN SMed e 1 SR {04 Whi Ch the pi xel
bel ongs is determ ned, and reads the 20 pixel va ue of the pixel of franme

#n+l Bocated an WhepsaIE, ROS W@k apddiedes) WAl 0 Hely Wedd A #n from
the frame nenory 201, and calculates t he "absol ut e value Q%% gﬁ%ference
bet ween thmsed xel tted uspu T hitmEde@) | Oed Y EYition indicating to

which of the foreground area, the background area, or the

mixed area (regardless of whether each pixel belongs to a

covered background area or an uncovered background area)

10 each pixel of the input image belongs. 1In this case, the
foreground/background separator 105 and the motion-blur
adjusting unit 106 determine based on the direction of the
motion vector whether the mixed area is a covered background
area or an uncovered background area. For example, if the

15 input image is disposed in the order of the foreground area,
the mixed area, and the .background area in the direction of
the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the

20 foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area.

In step S12, the mixture-ratio calculator 104
calculates the mixture ratio O for each pixel contained in

25 the mixed area based on the input image and the area



determ ning portion 202-2 determ nes whether the absolute 25 value of the
di fference between the pixel value of franme - 70 #n+l and the pixel value
of frame #n is greater than a preset threshold Th. If it is determned
that the absolute value of the difference between the pixel values is
greater than the threshold Th, a stationary/noving determ nation 5
indicating "noving" is supplied to the area determning portion 203. If it
is determ ned that the absolute value of the difference between the pixel
val ue of the pixel of frame #n+l and ghe- pixel value of the pixel of frane
#n is smaller than or equal to the threshold Th, the stationary/noving 10
determ ning portion 202-2 supplies a stationary/nmoving determ nation

i ndi [ d 3. Wh h
Stat i onarFREUERg et LPRERALFOR Fol BBl Il Prom™ B SCAETaRarPPmOvi ng
d 202- dic d
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the stati-gna ¥oﬁ5§9ba@ﬂ§r§% S ggg @gtbgdh@gtlng that the 20 pixel belongs

to the stationary area ress corresponding to the designated
pi xels of framg,#8:Lp §13de{ﬁé”E&k@@rébﬁ‘&?’ﬁ&QRQBQuB&aEE}t:QEQPM 284. \Wen the

stationary/ moving determ nation supplied from the stationary/noving

det er m nickg reeiki @Re2@3rdgirBdingat8mponents from the input image
based on the area information and the mixture ratio o, and
supplies the foreground components to the motion-blur
adjusting unit 106 as the foreground component image.

10 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
direction and belonging to any of the uncovered background

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

20 In step S15, the image processing apparatus determines
whether the processing is finished for the whole screen. If
it is determined that the processing is not finished for the
whole screen, the process proceeds to step Sl4, and the
processing for adjusting the amount of motion blur for the

25 foreground components corresponding to the unit of



25 "nmovi ng" or when the stationary/noving determnation - 71 supplied from
the stationary/ noving determ ning portion 202- 2 indicate "noving", the
area determ ning portion 203 determ nes that the designated pixel of frame
#n belongs to the noving area, and sets a flag that the pixel belongs to 5
the noving area in the address corresponding to the designated pixel of
frame # in the determ ning-flag-storing frame nmenory 204. \Wen the
stationary/ noving determ nation supplied from. the stationary/ noving

determ ning portion 202-1 indicates -1@g"stationary” and when the
stationary/ noving determ nation supplied fromthe stationary/ noving

~determ ning portion 202- 2 indicates "noving", the area determ ning portion

203 det t hat the desj gnat ed pi xel of franme #n+l belongs to a
cover ed ﬁ%ﬂidgiundga} ed, lﬁﬁﬁ‘%gts a flag indicating 15 that the designated

pi xel bel ongs v backarqund _ ar in.the address corresponding to
t he desi gnat eJLf& )q{'eﬁ% ec%r FAme n-ﬁn r?et%gq‘éet ' rﬁ%‘?gﬂqoﬁssstléﬂ A§ frane
menmory 20d:n Mgy t ey y/ termnation supplied from the
stat i onary/ Hovi ng éc}ﬁi Zérr?né ni ng por ’20#23‘“31 e e ] SHMRASEP or when

the stationar ynhmpwi;RY n@deherm | ppl the stationary/ novi ng
det er m ni ng portloﬁ 202- 27i'n |%a?g?§% ?gkﬁghary ERET 5%@& déternlnlng

Oncover ed Backar ound S, Shi Sec AT o 1RGSR b8 P 0" 1
desi gnat Gﬂ'lq)lﬁ@edlﬁlﬂﬁg%yt & eHh NGRE et BackH QUMY and the
background. That is, the image processing apparaﬁus is
capable of adjusting the amount of motion blur contained in
sampled data indicating the pixel values of the foreground
10 pixels,

The configuration of each of the area specifying unit
103, the mixture-ratio calculator 104, the
foreground/background separator 105, and the motion-blur
adjusting unit 106 is described below.

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

A frame memory 201 stores an input image in units of
frames. The frame memory 201 stores frame #n-1, which is
the frame one frame before frame #n, frame #n, and frame

20 #n+l, which is the frame one frame after frame #n.

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

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



- 72 area in the address corresponding to the designated pixel of frane
#n-1 in the determning-flag-storing frame nenory 204. The flag, which is
set in the determning-flag-storing frame nenory 204 by the area o
determ ning portion 203 is, for 5 exanple, a 2-bit flag. Wen the flag is

"00", it indicates a stationary area. Wien the flag is "01", it indicates
an uncovered background area. \Wen the flag is "10", it indicates a
covered background area. Wien the flag is "11", it indicates a nobving
area. 10 The determ ning-flag-storing gpame nmenory 204 individually stores
2-bit flags associated with the pixels, i.e., the flag indicating the area
of the designated pixel in frame #n-1, the flag indicating the area of the

desi gnat ed pixel,in frape #n, and the fl indicating the 15 area of the
desi gnat enben%f%lzq]h’ f?ﬁ%ﬂ%g}iﬁ%nﬁﬁeﬁ%@;%‘be‘@ﬂﬁ Mf urt? 103 fi ni shes
the . detergu j on.of the areas .of one frane, jhe determ ning-

fl ag- st orﬁ?lng@%?éaﬁn%e r?%en%%%/erb%“ DHRtRs, VA %t ea "\L}?ﬁ osr%?ﬁﬂﬁry/tq‘?%qu%gs of
frame #n+.. j.ch t | indi cat.i t he u covered($%$ round area,
t he novi n%ﬂaér}e%m% gsbtera‘{ﬁogﬁzzrdyj]qaragea%&g%ldb ?%é"q%eoighe?%dtrbeac Oglﬂh area are
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areas of one frame, the determning ag- st frame menory Shifts

the fbagsard (HAPI AL Zmide WY Grdule 4208 d il Latd NG e LnsQuered
background area, - 73
threshold Th. If it is determined that the absolute value
of the difference between the pixel values is greater than
the threshold Th, a stationary/moving determination
indicating "moving" 1s supplied to an area determining
10 portion 203. 1If it is determined that the absolute value of
the difference between the pixel value of the pixel of frame
#n and the pixel value of the pixel of frame #n-1 is smaller
than or equal to the threshold Th, the stationary/moving
determining portion 202-1 supplies a stationary/moving
15 determination indicating "stationary" to the area
determining portion 203.

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

20 pixel value of the pixel of frame #n+l located at the same
position as the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absolute

25 value of the difference between the pixel value of frame



the noving area, and the stationary area are set to frame Wen the area
specifying unit 103 finishes the determ nation of the areas of one frane,
the determning 5 flag-storing frame nenory 204 shifts the flag of frane
#n-1 in which the flag indicating the uncovered background area is set to
frame #n. \Wen the area specifying unit 103 finishes the determnation of
the areas of one frane, the determning- 10 flag-storing frane nenory 204
initializes frame #n-1. That is, when the area specifying unit 103 starts
to determne the areas of one frame, mpfldag is not set in frame #n-1
stored in the determning-flag-storing frame nenory 204. When the area
speci fying unit 103 starts to determne 15 the areas of one frane, the
flag indlcatln% S UnCOVﬁred ba%éground area is set in &rane #n stored in
the det &PfitnPRE- tPEgPL¥EH NG 1HFa 5045 HREARERe *RPBa3speci fyi ng
unit 103_star o det reas ne frane, fl Lndi cating

t he uncoPéFé& rﬁ& Qgpnhﬁd a&% hé Pﬁgﬁrﬂﬁ&ﬁgagﬁﬁé tﬁg ?ggP?B%Sry ar ea,
and the {lag '%%'% t'BQf%Ereg%%'B%t% %goj%% ig&eh”va&%%% §§+grzg%r%d in the
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background area 1S se
portion 203. If it is determined that the absolute value of

the difference between the pixel value of the pixel of frame
#n+l and the pixel value of the pixel of frame #n is smaller
than or equal to the threshold Th, the stationary/moving
10 determining portion 202-2 supplies a stationary/moving
determination indicating "stationary" to the area
determining portion 203.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
15 "stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicate "stationary", the area determining portion 203
determines that the designated pixel of frame #n belongs to
the stationary area, and sets a flag indicating that the
20 pixel belongs to the stationary area in the address
corresponding to the designated pixel of frame #n in a
determining-flag-storing frame memory 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates

25 "moving" or when the stationary/moving determination



The area determ ning portion 203 does not set a flag indicating the noving
area when a flag indicating the 5 uncovered background area or a flag .
indicating the covered background area is already set in the corresponding
address of frame #n. The area determning portion 203 sets a flag
indicating the covered background area in frame #n+l, which is stored 10
in the determ ning-flag-storing frame menory 204, in which the flag
indicating the uncovered background area, the flag indicating the
stationary area, and the flag indicating the noving area are set. An _
exanpl e of the processing performed by the area 15 specifying unit 103 is
descri bed below with reference to Figs. 21 through 25. Wen the object

Cor cohongt oL ELa ) otk OLRYT QL b Rar PP elbng AR EBER R 6T ehgrt faet ORe. shown
i i 214 i ; ; i t he,object |ocated at the _
Lgs??ighg%n%%%%%ggeby ni§§;56?§8P$%§% é%t?gmb%%$?iBﬂﬁﬁloﬁt29%+l(x,y) in

M £he d SEY n el obt ai ned by expandi ng
{Lapﬁe#?r%%tdirect?§ﬁ§t e pﬁ@% i@% Ees %fk?%éb%?§E$%e£&?sﬁﬁik%%2e§£y-side
: R . he, | | )
:‘gr;g?oﬁﬁ%}ﬁ%\g}l ectﬂ?g sh%'\%aﬁ] §Fi g. 22.%%?%%2@: e,Ingg’f fheele%g?/‘? n@o
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horizontal with respect to the screen,
designated pixel of frame # in the determining-flag-storing
frame memory 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
10 "stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicates "moving", the area determining portion 203
determines that the designated pixel of frame #n+1 belongs
to a covered background area, and sets a flag indicating
15 that the designated pixel belongs to a covered background
area in the address corresponding to the designated pixel of
frame #n+l1 in the determining-flag-storing frame memory 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
20 "moving" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202~
2 indicates "stationary", the area determining portion 203
determines that the designated pixel of frame #n-1 belongs
to uncovered background area, and sets a flag indicating

25 that the designated pixel belongs to an uncovered background



t he nmodel shown in Fig. 22 is a nodel obtained by expanding 5 in the tine
direction the pixel values of the pixels disposed on a |ine side-by-side.
In Fig. 22, the line in frame #n is equal to the line in frane #n+l. The
f oreground conponents corresponding to the object 10 contained in the
second pixel to the thirteenth pixel from the left in frame #n are
contained in the sixth pixel through the seventeenth pixel fromthe left in
frame #n+l. In frame #n, the pixels belonging to the covered background
area are the eleventh through thirteerh pixels 15 fromthe left, and the
pi xel s belonging to the uncovered background area are the second through
fourth pixels from the left. In frame #n+l, the pixels belonging to the
covered backgroun ar are the fifte t.hr h sgvente nth plxel from
the left “&hd Phg%plxgﬁseﬁelonglﬁﬁpfﬁ Ielthe %#%bvere cngbu & aﬁza are

the sixththroygh sighi mitelsutromihed ettty tha examle,shom in

Fig. 22, since or egroun conporient's contaln din franme

by four pixelsgy éegléganahfgﬁllstQstaﬁﬁueﬁ ObeTBYRIRRhg Ll 3945 Thepguber of

25 virtual divi ftirons is 4 1n accor ance w unt - of
movenent ffamd %%%%&ypbe”b&St&@WaQ@%e@eQ%r%lﬁﬁ%QQ%o&Ql%hXQb3Vékue%or0f t he

pi xel s belonging to'the mxed area in the frames before and after a
desi gnat @gtafpa®®e. & 2-bit flag. When the flag is "00", it indicates
a stationary area. When the flag is "01", it indicates an
uncovered background area. When the flag is "10", it
indicates a covered background area. When the flag is "11",
it indicates a moving area.
10 The determining-flag-storing frame memory 204
individually stores 2-bit flags assoclated with the pixels,
i.e., the flag indicating the area of the designated pixel
in frame #n-1, the flag indicating the area of the
designated pixel in frame #n, and the flag indicating the
15 area of the designated pixel in frame #n+1.
When the area specifying unit 103 finishes the
. determination of the areas of one frame, the determining-
flag-storing frame memory 204 outputs, as area information,
the flags of frame #n+l in which the flags indicating the
20 uncovered background area, the moving area, the stationary
area, and the covered background area are set.
When the area specifying unit 103 finishes the
determination of the areas of one frame, the determining-

flag-storing frame memory 204 shifts the flags of frame #n

25 in which the flags indicating the uncovered background area,



51n Fig. 23, the pixels belonging to a covered background area in frame
#n+l in which the background is stationary and the anmount of novenent v in
the foreground is 4 are the fifteenth through seventeenth pixels fromthe
left. Since the anmpbunt of novenent v is 4, the fifteenth through 10
seventeenth frames fromthe left in the previous frame #n contain only
background conponents and belong to the background area. The fifteenth

t hrough seventeenth pixels fromthe left in frame #n-1, which is one
before frame #n, contain only backgromad-conponents and belong to the 15
background area. Since the object corresponding to the background is
stationary, the pixel-value of the fifteenth pixel fromthe Ileft in frame

#n does qt chanqﬁgfrontthe val ue of the flfteenth i xel fromthe
left in rarre R R K Eheswlp?%?elty VHI S DF® t3RE sttieé@teh pi xel

fromthe | eft in frame #n does not change fromthe pixel value of the
si xteenth pixel fromthe Ieft in frame #n-1, and the pixel value of the

seventeenth pixel, tram.the Lgkt i brags 4n,d9es0et change from the pi xel
I

val ue of the seventeenth |x he [ef t rane - 77 That

is, the me@ﬁnlﬁhéfcﬁ%df#rtbacdaég #5e ,D&%+ ConSIIhI%Cg' xel s

bel onging to the covere kground area | f onIy
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Accordingly, the absolute value of the difference between
in which the flag indicating the uncovered background area

is set to frame #n.

When the area specifying unit 103 finishes the

determination of the areas of one frame, the determining-
10 flag-storing frame memory 204 initializes frame #n-1.

That is, when the area specifying unit 103 starts to
determine the areas of one frame, a flag is not set in frame
#n-1 stored in the determining-flag-storing frame memory 204.

When the area specifying unit 103 starts to determine

15 the areas of one frame, the flag indicating the uncovered
background area is set in frame #n stored in the
determining;flag—storing frame memory 204.
When the area specifying unit 103 starts to determine
the areas of one frame, the flag indicating the uncovered
20 Dbackground area, the flag indicating the stationary area,
and the flag indicating the moving area are set in frame
#n+l stored in the determining-flag-storing frame memory 204.

Accordingly, the area determining portion 203 sets a

flag indicating the stationary area or the moving area in

25 frame #n, which is stored in the determining-flag-storing



the pixel values is alnost 0. Thus, the stationary/noving determ nation
made for the pixels in frame #n and frane #n-1 corresponding to the plxels
bel onging to the covered background area in frame #n+l by the

stationary/ noving 10 determ ning portion 202-1 is "stationary". Since the
pi xel s belonging to the covered background area in frame #n+l contain
foreground conponents, the pixel values thereof are different fromthose
of frame #n consisting of only background conponents. Accordingly, the 15
stationary/ noving determ nation nade-fp4 +he pixels belonging to the m xed
area in frame #n+l and the corresponding pixels in frame #n by the
stationary/ moving determ ning portion 202-2 is "moving". Wen the

stati onarg/ rmawn{%gn (1? 92ror1i| nali'nl UL 8S ht quagpl o(inﬁ : gq gr’rg\#&n%ﬁcl S, s%pdol i ed

fromthe stationary/novirg deternlnlng por

st at i onamy/ Mg %g%%rqbngk;on result indicating "stationary" is supplied
fromthe statlonary/noving determ ning portion 202-1, as discussed above,

the area deteTﬂbnhBgap@éEb?ﬂl%QﬁgdBE§Egbﬂe§O§5dBQ§tnEQe Qrge%ﬁgpd'ng
pi xel s of frame #n+l belong to a"- covered backgroun area n Fig. 24,

in frame ik nehitl hﬁ%lbl@clsgre%um‘éxﬁ a %tl%td AR A d g eamount of

novenent v in the foreground’is 4, the pixels contained’ n an uncovered
backgs oungh cahed el ®a% Kighe user et rouglF 1feuritda iRiatalng fohemddRe deef t . Since

the anount of novenent v is 4, the second through fourth pixels
background area is already set in the corresponding address
of frame #n.

The area determining portion 203 sets a flag indicating

the covered background area in frame #n+l, which is stored

10 in the determining-flag-storing frame memory 204, in which
the flag indicating the uncovered background area, the flag
indicating the stationary area, and the flag indicating the
moving area are set.

An example of the processing performed by the area

15 specifying unit 103 is described below with reference to
Figs. 21 through 25.

When the object corresponding to the foreground is
moving, the position of the image corresponding to the
object on the screen changes in every frame. As shown in

20 Fig. 21, the image corresponding to the object located at
the position indicated by ¥Yn(x,y) in frame #n is positioned
at Yn+l(x,y) in frame #n+l, which 1s subsequent to frame #n.

A model obtained by expanding in the time direction the

pixel values of the pixels aligned side-by-side in the

25 moving direction of the image corresponding to the



fromthe left in the subsequent franme #n contain only background
conponents and belong to the background area. In franme #n+l, which is
subsequent to frame #n, the second 10 through fourth pixels fromthe left
contain only background conponents and belong to the background area.

Since the object corresponding to the background is stationary, the pixel
val ue of the second pixel fromthe left in frame #n+l does not change from
t he pi xel value of 15 the second pixel fromthe left in frame #n.

Simlarly, the pixel value of the thirgl pixel fromthe left in frame #n+l
does not change fromthe pixel value of the third pixel from the left in
frame #n, and the pixel value of the fourth pixel fronlthe left in frame

#n+l does not cha ge fron1the 0 pixel Valu he fourt % th
P B TSR IR b wrafirafe b 45, heom the

di th I L th k d
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to the pixels onging to th uncovered background are rane #n
the Sﬁat&%“%%ﬁ/%Q%bnal§e@%ﬁ%hﬁkﬂbn§1&%&tb%ﬁu%QZO% ithe' %E%Eﬂgnary Si nce

t he pi xels belonging to the uncovered background area in frane #n-1
contai n {9KeakeuNenCaMeARNts del-Bg-Riivel.
In Fig. 22, the line in frame #n is equal to the line
in frame #n+1.
The foreground components corresponding to the object
10 contained in the second pixel to the thirteenth pixel from
the left in frame #n are contained in the sixth pixel
through the seventeenth pixel from the left in frame #n+l.
In frame #n, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
15 from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from
the left. In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through
seventeenth pixels from the left, and the pixels belonging
20 to the uncovered background area are the sixth through
eighth pixels from the left.
In the example shown in Fig. 22, since the foreground
components contained in frame #n are moved by four pixels in
frame #n+l, the amount of movement v is 4. The number of

25 virtual divided portions is 4 in accordance with the amount




val ues thereof are different fromthose of frame #n consisting of only
background conponents. Accordingly, the 10 stationary/ noving determ nation
made for the pixels belonging to the mxed area in frane #n-1 and the
corresponding pixels in franme #n by the stationary/ noving determ ning
portion 202-1 is "noving". Wien the stationary/ noving determ nation result
15 indicating "noving" is supplied fromthe stationary/noving determ ning
portion 202-1, and when the stationary/noving determnation result
indicating "stationary" is supplied -frem-t he stationary/ noving determ ning
portion 202-2, as discussed above, the area determ ning portion 203
determ nes 20 that the correspondi ng pi xels of frane #n-1 belong to an

uncover ed, pagkground area. Fig. 25 illustrates deternination conditions
made by tﬁe area spé%ifying unit 103. When the determnation result for

the pixel in fy @&&@ég’g‘cqtseq}ﬁ él@g%lsac{‘%ea p@%&gze:snﬁ? MK nVaal A pixel in

frame #n+l to be proc and ane #n Tocat ed at

Lhe same pesiid 14 el Pl o Tl fied 1oeStal1 ORATYra M when the

determnation result for the pix in frame #n+ n pixel~in frame #n

locat ed abetdiee SH® dfBge PASdd i Hh @S tHcame Pi xel in frame #n+l is noving,
the area specifying unit 103 determnes that the pixel in frane #n+l

bel ongs to a qeveried 2B3ckaeOwigkedledelWiRfiidna et eigiidiald on result for
the pixel in frame #n
background area in frame #n+l in which the background is
stationary and the amount of movement v in the foreground is
4 are the fifteenth through seventeenth pixels from the ieft.
Since the amount of movement v is 4, the fifteenth through
10 seventeenth frames from the left in the previous frame #n
contain only background components and belong to the
background area. The fifteenth through seventeenth pixels
from the left in frame #n-1, which is one before frame #n,
contain only background components and belong to the
15 background area.

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

20 pixel value of the sixteenth pixel from the left in frame #n
does not change from the pixel value of the sixteenth pixel
from the left in frame #n-1, and the pixel value of the
seventeenth pixel from the left in frame #n does not change
from the pixel value of the seventeenth pixel from the left

25 in frame #n-1.



and the pixel in frame #n-1 |ocated at the sane inmage 10 position as the
pixel in frame #n is stationary, and when the determnation result for the
pixel in frame #n and the pixel in frame #n+l |ocated at the sane inage
position as the pixel in frame #n is stationary, the area specifying unit
103 determ nes that the pixel in frame #n belongs to 15 the stationary
area. When the determnation result for the pixel in frame #n and the

pi xel in frame #n-1 |located at the sane image. position as the pixel in
frame #n is noving, and when the determination result for the pixel in
frame #n and the pixel 20 in franme #n+l | ocated at the sanme inmage position
as the pixel in franme #n is noving, the area specifying unit 103

determnes th the pixel in_frame #n belongs to the nmovin area. \Wen the
deternination%%gguﬁf’fé % K& X5iterrd %rFFEhQ%Q§QQW-f%$%j# e pixel in frame
#n | ocat - ' -8 sition as the pixel in frame #n-1is
novi ng, ﬁod‘attvﬁ'ngén tcﬁlg{aa;e{erngl3 rPaJt)f’L%lngr)De%lucfrngfrbq thet €fx‘:*ecfv‘?]hec;rame #n
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pi xel in frame #n-1 bel ongs to an uncovere ground area.” As di scussed

aboves t he-cuma ipsE] FoHN G tuddIa19Red £ @5 tdier ot ound argp, the
background area, the
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n and frame #n-1
corresponding to the pixels belonging to the covered
background area in frame #n+l by the stationary/moving
10 determining portion 202-1 is "stationary".

Since the pixels belonging to the covered background
area in frame #n+l contain foreground components, the pixel
values thereof are different from those of frame #n
consisting of only background components. Accordingly, the

15 stationary/moving determination made for the pixels
belonging to the mixed area in frame #n+l1 and the
corresponding pixels in frame #n by the statignary/moving
determining portion 202-2 is "moving".

When the stationary/moving determination result

20 indicating "moving" is supplied from the stationary/moving
determining portion 202-2, and when the stationary/moving
determination result indicating "stationary" is supplied
from the stationary/moving détermining portion 202-1, as
discussed above, the area determining portion 203 determines

25 that the corresponding pixels of frame #n+1 belong to a



10 covered background area, and the uncovered background area. The area
specifying unit 103 requires the tine corresponding to three franes for
speci fying the foreground area, the background area, the covered _
background area, and the uncovered background area for one frame. 15 Fig.
26 illustrates an exanple of the area determnation result obtained by the
area specifying unit 103. In the input image corresponding to the result
shown in Fig. 26, the foreground object is noving fromthe left to the
right in the drawing. 20 It is seen thag the covered background area is
observed in the direction in which the foreground object is moving (right
side of Fig. 26), and the uncovered background area is observed in the

di rection, t |rect|on in which the foreground object is
novi ng (Ie t S?%eﬁé%§§}£ﬁhg %5 Fig. 27 is an enlarged viewillustrating
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amount of movement v is 4, the second through fourth pixels
from the left in the subsequent frame #n contain only
background components and belong to the background area. In
frame #n+l, which is subsequent to frame #n, the second

10 through fourth pixels from the left contain only background
components and belong to the background area.

Since the object corresponding to the background is
stationary, the pixel value of the second pixel from the
left in frame #n+l does not change from the pixel value of

15 the second pixel from the left in frame #n. Similarly, the
pixel value of the third pixel from the left in frame #n+1
does not change from the pixel value of the third pixel from
the left in frame #n, and the pixel value of the fourth
pixel from the left in frame #n+l1 does not change from the

20 pixel value of the fourth pixel from the left in frame #n.

That is, the pixels in frame #n and frame #n+1
corresponding to the pixels belonging to the uncovered
background area in frame #n-1 consist of only background
components, and the pixel values thereof do not change.

25 Accordingly, the absolute value of the difference between



specifying unit 103 is described below with reference to the flowharts of
Figs. 28 and 29. In step S201, the frame nenory 201 obtains an inmage of
frame #n-1, which is to be determ ned, through frame #n+l. 15 In step
S202, the stationary/ nmoving determning portion 202-1 determnm nes whet her
the determnation result for the pixel in frame #n-1 and the pixel in
frame #n located at the sane position is stationary. If it is determ ned
that the determnation result is stationary, the process proceeds to 20
step S203 in which the stationary/ nevi7eg determ ning portion 202-2

determ nes whether the determnation result for the pixel in frame #n and
the pixel in frame #n+1l |located at the sane position is stationary. If it

i s det ined,i t S203 that the_.det i_nat i 25, | t, for._th i xel
0 frame PR BAGOEnESREREl SPnotPauE Anil1iugs TocALEY AT LHL SR B os 1| on

S Stati quaty, the progess BLockedsia1st9R 204 L. SLep (5204, 4LiS area

determ ning “porti I'ch indica th t he pixel to be

processe I Q1 ti ¢ is 0 isng address of
P one” eColabaeRgiae b BHabONY Poengits R6 Easorsesnandg oo e

process pheR RLAGeed$eho 1nSFeRma2da: vhf the is%a‘%@b%%’i‘f adviipgStep S202 that
the determnation result for the pixel in frame #n-1 and the pixel in

franmes #ngel@rheeahedpat-tibe 980R2PesI Mis@R tiSnARYINYg, or if it is deternined
in step S203 that the determination result for
Since the pixels belonging to the uncovered background
area in frame #n-1 contain foreground components, the pixel
values thereof are different from those of frame #n
consisting of only background components. Accordingly, the
10 stationary/moving determination made for the pixels
belonging to the mixed area in frame #n-1 and the
corresponding pixels in frame #n by the stationary/moving
determining portion 202-1 is "moving".
When the stationary/moving determination result
15 indicating "moving" is supplied from the stationary/moving
determining portion 202-1, and when the stationary/moving
determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-2, as
discussed above, the area determining portion 203 determines
20 that the corresponding pixels of frame #n-1 belong to an
uncovered background area.
Fig. 25 illustrates determination conditions made by
the area specifying unit 103. When the determination result
for the pixel in frame #n-1 located at the same image

25 position as a pixel in frame #n+l to be processed and for



the pixel in frame #n and the pixel in frame #n+l |ocated at the sane
position is nmoving, the pixel to be processed does not belong to a
stationary area. Accordingly, the 15 processing of step S204 is skipped,
and the process proceeds to step S205. In step S205, the stationary/ noving
determ ning portion 202-1 determ nes whether the determ nation result for
the pixel in frane #n-1 and the pixel in frame #n |located at the 20 sane
position is noving. If it is determned that the determnation result is
novi ng, the process proceeds to step- &206 in which the stationary/ noving
determ ning portion 202- 2 deternines whether the determination result for
the pixel in frame #n and the pixel in frame #n+l | ocated at the sane 25
position s nmoving., - B84 1f it is determned in step.S206 that .the

det er ni nat ok > Fes diit f?r&met e E)Liof teldtn & SHE #?r‘?nbenfqpsr}glﬁr&&s i rame #n+l
| ocat ed af, the.sa Siyti.gn.is 1.ngQ, e _pr ) roceeds to step S207.
In step %ﬁ'@‘?ﬁ t%er%rag% (#e +gr njﬁsnis%\éplor alryr]f f%fg%%c?é gcrhnel nes based on the

fl f f t, i h 1. 1g-:f - j f 204
ag o eac'é%nﬁ.%a% {Q4ne %_GISQI ltt %ordetth%r gl@geflg )}rjbafgaﬁcfo W9 arngln?cg@g mory

whet her the correspondi ng pi xel has read een determ ne e the

uncover e¢hiROKAOWG RS §& 1dcatled S Al Jhdl ithife GILiGSRANAING R xel has

not been determned to be the 10 uncovered background area, the process
procesgds éii@{e&t R $20fe #n11SLRPMIRA8g,! M A8 AARITIRIING RAYitd Q3203 sets

"11", indicating that the pixel belongs to the noving area,
determines that the pixel in frame #n+l belongs to a covered
background area.

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

10 position as the pixel in frame #n is stationary, and when
the determination result for the pixel in frame #n and the
pixel in frame #n+l1 located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to

15 the stationary area.

When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n i1s moving, and when the
determination result for the pixel in frame #n and the pixel

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

When the determination result for the pixel in frame

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



in the correspondi ng address of frame #n in stored in the

determ ning-flag-storing frane nenory 204. The process then 15 proceeds to
step S209. If it is determined in step S205 that the determ nation result"
for the pixel in frame #n-1 and the pixel in frame #n |ocated at the same
position is stationary, or if it is determned in step S206 that the
determ nation result for 20 the pixel in frame #n and the pixel in frane
#n+l located at the same position is stationary, or if is found in step
S207 that the correspondi ng pi xel hasgal +eady been determned to be the
uncover ed background area, the pixel in frame #n does not belong to a
novi ng area. Accordingly, the processing of 25 step S208 is skipped, and

t he process, .pr.oceeds .to st.ep .S209. - 85 In step S209, the

stati ona®y Tovi iy “det Bt pdt i Z#G?ql TS HiNfs Abrhe? (e

det er m nagi . g f ixel in.Jrame #n-1 and, the pixel i.n frane #n
%fét%r}n{l%sa[l‘qlon %resmec f%r %he‘t lxeai 1rn anlle[ q#ins c?ec?aeq,erd r?etd that 5

at the same posSI on1s noving 1s s ronary.

the det enlndidodn il (dss S LN JHRIPracersr gheads nd Quatep, S210

In step S210, t nary/ novi n et'ermni ng por erm nes

whet her the o 1d60erFP ARl 119017 8t LT d %&'%%elg.@ria;greﬂﬁzl%&d.%d ddre pixel

for frame #n+l at the same position is moving. . . etermned in
step §21QHNi e iGetreraMaatd-an 1 o esldi Jidiryt ha Hi X8led Bdang iy and the

pixel in frame #n+l at the sanme position is nmoving, the process proceeds
to step updkl.103n c@nS2kl tre atea gleddr MinifmRoHd-an O3B sA! So
an uncovered background area.
As discussed above, the area specifying unit 103

specifies the foreground area, the background area, the

10 covered background area, and the uncovered background area.
The area specifying unit 103 requires the time corresponding
to three frames for specifying the foreground area, the
background area, the covered background area, and the
uncovered background area for one frame.

15 Fig. 26 illustrates an example of the area
determination result obtained by the area specifying unit
103. 1In the input image.corresponding to the result shown
in Fiqg. 26; the foreground object is moving from the left to
the right in the drawing.

20 It is seen that the covered background area is observed
in the direction in which the foreground object is moving
(right side of Fig. 26), and the uncovered background area
is observed in the direction opposite to the direction in
which the foreground object is moving (left side of Fig. 26).

25 Fig. 27 is an enlarged view illustrating the top left



"10", indicating that the pixel belongs to the covered 15 background area,
in the corresponding address in frame #n+l stored in the

determ ning-flag-storing frame nmenory 204, and the process then proceeds
to step S212. If it is determned in step S209 that the determ nation
result for the pixel in frame #n-1 and the pixel in frame #n 20 |ocated at
the sanme position is noving, or if it is determned in step S210 that the
pixel in frame #n and the pixel in frame #n+l |ocated at the sane position
is stationary, the pixel in frane #n+2 does not belong to a covered
background area. Accordingly, the processing of 25 step S211 is skipped,
and the process proceeds to step S212. - 86 |In step S212, the

stati onary/ movi n ermnin ortion 02-1 .det er m nes ether th
deternin PFgﬁopegéﬁg%FoE%Fﬁggo N CRIe S Ak & -P%£%fqﬁ%§ o%eFeFHiFrane #n
| ocat ed a o%%ei sane p%%ition is noving. If it is determned in step S212 5

that the >dét'er m natiZ%on“résult is novi ng, the process proceeds to step S213

i which the st LLOPALYEAPYLG, LB ALY 09 ROLLRQN-B02R2 deLermpes

whet her the ermnation resu t he pi xel rame #n e pixe

in frameghint+l l;ocated sats fhe ;528 POt iR d S 13! %toiv%ril%rdy' 2% grdounly 1S

determ ned i n sfep_8213.that the determnation .result for the pixel in
frames #n saRd th@iRiately by A ame ritl 27 aeatRd jali Jee SATR HROSilghen s

stationary, the process “proceeds to step S214. In step S214, the area
det er mi nisngle PRI then FA03ggRnd @Fea Whidaltatedi eat @ ihhatigt.he7pi xeld to be
the uncovered background area indicated by C in Fig. 27 is
positioned at the left side of the foreground area. In Fig.
27, D indicates the background area.

10 The area specifying processing performed by the area
specifying unit 103 1s described below with reference to the
flowcharts of Figs. 28 and 29. In step S201, the frame
memory 201 obtains an image of frame #n-1, which is to be
determined, through frame #n+1l.

15 In step S202, the stationary/moving determining portion
202-1 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. If it is determined that the
determination result is stationary, the process proceeds to

20 step S203 in which the stationary/moving determining portion
202-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same position is stationary.

If it is determined in step $S203 that the determination

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



15 processed belongs to an uncovered background area, in the corresponding
address of frane #n-1 stored in the determning-flag-storing frane nenory
204. The process then proceeds to step S215. If it is determned in step
S212 that the determnation 20 result for the pixel in frame #n-1 and the
pixel in frame #n |ocated at the sane position is stationary, or if it is
deternmined in step S213 that the determination result for the pixel in
frame #n and the pixel in frame #n+l is noving, the pixel in franme #n-1
does not belong to an uncovered 25 bac&greund area. Accordingly, the
processing of step S214 - 87 is skipped, and the process proceeds to step
S215. In step S215, the area specifying unit 103 determ nes whether the

areas of l%c!att aod xﬁ‘les ke 'i‘gj!oq'g'ié ];sﬂa'{ J'jo%a ,t eff}{g neJ:doct hat the areas

of all the pixels are not yet speci fied, e process v urﬁf%CJstep
S202, and,theHLa | fop pr ess% j re&:}ﬁeat g | ni ng

pi xel s. %If It 1s doeter nszaﬁ in slft}gp 1%%@4& t eagfrjeearagz{eo‘#&gﬁn%t@e pi xel s
are specidd@ad,ord BB PrERess gyoceatH o el 3&16nad 16,4t

determ niF];lg-f Ioag-stori ng frame nenory 204l 10 out pauts 1't§(%1§%ﬁ%§1lg60001‘ ]J%rearre

#n+1 i ndiggiddi dd & SR A1 exatihdackrQind arga the covered
background area, or the uncovered background area as area information. In

step $21tothspiRicEmY RA-dd AW SFHAMY i e &MY trRO4Shddiside 1 ag
of franme #n to frame #n+l. 15 In step 5218, the determ ning-flag-storing
frame nmerfdrag-storing frame memory 204. The process then proceeds to
step S205.
If it is determined in step S$202 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
10 located at the same position is moving, or if it is
determined in step 5203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
15 processing of step S204 is skipped, and the process proceeds
to step S205.
In step S205, the stationary/moving determining portion
202-1 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
20 same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
S206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel in frame #n+l located at the same

25 position is moving.



204 shifts the flag of frame #n-1 to frame #n. In step S219, the

determ ning-flag-storing frane nenory 204 initializes franme #n-1, and the
process is conpleted. As discussed above, the area specifying unit 103 is
20 capabl e of generating area information indicating to which of the
noving area, the stationary area, the uncovered background area, or the
covered background area each of the pixels contained in a frane bel ongs.
The area specifying unit 103 rmay apply logical ORto 25 the area

i nformation corresponding to the uncevered - 88 background area and the
area information corresponding to the covered background area so as to
generate area information corresponding to the m xed area, and then may

generate area Jnf.Qrmati consisti.,ng aof flags indicating to 5 which of the

novi ng ar ea, tfhfg 12c[ ar’i (#ar{refng’rnee o s[q"r?éj rﬁazg)eGd tq‘aarted:ht% & HEFANGTC i xel s

cont ai ned, | ! iy hg obj ect. correspondi to fhe

foregr ouﬁrdé ais@:f%%?fqﬁer 3?1’?%% o \é};&eis]%%cﬁ y%)llr‘fg E}rl]?tplfb%?i]sn a]g’igaé“‘? ryb]eci fy

the novi r reci . 10, The . specif yi unit 103 is.able to

out put t h%wca%? almr)lf%}{rasfaiq{ééneéa’nsdll %a?rll nIﬂELgS ?ﬁcg\?lrr%%i n%ﬁ%r%go AT R RS
(iofggﬁl
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i nformation i cating the stationary area as the area 1hfiormation

i ndi cat i mp3 hes AskoraInh aean kst di$ s serhmboye, s I frap qheci fying
unit 103 is capable of generating area 1nformation 1 ndicating to which

determining-flag-storing frame memory 204 whether the
corresponding pixel has already been determined to be the
uncovered background area. If it is found that the
corresponding pixel has not been determined to be the

10 uncovered background area, the process proceeds to step S208.

In step 5208, the area determining portion 203 sets

"11", indicating that the pixel belongs to the moving area,
in the corresponding address of frame #n in stored in the
determining-flag-storing frame memory 204. The process then

15 proceeds to step $209.

If it is determined in step S205 that the determination

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

20 the pixel in frame #n and the pixel in frame #n+l located at
the same position is stationary, or if is found in step 8207
that the corresponding pixel has already been determined to
be the uncovered background area, the pixel in frame #n does
not belong to a moving area. Accordingly, the processing of

25 step S208 is skipped, and the process proceeds to step S5209.



of the noving area., the stationary area, the uncovered background area,
or the covered background area each of the pixels contained in a frame
bel ongs. The area specifying 20 unit 103 is able to generate area
information with a relatively small nenory space. Fig. 30 is a bl ock _
diagramillustrating an exanple of the configuration of the m xture-ratio
cal cul ator 104. An estimated-m xture-ratio processor 401 cal cul ates an 25
estimated mixture ratio for each pixel by calculating a - 89 nodel of a
covered background area based on the-igwput i mage, and supplies the
calcul ated estimated m xture ratio to a mxture-ratio determ ning portion
403. An estimted-m xture-rati o processor 402 calculates an 5 estinmated
of ,an uncovered

t t f I al cul ati a, nodel
backgr ound ;?sa‘)%asﬁégaﬁb?ﬁah hBGE TLPRAGE! PaRAnE . BFPER I PABICRPEH BPed

estimte t ratlo the n1 ture rati,o etern1n| portion 403.

Si nce i t%ga@n)ibé CASSUNESF %t ﬁ’ e(,dtet(?5 é’?g:c}r?d)i ﬁ&s tf(?rt % or egr ound
ratio a S¥te B TEeEY gt °%ntdy ! 'leﬁexfe“eaff;”t Bitrbits e 5781 ow ng
char act erjSsii a r Linegar | han ccording
to the p%?%ﬁf%%g I%hgﬁbgnﬁaqghgkéﬁgeﬁg 15 I theﬁgog%ﬁﬁgnalgghgﬁ 3 in the
pi xel s '%h%n%eng%@%bQ@%h r%suQQaQQe %Qtﬁ%%aQBXt%%% %%%h%s%xgggge%%s
represented l|inearly. e positional change int ixelsis

two- di nersi @Ralbp, S210. In step $210, the statlonary/mov1ng
determining portion 202-2 determines whether the
determination result for the pixel in frame #n and the pixel
for frame #n+l at the same position is moving.

10 If it is determined in step S210 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
at the same position is moving, the process proceeds to step
S211. 1In step S211, the area determining portion 203 sets
"10", indicating that the pixel belongs to the covered

15 background area, in the corresponding address in frame #n+l
stored in the determining-flag-storing frame memory 204, and
the process then proceeds to step S212.

If it is determined in step S209 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n

20 located at the same position is moving, or if it is
determined in step S210 that the pixel in frame #n and the
pixel in frame #n+l located at the same position is
stationary, the pixel in frame #n+l does not belong to a
covered background area. Accordingly, the processing of

25 step S211 is skipped, and the process proceeds to step S212.



change in the mxture ratio (X can be represented on a pl ane.

period of one franme is short, it can be 20 assuned that the object
corresponding to the foreground is a rigid body noving with constant
velocity. The gradient of the m xture ratio (X is inversely proportional

to the amount of npbvenent v within the shutter

An exanpl
gr adi ent

Si nce the

time of the foreground. 25

e of the ideal mxture ratio (Xis shown in Fig. - 90 31. The

1 of the ideal mxture ratio a in the mxed area can be

represented by the reciprocal of the- ggount of nmovenent v. As shown in
the ideal mxture ratio a has the 5 value of 1 in the background

Fig. 31,
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§éﬁé|ﬂ%sition is moving. If it is determined in step S212
that the determination result is moving, the process
proceeds to step S213 in which the stationary/moving
determining portion 202-2 determines whether the
determination result for the pixel in frame #n and the pi#el
in frame #n+l located at the same position is stationary.

If it is determined in step $213 that the determination

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

15

20

25

located at the same position is stationary, the process
proceeds to step S214. In step S214, the area determining
portion 203 sets "01", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
corresponding address of frame #n-1 stored in the
determining—flag—storing frame memory 204. The process then
proceeds to step S215.

If it is determined in step S$212 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is
determined in step S213 that the determination result for
the pixel in frame #n and the pixel in frame #n+l is moving,
the pixel in frame #n-1 does not belong to an uncovered

background area. Accordingly, the processing of step S214

, the
m xed



15 pixel value P06 is indicated by a pixel value B of the pixel in the
background area. That is, the pixel value Mof the pixel in the m xed ar ea
and the pixel value B of the pixel in the background area can be
represented by equations (5) and (6), respectively. 20 M= C06 (5) B =
PO6 (6) In equation (4), 2/v corresponds to the mxture ratio a. Since the
anmount of novenent v is 4, the mxture ratio a of - 91 the seventh pi xel
fromthe left in frame #n is 0.5. As discussed above, the pixel value Cin
the designated frane #n is consideredgmas-the pixel value in the m xed
area, while the pixel value P of frame #n-1 prior to frame #n is 5
consi dered as the pixel value in the background area. Accordingly,
equation (3) . indicating the m xture ratio can be represented by equation
i§ B A 2 %R

(7): C =13 ®kpppefy) apfetBer PrRCEFEaPrONSERS tRUSEEPeS“tRe sum of the

f oregr ound one E1lFi /v contained in the, de nat i xel. The
varlgbles con?%lﬁE iﬁgiéuaF 8naf?§ SPECT I8 PECEBE fb? ge%efﬁbnﬁfxture
ratio a % he %gg]frOf thg ound cgnp%Q%nESeCl§agllar&¥ nodel
obt ai ned ?pa Fn§ rFR°5t R Fi ' f5p&|rect|on ERECHTRSE varted |ﬁsmhich

the a”““ﬁ%t%&mqgég t'%h% %@Qa%h%f”%ﬁ?ekpgfE&&rﬁgakr@'% b{egeRortions is 4

in an uncover e groun area |I's snown
5 specified, the process returns to step S202, and the area

specifying processing is repeated for the remaining pixels.
If it is determined in step S215 that the areas of all
the pixels are specified, the process proceeds to step S5216.
In step S216, the determining-flag-storing frame memory 204
10 outputs the flag of frame #n+l indicating the foreground
area, the background area, the covered background area, or
the uncovered background area as area information.
In step S217, the determining-flag-storing frame memory
204 shifts the flag of frame #n to frame #n+l.
15 In step S218, the determining-flag-storing frame memory
204 shifts the flag of frame #n-1 to frame #n.
In step S219, the determining-flag-storing frame memory
204 initializes frame #n-1, and the process is completed.
As discussed above, the area specifying unit 103 is
20 capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covered background area each of the
pixels contained in a frame belongs.
The area specifying unit 103 may apply logical OR to

25 the area information corresponding to the uncovered



As in the representation of the covered background area, in the uncovered
background area, the pixel value C of the 20 designated frame #n is
considered as the pixel value in the m xed area, while the pixel value N of
frame #n+l subsequent to franme #n is considered as the background area.
Accordingly, equation (3) indicating the mxture ratio a can be
represented by equation (8). 25 C = a LI N+f (8) - 92 The enbodi nent has
been described, assum ng that the background. object is stationary.
However, equations (4) through (8) <a8be applied to the case in which the
background object is noving by using the pixel value of a 5 pixel |ocated
corresponding to the anount of novenent % of the background It is now
assuned, ,for exanml i_n _Fig t hat, t nt v.of the

ob] ect cgrrcégﬁgﬁar e e R B E TED oty R SREERL S S 1t el
di vi ded Rgr%g dsb%cﬂi}Jﬁ IS G& esow%%E th%@%ﬁh@ﬁ? cySesponding 10 to

t he background i's “Fovi e right prer val ue B of the

pi xel i nt| rht%ctli%rO%%Q‘r%rs%?%drlnﬁe%%att'h%n Ged ST SRRNeLDG i xel

val ue P04. Since equations each contain two var

m xture [abhleQad <L %%%t iRE I5laB N e ndi tha Wy adif1gRg 1 ntA Jah8 o gq'{%t ' Ons

Generally, an image has a strong spatial correlation, and accordingly,
pi xels | @@adiced o tHeOSR v i %irdat,y tifet @teet%retﬂyeraﬂéeve A Mg mikkgsane

pi xel values. Since the foreground conponents have a spatially strong
area the individual pixels contained in the frame belong.
When the object corresponding to the foreground has a
texture, the area specifying unit 103 is able to specify the
moving area more precisely.

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

15 As discussed above, the area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area,-or the covered background area each of the
pixels contained in a frame belongs. The area specifying

20 unit 103 is able to generate area information with a
relatively small memory space.

Fig. 30 is a block diagram illustrating an example of
the configuration of the mixture-ratio calculator 104. An

estimated-mixture~ratio processor 401 calculates an

25 estimated mixture ratio for each pixel by calculating a



correlation, the equation is nodified so that the sumf of 20 the

f oreground conponents can be deduced fromthe previous or subsequent frane,
thereby determ ning the mxture ratio a. The pixel value M of the seventh
pi xel fromthe left in frame #n in Fig. 34 can be expressed by equation
(9). 212 v = BO6 + F / v (9) v i=11- 93 The first term2/v of the
right side in equation (9) corresponds to the mxture ratio a. The second
termof the right side in equation (9) can be expressed by equation (10)-
by utilizing the pixel value in the subgsequent frame #n+l. iz io 5 F /[ v
Z/ v i=11i=7 (10) It is now assuned that equation (11) holds true by
utilizing the spatial correlation of the foreground conponent .

oS TOGIETET ST MG AT P T B, 0P R ¢
and supplies the calculated estimated mixture ratio to a
mixture-ratio determining portion 403,
An estimated-mixture-ratio processor 402 calculates an
5 estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the input
image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining portion 403.
Since it can be assumed that the object corresponding
10 to the foreground is moving with constant velocity within
the shutter time, the mixture ratio @ of the pixels
belonging to a mixed area exhibits the following
characteristics. That is, the mixture ratio O linearly
changes according to the positional change in the pixels.
15 If the positional change in the pixels is one-dimensional, a
change in the mixture ratio ® can be represented linearly.
If the positional change in the pixels is two-dimensional, a
change in the mixture ratio O can be represented on a plane.
Since the period of one frame is short, it can be
20 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

time of the foreground.

25 An example of the ideal mixture ratio @ is shown in Fig.



v (12) As aresult, (3 can be expressed by equation (13). P = 2/4 (13) 15
If it is assuned that the foreground conponents in the m xed area are
equal , as indicated by equation (11), equation (14) can hold true for all
the pixels in the m xed area because of the internal ratio. P = 1-a (14)
20 If equation (14) holds true, equation (7) can be developed into
equation (15). - 94 C=a P+ f Y+v-1 =a - P+ (1- a) - EFi/v (15 1=Y
=a -P + (1- a) -NSimlarly, if equation (14) holds true, equation (8) can
be devel oped into equation (16). C =a 0N+ f Y+v-1 =a - N+ (1 -a) - EFi/v
1=Y (16) aN+(1-(X)P 5 In equations (15) and (16), since C, N, and P are
known pi xel values, the variable contained in equations (15) and

31. The gradient 1 of the ideal mixture ratio O in the
mixed area can be represented by the reciprocal of the
amount of movement v.
As shown in Fig. 31, the ideal mixture ratio O has the
5 wvalue of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.
In the example shown in Fig. 32, the pixel value C06 of
the seventh pixel from the left in frame #n can be indicated
10 by equation (4) by using the pixel value P06 of the seventh

pixel from the left in frame #n-1.
CO06 = B06 /v +B06/ v +F01 /v +F02/ v
=P06 /v +P06/v +F0l/v+F02/v (4)

2
=2/v-P06+ ) Fi/v

i=1
In equation (4), the pixel value C06 is indiéated by a

pixel value M of the pixel in the mixed area, while the

15 pixel value P06 is indicated by a pixel value B of the pixel
in the background area. That is, the pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area can be represented by equations (5)
and (6), respectively.

20 M = CO06 (5)

B = P06 (6)
In equation (4), 2/v corresponds to the mixture ratio «.

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



(16) is only the mxture ratio a. The relationship anong C, N, and P in
equations (15) and (16) is showmn in Fig. 35. C is the pixel value of the
designated pixel in franme #n for 10 which the mxture ratio a is
calculated. Nis the pixel value of the pixel in frame #n+l |ocated at the
position spatially corresponding to the designated pixel. P is the pixel
val ue of the pixel in frame #n-1 located at the position spatially
correspondi ng to the designated pixel. 15 Accordingly, since one variable
is contained in each of equations (45pland (16), the mxture ratio a is
calculated by utilizing the pixels in the three frames. The condition for
sol ving the correct m xture ratio a by solving equations (15 and (16) is

foll b, 2 f d t
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t he nlxed area i.e
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of pixels being two tinmes the 5 anmount novenment v, nmnus ht. As

di scussedyiahoyeshd et 0d Xtu B d af i 9r 3f:§%tmé hen-Pi X6t Sor DL oI Ng £,0 the
covered background area is calculated by equation (17), and the m xture

ratiosa dorndiidredlss hed Qngidlg oL ide Mngy es fck paskod gk area is
calculated by 10 equation (18). a = (GN [/ (P-N) (17)
: Accordingly,.equation (3) indicating the mixture ratio O can
be represented by equation (7):
C = o [0P+£f (7)
where f in equation (7) indicates the sum of the foreground
10 components XI;Fi/v contained in the designated pixel. The
variables contained in equation (7) are two factors, i.e.,
the mixture ratio @ and the sum f of the foreground
components.
Similarly, a model obtained by expanding in the time
15 direction the pixel values in which the amount of movement
is 4 and the number of virtual divided portions is 4 in an
uncovered background area is shown in Fig. 33.
As in the representation of the covered background area,
in the uncovered background area, the pixel value C of the
20 designated frame #n is considered as the pixel value in the
mixed area, while the pixel value N of frame #n+l subsequent
to frame #n is considered as the background area.
Accordingly, equation (3) indicating the mixture ratio @ can
be represented by equation (8).

25 C = o [] N+f (8)



= (CGP) / (NNP) (18) Fig. 36 is a block diagramillustrating the
configuration of the estinmated-m xture-ratio processor 401. 15 A frane
menory 421 stores an input inmage in the units of franes, and supplies the
frame subsequent to the frame which is input as the input inmage to a frane
menory 422 and a mxture-ratio calculator 423. A franme nmenory 422 stores
an input inmage in the units 20 of franes, and supplies the frame
subsequent to the frane supplied fromthe frame nenory 421 to the
m xture-ratio calculator 423. Accordiagly, when frame #n+l is input into
the m xture- ratio calculator 423 as the input inmge, the frane nenory 25
421 supplies frame #n to the m xture-ratio calculator 423, - 96 and the

e I FE PR, R R T
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of the deS|gnate p|x rame e pi xe YThe glxel in
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out puts the cal cul at esti mat ed nlxture ratl o. For exanple, when the
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the background. It is now assumed, for example, in Fig. 32
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
portions is 2. 1In this case, when the object corresponding
10 to the background is moving to the right in Fig. 32, the
pixel value B of the pixel in the background area in
equation (6) 1s represented by a pixel value P04.
Since equations (7) and (8) each contain two variables,
the mixture ratio O cannot be determined without modifying
15 the equations. Generally, an image has a strong spatial
correlation, and accordingly, pixels located in close
proximity with each other have almost the same pixel values.
Since the foreground components have a spatially strong
correlation, the equation is modified so that the sum f of
20 the foreground components can be deduced from the previous
or subsequent frame, thereby determining the mixture ratio «.

The pixel value Mc of the seventh pixel from the left

in frame #n in Fig. 34 can be expressed by equation (9).

2 12
Mc=;~B06+ZFi/v (9)

i=11



the estimated m xture ratio of the designated pixel based on the pixel
value C of the designated pixel in franme #n, the 15 pixel value N of the

pi xel in frame #n+l |ocated at the same position as the designated pixel,
and the pixel value P of the pixel in frame #n-1 | ocated at the sane
position as the designated pixel, and outputs the cal cul ated estinated

m xture ratio. 20 In this manner, the estimted-m xture-ratio cal cul ator
401 cal culates the estinmated m xture rati o based on the input imge, and
supplies it to the mxture-ratio dete¥®i-ning portion 403. The

estimated-m xture-rati o cal cul ator 401 calculates 25 the estimated m xture
rati o of the designated pixel by - 97 solving equation (17). The operation
of the estimfed- .m xture-rati,o calculator.402.i.s simlar to t of the
st mat ed- i xCaPe tEero CEATCor % 5F F0T raRBepeibRat ™ RaCct8n 18}
esti mat ed-Jp ¢ 40 gal qul.at gr, 402 .calcul ates j e ti mat ed
m xture rat i%sﬁoﬁ%ewgegﬁgngﬁéﬁkpiexel y sol \a/llt ng Staaeq%élt%l (;Jr?%r(mlg))tf. ﬁﬁus, an
expl anat iRl diie 165 dqMBUEGT 06U Fd QubAledlad ¥y 402413 M tilggd. Fi 0.
37 illustrgtessaln exla_rrpldemof the( e)sti mat ed r’rfpg'lture_ rgtigl%_ga é)u a(te by the
esti mat e%a/_md{:tillri%jirn%} 1+ P AGRSS Qfa 1 kD i@%heT%k%%tc%d@qttEdfr‘&ﬁg Wrgqratio
shown in Fig. 37 isthe result represented by one 1ine when the anount of
novenent of the forgground object noving with constant velocity is 11.

It isSseed, Fas/ yhew® i g, Fiig/ W31, that the estinmated(10)

i=11 i=7

It is now assumed that.equation (11) holds true by
utilizing the spatial correlation of the foreground
component.

F=F05=F06=F07=F08=F09=F10=F11=F12 (11)

10 Equation (10) can be modified into equation (12) by

utilizing equation (11).

12 2
DFi/v=>="F

Il

i=11 v 4 (12)
}—3 B . — F
v
As a result, P can be expressed by equation (13).
B =2/4 (13)
15 If it is assumed that the foreground components in the

mixed area are equal, as indicated by equation (11),
equation (14) can hold true for all the pixels in the mixed
area because of the internal ratio.
B = 1-a (14)
20 If equation (14) holds true, equation (7) can be

developed into equation (15).



m xture ratio changes alnost linearly in the m xed area. 15 Referring back
to Fig. 30, the mxture-ratio determning portion 403 sets the m xture
ratio a based on the area information supplied fromthe area specifying
unit 103 and indicating to which of the foreground area, the background
area, the covered background area, or the 20 uncovered background area the
pi xel for which the mxture ratio ais to be calculated belongs. The

m xture-ratio determ ning portion 403 sets the mxture ratio a to 0 when

t he correspondi ng pi xel belongs to the34oreground area, and sets the

m xture ratio a to 1 when the correspondi ng pi xel 25 belongs to the
background area. \Wen the corresponding - 98 pixel belongs to the covered
backgr ourtd Ta®eaP tHe nixture- ratio deternining portion 403 sets the

m xture ratio a to the egstismated m xture ratio supplied fromthe
estinated-=nwkt@re-aaib©-pa§des$ov 401. When the coxtgspondi ng pixel 5

bel ongs to the uncovered baokground area, the m xture-ratio determ ning
portion 403 %et® +he moxtuwe ratio CCto the estinmated mixture ratio
supplied fromthe estimated-m xture- ratio processor 402. The m xture-ratio
det er mi ni ng pQE.ﬁn!iQHrl§93i9UEQH_E§iBHe_(ml)“Hb?déatkge(xegﬁh-@hoﬁa% een set
based on 10 the area information. Fig. 38 is a block diagramillustrating
anot her ceanblegdieateloned ihte Bouawien’ gtlieg .cal cul ator 104. A selector 441
suppl i es @@ -pigxely het onging to the covered background area and the
correspondi ng pixels in therevious

O-N+@L-0: D Fi/v (16)
i=y

=0 -N+@1—-0-P
5 In equations (15) and (16), since C, N, and P are known
pixel values, the variable contained in equations (15) and
(16) is only the mixture ratio ®&. The relationship among C,
N, and P in equations (15) and (16) is shown in Fig. 35. C
is the pixel value of the designated pixel in frame #n for

100 which the mixture ratio @ is calculated. N is the pixel
value of the pixel in frame #n+l located at the position
spatially corresponding to the designated pixel. P is the
pixel value of the pixel in frame #n-1 located at the
position spatially corresponding to the designated pixel.

15 Accordingly, since one variable is contained in each of
equations (15) and (16), the mixture ratio O is calculated
by utilizing the pixels in the three frames. The condition
for solving the correct mixture ratio & by solving equations
(15) and (16) is as follows. In the image object having the

20 same foreground components in the mixed area, i.e., in the

image object of the foreground which is captured when the



15 and subsequent frames to an estinmated-m xture-ratio processor 442 based
on the area information supplied from the area specifying unit 103. The
sel ector 441 supplies a pixel belonging to the uncovered background area -
and the corresponding pixels in the previous and subsequent frames 20 to
an estimated-m xture-rati o processor 443 based on the area information
supplied fromthe area specifying unit 103. The estimted-m xture-ratio
processor 442 cal culates the estimated m xture ratio of the designated

pi xel belonging to the covered backgr®sind area by the cal culation 25
expressed in equation (17) based on the pixel values input - 99 fromthe
sel ector 441, and supplies the calculated estimated mxture ratio to a

sel ect or T sti.mat.ed- m xt yr.e-rati o processor 443 cal culates the
esti mat eﬁ%ﬂéﬂrt?rrhglcfﬁqjo%& J‘tsnes)%c‘f’leucsj‘lOgnﬁ"lartye'd pixel ™ qbe"iaéﬁ"geisngocﬁjéﬁ%e
uncover e RAGKAY d _ ar. t : l.atj eXR. i n.equation (18)
based onqzt he pi xt%% \%xﬁegsé)?bﬁpst}ﬁ: Oﬁgén%f:ﬁ]tg ﬂshgelnéoct ordeaésf}si?)éannC es&pr)nﬁﬁees t he

cal cul at efhjetd MRESE IPHME "R Ithd hdNaFH e Hdb e ed on the area

information supplied fromthe area 10 specifying unit 103, the sel ector

444 sel eqtoy &f&ld@t&& e Wt idF il SHSidd @R hads e ratio
e

a when the esi gnat pi xel belongs to the foreground area, and sel ects
the esti iRt dTod o ehinto vl b tSeeS ddnstardthe nmixture ratio a when the

desi gnat ed pi xel belongs to the background 15 area. \Wen the designated
pi xel bel ongsAsodtibeueewdr @8dove, the mixture ratio O of the pixels
belonging to the covered background area is calculated by
equation (17), and the mixture ratio @& of the pixels
belonging to the uncovered background area is calculated by
10 .equation (18).
o = (C-N)/(P-N) (17)
o = (C-P)/(N-P) (18)
Fig. 36 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401.
15 A frame memory 421 stores an input image in the units of
frames, and supplies the frame subsequent to the frame which
is input as the input image to a frame memory 422 and a
mixture-ratio calculator 423.
A frame memory 422 stores an input image in the units
20 of frames, and supplies the frame subsequent to the frame
supplied from the frame memory 421 to the mixture-ratio
calculator 423.
Accordingly, when frame #n+l1 is input into the mixture-
ratio calculator 423 as the input image, the frame memory

25 421 supplies frame #n to the mixture-ratio calculator 423,



background area, the selector 444 selects the estimated mxture ratio
supplied fromthe estinmated-m xture-ratio processor 442 and sets it as the
m xture ratio a. Wien the designated pixel belongs to the uncovered
background area, 20 the selector 444 selects the estimated m xture ratio
supplied fromthe estimated-m xture-rati o processor 443 and sets it as the
m xture ratio a. The selector 444 then outputs the mxture ratio a which
has been sel ected and set based on the area information. 25 As di scussed
above, the m xture-ratio cal culator 1046--100 configured as shown in Fig.
38 is able to calculate the mxture ratio cc for each pixel contained in
the image, and outputs the calculated mxture ratio a. The cal cul ati on

processi N d And M M il LAUD i rlsgfe%gné)y#r}-me 8 X G AL 0

cal cul at or configure s di'scussed bel'ow with

reference-41a 4 he 1 flwcharg,of Fig. 39. In step S401; the mixture-ratio
cal cul ator 104 obtains area information supplied fromthe area specifying

unit 103. In $hepm$4Qarethatest LARLEd 218 Ma¥EULG1 LR @RI @RESSOr 401
executes the processing for estimating the mxture ratio by using a nodel

COr r esporegl tigha e GniGANATL S RACK PO WHE HA.grafttS HINd1eD fs%leﬁtﬂg{mt ed
mxture ratio to the mxture-ratio determning portion 403. Details of the

processi ngnfaaricest (1Tt idag ddh@nritHal e et ivalile @ o ditgelsred feltay with
reference to the flowhart of Fig. 40.

pixel in frame #n, the pixel value N of the pixel in frame
#n+l located at the position corresponding to the position
of the designated pixel, and the pixel value P of the pixel
#n-1 located at the position corresponding to the position

10 of the designated pixel, and outputs the calculated
estimated mixture ratio. For example, when the background
is stationary, the mixture-ratio calculator 423 calculates
the estimated mixture ratio of the designated pixel based on
the pixel value C of the designated pixel in frame #n, the

15 pixel value N of the pixel in frame #n+l located at the same
position as the designated pixel, and the pixel value P of
the pixel in frame #n-1 located at the same position as the
designated pixel, and outputs the calculated estimated
mixture ratio.

20 In this manner, the estimated-mixture-ratio calculator
401 calculates the estimated mixture ratio based on the
input image, and supplies it to the mixture-ratio
determining portion 403.

The estimated-mixture-ratio calculator 401 calculates

25 the estimated mixture ratio of the designated pixel by



In step S403, the estimted-m xture-ratio processor 402 executes the
processing for estimating the m xture ratio by wusing a nodel correspondi ng
to an uncovered background area, 20 and supplies the estinmated m xture
ratio to the mxture ratio determning portion 403. In step S404, the

m xture-ratio cal culator 104 determ nes whether the m xture rati os have
been estimated for the whole frame. If it is determined that the m xture
25 rati os have not yet been estimated for the whole frame, the - 101
process returns to step S402, and the proeessing for estimating the

m xture ratio for the subsequent pixel is executed. If it is determned in
step S404 that the m xture 5 ratios have been estimted for the whol e

frame, tg%lg;iqﬁ%eiseg]#a%%%eg@?)to sh& O?fée .rtaj{dl}losq';fpch 03, %gaecerg_xture-rati 0

det erm ni ng por S t'he 'm xt ased on ar ea

| nfor Ml i sHRlIAd Jf IS @22 BPAG T9iid d4nids 193, i Jhadi cating to

whi ch of e foreground area, the background area, the covered

backgr ounds @hRfe Qmilbdi® r MNGAURS & IRAGKAAUNG 1B @B it Ri®! i@y which the
mxture ratio a is to be cal cul ated belongs. The m Xture-ratio

det er mi nigdet iHd P i4A3 relrs dike JHPdRdIrRtdR 410l When 4 the _
correspondi ng pi xel belongs to the foreground area, and 15 sets the m xture

rati osa tdiflfemernt e ieRiders pandivie faxtlo Jdreltngsidsa drie dmeksraund, area.
When the corresponding pixel belongs to the covered background area, the
m Xt ure- solving equation (18). Thus, an explanation of the
estimated-mixture-ratio calculator 402 is omitted.
Fig. 37 illustrates an example of the estimated mixtﬁre
ratio calculated by the estimated-mixture~ratio processor
10 401. The estimated mixture ratio shown in Fig. 37 is the
result represented by one line when the amount of movement v
of the foreground object moving with constant velocity is 11.
It is seen, as shown in Fig. 31, that the estimated
mixture ratio changes almost linearly in the mixed area.
15 Referring back to Fig. 30, the mixture-ratio
determining portion 403 sets the mixture ratio O based on
the area information supplied from the area specifying unit
103 and indicating to which of the foreground area, the
background area, the covered background area, or the
20 uncovered background area the pixel for which the mixture
ratio @ is to be calculated belongs. The mixture-ratio
determining portion 403 sets fhe mixture ratio @ to 0 when
the corresponding pixel belongs to the foreground area, and

sets the mixture ratio @ to 1 when the corresponding pixel

25 Dbelongs to the background area. When the corresponding



ratio determning portion 403 sets the estimated m xture ratio supplied
fromthe estimated-m xture-ratio processor 20 401 as the mxture ratio a.
When the correspondi ng pi xel belongs to the uncovered background area, the
m xture-ratio determning portion 403 sets the estimated m xture ratio
supplied fromthe estimated-m xture-rati o processor 402 as the m xture
ratio a. The processing is then conpleted. 25 As discussed above, the

m xture-ratio calculator 104 is - 102 able to calculate the m xture ratio
a, which indicates a feature quantityggorresponding to each pixel, based
on the area information supplied fromthe area specifying unit 103, and
t he i nput inage 5 The processing for calculating the mxture ratio a
performe the m xture-ratio caI%ﬁJ tor 104 confl ure as , shown in Fig.

d.
38 is S|ﬁﬁ éihf%ﬂﬂgF di% s SR VK éﬂﬁ%ﬂ? el OWEREHE S5t Fi g.
39, d | anat th f t A d
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frane #n from the menor In ste ratio

C?Lgfﬁ?;%kl$%%soQba%%% udEyVéF@@'%%%m%r@%ﬁﬁrﬁr%%z e R walug B of the
P determining portion 403 sets the mixture ratio O to the

estimated mixture ratio supplied from the estimated-mixture-
ratio processor 402. The mixture-ratio determining portibn
403 outputs the mixture ratio ® which has been set based on

10 the area information. |

Fig. 38 is a block diagram illustrating another

configuration of the mixture-ratio calculator 104. A
selector 441 supplies a pixel belonging to the covered
background area and the corresponding pixels in the previous

15 and subsequent frames to an estimated-mixture-ratio
processor 442 based on the area information supplied from
the area specifying unit 103. The selector 441 supplies a
pixel belonging to the uncovered background area and the
corresponding pixels in the previous and subsequent frames

20 to an estimated-mixture-ratio processor 443 based on the
area information supplied from the area specifying unit 103.

The estimated-mixture-ratio processor 442 calculates

the estimated mixture ratio of the designated pixel
belonging to the covered background area by the calculation

25 expressed in equation (17) based on the pixel values input



frame #n-1 corresponding to the designated pixel contained 20 in the input
image. In step S423, the mxture-ratio cal culator 423 obtains the pixe
value N of the pixel in frame #n+l corresponding to the designated pixel
contained in the input inmage. In step S424, the m xture-ratio cal cul ator

423 25 cal cul ates the estimated m xture ratio based on the pixel - 103
value C of the designated pixel in frane #n, the pixel value P of the
pixel in frame #n-1, and the pixel value N of the pixel in frame #n+l. In

step S425, the mixture-ratio cal cul at 9 423 5 determ nes whet her the
processi ng for calculating the estimated mxture ratio is finished for the
whol e frane. it is determned that the processing for calculating the
estimateq re rati t finished for the wh frane, .the process
returns to esff?ect%her éggdess:&ngupgr i caecﬁaqtcur%‘ﬁHeﬁie e R éid

m xture t%f%OEa%ﬂ% sibsequent. . i %gl, is repeated. If it is deternmined in
step $42 t he processi ng or calculating the estimated m xture ratio

for the “h0|eThEr@Eg1h§tghnh§8@greLPgt960§§8§EngES4%9”E§g%ﬁgatégle o

di scussed above estinmated-m xture-ra rocessor s a

cal cul at @ Heh@ s haPRIE i WY @athd! b® Q%%@@e%ﬁg%@%ebngﬂkélwage' The
m xture-ratio estimati Nng processi ng per or med usi ng a nodel
COrr espom@ilRatidgt A WREOVRIRY RACK HaQUIF AP area by the
calculation expressed in equation (18) based on the pixel
values input from the selector 441, and supplies the
calculated estimated mixture ratio to the selector 444,
Based.on the area information supplied from the area
10 specifying unit 103( the selector 444 selects the estimated
mixture ratio 0 and sets it as the mixture ratio O when the
designated pixel belongs to the foreground area, and selects
the estimated mixture ratio 1 and sets it as the mixture
ratio O when the designated pixel belongs to the background
15 area. When the designated pixel belongs to the covered
background area, the selector 444 selects the estimated
mixture ratio supplied from the estimated-mixture-ratio
processor 442 and sets it as the mixture ratio ®. When the
designated pixel belongs to the uncovered background area,
20 the selector 444 selects the estimated mixture ratio
supplied from the estimated-mixture-ratio processor 443 and
sets it as the mixture ratio ®. The selector 444 then
outputs the mixture ratio & which has been selected and set
based on the area information.

25 As discussed above, the mixture-ratio calculator 104



20 in step $S403 of Fig. 39 is simlar to the processing indicated by the
flowhart of Fig. 40 perfornmed by using a nodel corresponding to the
uncover ed background area, and an explanation thereof is thus onmtted. The
estimated-m xture-rati o processor 442 and the 25 estinmated-m xture-ratio
processor 443 shown in Fig. 38 - 104 calculate the estimated m xture
rati os by performng processing simlar to that of the flowhart of Fig.
40, and an explanation thereof is thus omtted. The enbodi nent has been
descri bed, assuming that the 5 objectto®orresponding to the background is
stationary. However, the above-described processing for determ ning the

m xture ratio a can be applied even if the image corresponding to the

backgr ound AERLINLA U5 LANEEOT 2 XA I, WA duTags, ot espondi ng

to the bac area I's “uni y novi ng, e Xture-ratio

pr OCesso'inix%Q%resgiﬁg:ti% GV RN JiTRGe ddhAGGUAance Fﬁ%atn}ée, l4 on of

t he backgroun pertormnms processing In a nmanner simlar t'o e case in

which the a8G G 'RsReNdiRG tAihee hagky @und is stationary. If the
i mge corresponding to the 15 background area contains locally different

motions, the rgat bHREGUaREXhUp@oEBESOnBT 260580k MO%ktaekechgibhe pixels
corresponding to the notions as the correspondi ng pixels belonging to the

m xeds ar @ r fAtheeX BUHRS & tRIRQVE 4% IdNet IRItREeIDINGondA gThed as
estimated-m xture ratio cal culator 104 may execute
shown in Fig. 30 is discussed below with reference to the
flowchart of Fig. 39. 1In step S401, the mixture-ratio
calculator 104 obtains area information supplied from the
area specifying unit 103. In step S402, the estimated-

10 mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding
to a covered background area, and supplies the estimated
mixture ratio to the mixture-ratio determining portion 403.
Details of the processing for estimating the mixture ratio

15 are discussed below with reference to the flowchart of Fig.
40.

In step S403, the estimated-mixture-ratio processor 402
executes the processing for estimating the mixture ratio by
using a model corresponding to an uncovered background area,

20 and supplies the estimated mixture ratio to the mixture-
ratio determining portion 403.

In step S404, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated

for the whole frame. If it is determined that the mixture

25 ratios have not yet been estimated for the whole frame, the



only the mxture-ratio estimating processing for all the pixels by using a
nodel corresponding to the covered background area so as to output the
calculated estimated mxture ratio as the mxture ratio a. In this case,
the 25 mxture ratio a indicates the ratio of the background - 105
conponents for the background conponents of the pixels belonging to the
covered background area, and indicates the ratio of the foreground
conponents for the pixels belonging to the uncovered background area. For
t he pixels belonging 5 to the uncoveradibackground area, the absolute val ue
of the difference between the mxture ratio a and 1 is calculated, and

t he cal cul ated absol ute value IS set as the mxture ratio a. Then, the

i mge pr eSS|n ar at abI rnlne t he m xt ratio a

i ndi cat i %Cr Y6 éﬁa i'0 o t e ) At ounc§ nepéjnreonctessfld"rg U‘f;loer pi xel s

bel ongi n v xture- ratio
cal cul at garsttcl%&fq%n enc%%c%[ géjc‘%raﬁ )l}%{‘l%”% ur 6. ra | oeacies%ﬁt | ngri1 proceSS| ng

for all thge gl s by using a nodel corresponding to the uncovered 15
background area so as to output the calculated estimated mxture ratio as

the mixture rati QtaisTB%tgHﬁtlH’ée hat @epalsaulatgn tl%et Ra&t(a%cul ates the
m xture ratio (X by utilizing the characteristic in which the mxture

ratiosa lddigayd \naahanees ies dinsauess ab el As AHneUssrd AR, since
equations (7) and (8) each contain two variables, the mxture ratio (X
cannot béroceeds to step S405. In step S405, the mixture-ratio
determining portion 403 sets the mixture ratio based on the
area information supplied from the area specifying unit 103
and indicating to which of the foreground area, the
10 background area, the covered background area, or the
uncovered background area the pixel for which the mixture
ratio O is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratio @ to 0 when
the corresponding pixel belongs to the foreground area, and
15 sets the mixture ratio O to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered background area, the mixture-~
ratio determining portion 403 sets the estimafed mixture
ratio supplied from the estimated-mixture-ratio processor
20 401 as the mixture ratio 0. When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio
supplied from the estimated-mixture~ratio processor 402 as
the mixture ratio @®. The processing is then completed.

25 As discussed above, the mixture-ratio calculator 104 is



determ ned w thout nodifying the equations. The m xture ratio a linearly
changes in accordance with a change in the position of the pixels because
the object 25 corresponding to the foreground is noving with constant -
106 velocity. By utilizing this characteristic, an equation in which the
m xture ratio a and the sumf of the foreground conponents are
approximated in the spatial direction can .hold true. By utilizing a
plurality of sets of the pixel 5 values of the pixels belonging to the

m xed area and the pixel values of -t h@2pixel s bel onging to the background
area, the equations in which the mxture ratio a and the sumf .of the
foreground conponents are approxi mated are solved When a change in the

mxturer tIOt%ICtSi}CDQA(T&XI eda r%or%t[str%& Ilne f}iead:rn?lx%gre ratio a

can be exp essed

i ndi cat esd hcgle%o%_{ qlltftr:{,de%rv]\:/%% o gﬁ r#) so:c té[aﬁc glxtetle e5| at e%{kﬁl er IS

set to O, 5% e ralght e mxture
ratio a, And Areihe to%s 1P the St fe 4

m xture fﬁtlo 5 an r%18'['50 |%§?E§1es t e &?&?ure ra trg'degﬁbnated
pi xel . I nRoyald AR dk9)ima index i is known, and the gradlent 1 and the
intercept p are unknown. 20 The rel ationship anong the index i, the

gradl snt 1, ange bbscba&,%ge@brpcbicﬁma\e@_ngntﬁbgml%urbnrﬁwo 41, white

ots indicate a pixel e processed, and bl ack dots indicate
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 38 is similar to that discussed with reference
to the flowchart of Fig. 39, and an explanation thereof ié
thus omitted.

10 A description is now given of, with reference to the
flowchart of Fig. 40, the mixture-ratio estimating
processing by using a model corresponding to the covered
background area in step S$402 of Fig. 39.

In step S421, the mixture-ratio calculator 423 obtains

15 the pixel value C of the designated pixel in frame #n from
the frame memory 421.

In step S422, the mixture-ratio calculator 423 obtains
from the frame memory 422 the pixel value P of the pixel in
frame #n-1 corresponding to the designated pixel contained

20 in the input image.

In step $423, the mixture-ratio calculator 423 obtains
the pixel value N of the pixel in frame #n+l corresponding
to the designated pixel contained in the input image.

In step S424, the mixture-ratio calculator 423

25 calculates the estimated mixture ratio based on the pixel



pi xel s adjacent to the pixel to be processed. By approximting the m xture
ratio a as equation (19), 25 a plurality of different m xture ratios a for
a plurality of - 107 pixels can be expressed by two variables. In the
exanple shown in Fig. 41, the five mxture ratios for five pixels are
expressed by the two variables, i.e., the gradient 1 and the intercept p.
5 When the mxture ratio a is approximated in the plane shown in Fig. 42,
equation (19) is expanded into the plane by considering the novenent v
corresponding to the two directions- i108. -~ the horizontal direction and the
vertical direction of the inmage, and the mxture ratio a can be 10
expressed by equation (20). a = jmrkg+p (20) In equation (20), j is the

| ndex 1N J A nMFotAl Jdieplda Ak 45 ddgd Hex L g Merkhial

directio en the ©positio Si gnated pi n “equation

(20), m 35 ocfe?k&ni‘)tig(l%lt he, Mrzonial; oragd ecglfeeg{iféle JAPHUNE SRR @ 1N

the plane, and q indicates the vertical gra of the mxture ratio a in

the plangiJddl equatiar @), p indicates the intercept of the mxture
ratio a in the plane. For exanple, in frame #n shown in Fig. 32, equations

20 (21) through &23) sanshokdet puatlioe-EBeibheaugh1696r 4pgspectively. Q05
= a05CI B05/ v+f 05 (21) 006 = a06E] 306/ v+f 06 (22)

5 determines whether the processing for calculating the
estimated mixture ratio is finished for the whole frame. If
it is determined that the processing for calculating the
estimated mixture ratio is not finished for the whole frame,
the process returns to step S421, the processing for

10 calculating the estimated mixture ratio for the subsequent
pixel is repeated.

If it is determined in step S425 that the processing
for calculating the estimated mixture ratio for the whole
frame is finished, the processing is completed.

15 As discussed above, the estimated~mixture-ratio
processor 401 is able to calculate the estimated mixture
ratio based on the input image.

The mixture-ratio estimating processing performed by
using a model corresponding to the uncovered background area

20 in step S403 of Fig. 39 is similar to the processing
indicated by the flowchart of Fig. 40 performed by using a
model corresponding to the uncovered background area, and an
explanation thereof is thus omitted.

The estimated-mixture-ratio processor 442 and the

25 estimated-mixture~ratio processor 443 shown in Fig. 38



CO07 = aO7EIBO7/v+f07 (23) 25 Assum ng that the foreground conponents
positioned in - 108 <close proximty with each other are equal to each
other, i.e., that FOl1 through FO3 are equal, equation (24) holds true by
replacing FOL through FO3 by fc. f (x) = (1-a (x) )L'c (24) 5 In equation
(24), x indicates the position in the spatial direction. Wen a(x) is

repl aced by equation (20), equation (24) can be expressed by equation
(25). f (x) = (1- (jmtkg+p)) L'c 10 = j~(-mlFc) +k[](-qE]lFc) + ((1-p) LFc)
= js+kt+u (25) In equation (25) , (-mibe&) -, (-gLFc) , and (1-p) LFc are
replaced, as expressed by equations (26) through (28), respectively. 15 s
=-mFc (26) t =-g*Ec (27) wu (1- p)[Ic (28) In equation (25), j is

t he i nde i Z0 taI d| ectlon and k jex in the vertica
directi o)n& %thl@egfooc[ f%e e%om |or§{ S5 HE és T as[ ec}’ |5°e OFMIRG  As di scussed

above, 'mecésts AT éh@acg d#'&hd tyfo%c Caorrtre%sfp%n%oto 0

foregrou S noving MAt const a veIOC|ty MAt I'nt itter perlod and

that the af QAU SHOMRUILYS SROSIHILONGA d L L] 0se proximty with

The embodiment has been described, assuming that the
5 object corresponding to the background is stationary.
However, the above-described processing for determining the
mixture ratio @ can be applied even if the image
corresponding to the background area contains motion. For
example, if the image corresponding to the background area

10 is uniformly moving, the estimated-mixture-ratio processor
401 shifts the overall image in accordance with the motion
of the background, and performs processing in a manner
similar to the case in which the object corresponding to the
background is stationary. If the image corresponding to the

15 Dbackground area contains locally different motions, the
estimated-mixture-ratio processor 401 seleets the pixels
corresponding to the motions as the corresponding pixels
belonging to the mixed area, and executes the above-
described processing.

20 The estimated-mixture ratio calculator 104 may execute
only the mixture-ratio estimating processing for all the
pixels by using a model corresponding to the covered
background area so as to output the calculated estimated
mixture ratio as the mixture ratio O. 1In this case, the

25 mixture ratio @ indicates the ratio of the background



25 each other are uniform the sum of the foreground conponents - 109 can
be approxi mated by equation (25). Wen the mxture ratio a i s approxi mated
by a straight 1line, the sumof the foreground conponents can be expressed
by equation (2 9) . 5 f (x) =is+u (29) By replacing the mxture ratio a
and the sumof the foreground conponents in equation (9) by using
equations (20) and (25), the pixel value Mcan be expressed by equation
(30 . 10 M= (j mtkg+p) L+j s+kt+u =) BLMFKBWHBCL+] L +kDt+u (30) In
equation (30), unknown variabl es are g4i0% factors, such as the horizontal
gradient mof the mxture ratio a in the plane, the vertical gradient q of
the mxture ratio a in 15 the plane, and the intercepts of the mxture

A0 8 Iy RrS o i Tipis vol uc%qual%%he pi xel

value B are~se norna équa n accordance w e pixels
I t I I

equat i oﬁsef%%v%%t@n@%éﬁ% %ﬁv;ﬁdﬁ%‘%ﬁ% ¥R F;-I%ZI ) de ¥l B are

sol ved b%atdl% e hod gl d g%hn%q%r Lahid n%etl%%ﬁg'n;& Ure

ratio a. I'S now assune for exanple that the hori zont al

the desi g:'&:att@ﬂe md@vééﬁ%é@&urﬂ@ﬂé& 2F rertdHeC 31 dd1deh e oy ltn@e

desi gnated pixel is set to
5 to the uncovered background area, the absolute value of the

difference between the mixture ratio O and 1 is calculated,
and the calculated absolute value is set as the mixture
ratio . Then, the image processing apparatus is able td
determine the mixture ratio O indicating the ratio of the

10 background components for the pixels belonging to the
uncovered background area.

Similarly, the mixture-ratio calculator 104 may execute
only the mixture-ratio estimating processing for all the
pixels by using a model corresponding to the uncovered

15 background area so as to output the calculated estimated
mixture ratio as the mixture ratio .

The mixture-ratio calculator 104 that calculates the
mixture ratio O by utilizing the characteristic in which the
mixture ratio O linearly changes is discussed below.

20 As discussed above, since equations (7) and (8) each
contain two variables, the mixture ratio O cannot be
determined without modifying the equations.

The mixture ratio O linearly changes in accordance with
a éhange in the position of the pixels because the object

25 corresponding to the foreground is moving with constant



- 110 this case, when the pixel value Mor the pixel value Bis set in
the normal equation expressed by equation (30) for 3X3 pixels located in
the proximty with the designated pixel, equations (31) through (39) are
obtained. 5M1,-1 =(-1) L-1,-1h+ (-1) L-1,-1Li+B-1,-1L + (-1) E1+ (-1)

At +u(31) M, -1 =(0)EIBO,-1d n+(-1)El BO, - 1El g+Bo, - 1El p+(0) L+(-1) & +u (32)
M1, -1 =(+1) L+1,-1Eh+ (-1) L+1,-1E:iqg+B+1,-1L+ (+1) as+ (-1) Dt+u(33)
M1,0 = (-1)-1,oLM+(0)L-1,0L+B-1,0L+(-1)ds+(0)Dt+u(34) M),0 = (O)L
0,oltn+(0)L O, OLj +Bo, oDp+(0) as+(0) O—+uw(3H)- 10Mt1, 0 = (+1)L+1,0

+(0) L+1, oL+B+1, oLk+(+1) A s+(0) Ot +u(36) M1, +1 =(- 1) E] B-1, +1Eh+ (+1)

-1, +1EIq+B—1 +1EJD+ (-1) QB+ (+1) Dt+u(37) M, +1 =

(1) . S e g (T e A R e e R T ndex
Sesi Dot o8 1f}{je és rachd o Al e %’Frﬁ aéfl{}geexf(#cépl xeq i s equal

deS|gnated pl xe e mXxture ratio a e desSigna

to the valodids ade a‘%aﬂlﬂcl‘ﬁnaltse@ if @Pélaéﬂé)@la(%calréc m xture

ratio a is equal to the I'ntercept p in equation (2 Accor ng y, based on

the nine wauatiAns, ipye-utidd BGHAd Piuk3ty foOLgJéks( 3P tr{éﬁ%ﬂs&' zont al

gradient m the wvertical gradient q, and the intercepts p, s, t, and u are
cal cubat ethlhyed her nertdqsh xaf1 d ensitorsfiuay o @l riieed HRILaq tthé S output

as the mxture ratio a. A specific process for calculating the m xture
rati o a Rixdly afpled ef tire Eixwd del@aping qimrese ivadaagfddwWres, 111
the equations in which the mixture ratio O and the sum f of
the foreground components are approximated are solved.
When a change in the mixture ratio @ is approximated as

10 a straight line, the mixture ratio @ can be expressed by

equation (19).
a = il+p (19)
In equation (19), i indicates the spatial index when the
position of the designated pixel is set to 0, 1 designates

15 the gradient of the straight line of the mixture ratio «,
and p designates the intercept of the straight line of the
mixture ratio @ and also indicates the mixture ratio @ of
the designated pixel. In equation (19), the index i is
known, and the gradient 1 and the intercept p are unknown.

20 The relationship among the index i, the gradient 1, and
the intercept p is shown in Fig. 41. 1In Fig. 41, white dots
indicate a pixel to be processed, and black dots indicate
pixels adjacent to the pixel to be processed.

By approximating the mixture ratio @ as equation (19),

25 a plurality of different mixture ratios @ for a plurality of



When the index i and the index k are expressed by a single index x, the
rel ati onship anong the index i, the index k, and the index x can be
expressed by equation (40). x = (j+1)03+ (k+l) (40) 5 It is now assuned
that the horizontal gradient m the vertical gradient g, and the
intercepts p, s, t, and u are expressed by variables w0, W, w2, w3, w4,
and wb, respectively, and jB, kB, B, j, k and 1 are expressed by a0, al,
a2, a3, a4, and ab, respectively. In consideration of 10 the error ex,
equations (31) through (39) can be mpdiof7ied into equation (41). 5 Mk = E
ay wy + ex (41) y=0 In equation (41), x is any one of the integers fromO
to 8. 15 Equation (42) can be found fromequation (41). 5 ex = MK - | wy

(12 !S5 305 TS T ER SR VER R IE, A © T
_ 1 oex, (sﬁwrf(:i(r)l Iquo.r Qﬁr, Lt(?lemfrli\}g %’rﬁ.xt‘ghqreerrraq{i’ost r]_“EOJ:paf’iRziealpixels

are expressed by the two‘variables, i.e., the gradient 1 and

the intercept p.

5 When the mixture ratio @ is approximated in the plane
shown in Fig. 42, equation (19) 1s expanded into the plane
by considering the movement v corresponding to the two
directions, i.e., the horizontal direction and the verticél
direction of the image, and the mixture ratio O can be

10 expressed by equation (20).
o = jm+kg+p (20)
In equation (20), j is the index in the horizontal direction
and k is the index in the vertical direction when the
position of the designated pixel is 0. In equation (20), m
15 designates the horizontal gradient of the mixture ratio @ in
the plane, and q indicates the vertical gradient of the
mixture ratio @ in the plane. In equation (20), p indicates
the intercept of the mixture ratio @ in thé plane.
For example, in frame #n shown in Fig. 32, equations

20 (21) through (23) can hold true for C05 through CO07,

respectively.
C05 = 005[BO5/v+£05 (21)
C06 = a06[BO6/v+£06 (22)
C07 = Q07[(BO7/v+£07 (23)

25 . Assuming that the foreground components positioned in



differential value of the variable W with respect to the - 112 square sum
E of the error should be 0. v is any one of the integers fromO to 5. Thus,
wy is determ ned so that equation (44) is satisfied. aE = 8 aex aW 2 x=0
ex aw 8 =2 Eex - av =0 x=0 (44) 5 By substituting equation (42)
into equation (44), equation (45) is obtained. 58 (av Z ay W) =1 av

Mk x=0 y=0 x=0 (45) For exanple, the sweep-out nethod (Gauss-Jordan
elimnation) is applied to the nornmal equations consisting 10 of six

equati ons obtai ned by substituting ena0sf the integers fromO to 5 into v
in equation (45), thereby obtaining w. As stated above, wOis the

hori zont al gradient m w is the vertical gradient g, w2 is the intercept

p, W3 is rsogmftgg M Sk tj?g:tlons é%@%qh%{ooveeach GRRl ying the

met hod of eas squa he eq in %he plxe \al’'ue M and
the pixel walyg R a@ Sc‘?ltrmltd?te % 'a%:@teﬂuaﬁr,acgqqﬁttl@n t(I'kell) holds
true by replacing F0l1 through F03 by fc.
f(x) = (1-0(x))Fc (24)
5 In equation (24), x indicates the position in the spatial
direction.
When O (x) is replaced by equation (20), equation (24)

can be expressed by equatioh (25) .

f(x) = (1-(jmt+kg+p))[Fc
10 = jO(-mFc) +k(-qlFc) + ( (1-p)[Fc)
= js+kt+u (25)

In equation (25), (-mlFc), (—-qlFc), and (l-p){Fc are
replaced, as expressed by equations (26) through (28),
respectively.

15 s = -mlFc (26)

t = -qglFc (27)

u = (l1-p)Fc (28)

In equation (25), j is the index in the horizontal

direction and k is the index in the vertical direction when
20 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
constant velocity within the shutter period, and that the
foreground components positioned in close proximity with

25 each other are uniform, the sum of the foreground components



vertical gradient g, and the intercepts p, s, t, and u can be determ ned.
20 A description has been given with reference to equations (31) through
(39), by assuming that the pixel value of the pixel contained in the m xed
area is M and the - 113 pixel value of the pixel contained in the
background area is B. In this case, it is necessary to set nornal
equations for each of the cases where the designated pixel is contained
in the covered background area, or the designated 5 pixel is contained in

t he uncovered background area. For -exa@wpl-e, if the mxture ratio a of the
pi xel contained in the covered background area in franme #n shown in Fig.
32 is determ ned, C04 through C08 of the pixels in frane #n and the pi xel

val ues P04 t hrough PQ8 of, t i xels .10 i rane #n-1 are set in the nornal
equat i onsc.4anl 1tbet hagjprﬁox Wt at%pg H L9 &ée‘l s contained in the uncovered
background ar iLn.tra h AN GFieg. 1S, term ned, ,C28 through

C32 of the pi WBeb it%ef ?@r}?ﬁtﬂﬁ% g\r%@lotﬁg l%i ?Z’?’H\?Sﬁlb“%geﬁzgyt Rr STER*BS of the

pixels in4f + r i £quad i ) e {f, for
exanpl e, r!Ltlhr{eéa'macxﬁréeu rrgglbtflaolé?naeso Oft%ef&g}d;g{d@oont al ned 1 h Q%J@%eegrseecé

backgr ound, ¥ dgy Fig. 43 is calculated, the follow ng equations
(46) through (54) are set. In Fig. 43, white dots indicate pixels of the
20 bagkgrounds (gnd=bliggl dots indicate pixels of the,gixed area. The pixel
val ue of the pixel for which the mxture ratio a

By replacing the mixture ratio O and the sum of the
foreground components in equation (9) by using equations
(20) and (25), the pixel value M can be expressed by
equation (30).

10 M = (jm+kg+p)[B+js+kt+u
= jBm+kBg+Blp+jds+kt+u (30)

In equation (30), unknown variables are six factors,
such as the horizontal gradient m of the mixture ratio o in
the plane, the vertical gradient g of the mixture ratio O in

15 the plane, and the intercepts of the mixture ratio O in the
plane, p, s, t, and u.

The pixel value M and the pixel value B are set in
normal equation (30) in accordance with the pixels close to
the designated pixel, and then, a plurality of normal

20 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 Q.

It is now assumed, for example, that the horizontal

index j of the designated pixel is set to 0, and the

25 vertical index k of the designated pixel is set to 0. 1In



is calculated is 5. Ml = (-1) L c1Dn+ (-1) L c1D4+BclC + (-1) Ds+ (-1)
Dt+u (46) M2 = (0) 03c2Fii+ (-1) d 3c20g+Bc2FJD+ (0) Ds+ (-1) Dt+u (47)
25 M3 = (+1) ]1Bc3Dn+ (-1) LBc3D~+Bc3Dp+ (+1) as+ (-1) Dt+u (48) - 114 M4
= (-1) E]3c4[3n+ (0) E]Bc4E]:I+Bc4Cp+ (-1) ds+ (0) Dt+u (49) M5 = (0)L
c5Chn+(0) L c5E+Bc5EJ3+(0)Ds+(0)Ox+u (50) M6 = (+1)L c6[3n+(0)L
c60x+Bc6Cp+(+1)ds+(0) Lt +u (51) M7 = (-1) L c7Lht+ (+1) L c7L +Bc7Lp+ (-1)
as+ (+1) Dt+u (52) 5 Mc8 = (0)Lc8C3n+(+l )L c8L+Bc8Lp+(0)Lb+(+1)x +u (53)
M9 = (+1) L c9[3n+ (+1) L c9Lj +Bc9ept10+3t) OCs+ (+1) Lt+u (54) Wen the

m xture ratio a of the pixel contained in the covered background area in
frame #n is cal cul ated, the pixel values Bcl through Bc9 of the pixels of

t he backg:}ﬁqlén%a%r eawhjeQ1 & fra dd peqyat, ?gsr%l(xdfq ru%g 2 (554)

respective cor'r espondi RE tlhe pi UYel s, I'n n for
exanpl e, reratio e n ered
bacggroun?%arle@a)%sléo&w? in lF %“%zféto}ﬁ R (:susleg'?e@#a e’&ﬁx%%ﬂ&in] r@l ﬂg%%quatl ons
(55) thr@&ghpﬁﬁghsaﬁ%CQQ%ﬁt Eh%h%kg%bxﬁ%h%ﬁ %&t%h%h%‘é%%l%%f)QQICh the

m xture ratio a is calculated is =(-1) L ulLl ulL +BulL +

(-1) Ls+dixbh ,Diet (aﬁ)on@“é)ﬁ()o)t% n*i@ﬂa%) la 215Ut ( 0) L+(- 1) Ot +u (56)
Mi3’ =(+1) E] BusLhn+ (- Bu3Dg+Bu3Cp+ (+) Os+ (-1) Dt+u(57) 20Mu4 =(-1)

Bu4€3n#_( 0 #{ tegy+B 8 ) b
ﬁ](oyLEugeq%+ oﬂ%&%ﬁsﬂﬁg) &%d)ohuwé) 1%(55_%11) E]ll':’)u%t5#+ (o

E] BU6E] q#guCe+ (0¥, ashnk 0)1)DBHU(,68) B, _,0p+ (0) s+ (-1) Ot+u (32)
M+l,"‘1 = (+1)|:B+1,—1Dn+(_1)|-—-B+1,—1DI+B+1,—1|3.3+(+1)|$+ (_1)Dt+u (33)

Mop,0= (=1)DB_y o+ (0)[B_; oLa+B_y oL+ (-1)Us+(0) Ot+u (34)
My,o = (0)DBy oL+ (0)[B, oCa+Bg, oCb+(0) Os+ (0) Ot+u (35)
10 My;,0 = (+1)DByy o0n+ (0) B, o[H+B,y, o+ (+1) [+ (0) Ot+u (36)
Moy,41 = (F1)0B_; 00+ (+#1) DBy 41 [G+B_; 10+ (-1) O+ (+1) Ot+u  (37)
My, 41 = (0)[Bg 4qlin+ (+1) By 41[+By 00+ (0)Us+ (+1) Ot+u (38)

My 4 = (+1) B4y 4 O+ (1) 0By 4q[H+B,y 41 0b+ (+1) Os+ (+1) Ot+u  (39)
Since the horizontal index j of the designated pixel is

15 0, and the vertical index k of the designated pixel is 0,
the mixture ratio @ of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (20), i.e., the
mixture ratio O is equal to the intercept p in equation (20).

Accordingly, based on the nine equations, i.e.,

20 equations (31) through (39), the horizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u are
calculated by the method of least squares, and the intercept
P is output as the mixture ratio O.

A specific process for calculating the mixture ratio o

25 Dby applying the method of least sguares is as follows.



Mi7 =(-1)LBu7[ In+(+1)L u7L+Bu7Cp+(-1) Us+(+1) @ +u(61) M8

=(0) LI Bu8Lh+(+1) C] Bu8I : | g+Bu8Cl D+(0) as+(+1) 1]t +u (62) 25Mu9 =(+1) L]3u9L
n+ (+l) OBu9d 1+Bu9li D+ (+l) as+ (+l) Ot+u(63) - 115 When the m xture
ratio a of the pixel contained in the wuncovered background area in frane
#n is calcul ated, the pixel values Bul through Bu9 of the pixels of the
background area in frame #n+l in equations (55) through (63), 5
respectively, corresponding to the pixels in frame #n are used. Fig. 44 is
a block diagramillustrating the coenfliiguration of the

estimated-m xture-rati o processor 401. An image input into the

estimated-m xture-rati o processor 10 401 is supplied to a delay portion 501

and an adder %%%n tﬁedghﬁgxchr%%httigl. %£§y %Q%h%%%%%gkg%gg for one

frame, and supplies thé Tmage £o t e adder 5 K s supplied
as the i i h d | I cuj 1 lies frame
#n-1to Eﬁﬁgéfgg%%ﬁ.g’l?r%lg%gfgg%?&%seﬁq@ﬁg&p% xl_e &evxzsiIQLUes%feot he pi xel
adj acent didDg PlatRl ARl UL o N&dTnd Wik A By Sl il o) and the
pi xel value of frame #n-1 in the normal equation. For exanple, the adder

502 sets the pixel(jvahpes xM) through M9 and the pixel yg ues Bcl through
Bc9 in the 20 normal equations based on equations (46) through (54),

respestively. 1thgsaddar aBeameuPRhiaes the noenreh taquat-haisnti i Whheh the
pi xel values are set to a calculator 503. The cal culator 503 determ nes the
esti mat edrgvtildéle gradient g, and the intercepts p, s, t, and u are
expressed by variables w0, wl, w2, w3, w4, and w5,
respectively, and jB, kB, B, j, k and 1 are expressed by a0,
al, a2, a3, a4, and a5, respectively. 1In consideration of

10 the error ex, equations (31) through (39) can be modified

into equation (41).

5
Mx = Zay - Wy + ex (41)

y=0

In equation (41), x is any one of the integers from 0
to 8.

15 Equation (42) can be found from equation (41).

5
ex = Mx — ). ay - wy (42)

y=0

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

expressed by equation (43).

8
20 E = ) ext (43)
x=0

In order to minimize the error, the partial

differential value of the variable Wv with respect to the



ratio by solving the normal equations supplied fromthe 25 adder 502 by,
for exanple, a sweep-out nethod, and outputs - 116 the determ ned
estimated mi xture ratio. In this manner, the estimated-m xture-ratio
processor 401 is able to calculate the estinmated m xture rati o based on
the input image, and supplies it to the mxture-ratio 5 determ ning portion
403. The estimated-m xture-ratio processor 402 is configured simlar to
the estinmated-m xture-ratio processor 401, and an explanation thereof is
thus omtted. Fig. 45 illustrates ar @t@npl e of the estinmated m xture 10
ratio calculated by the estimated-m xture-rati o processor 401. The
estimated m xture ratio shown in Fig. 45 is the result represented by one

l'ine and s(_;ﬁ{;falien_eéqu) %qfrf%r mer}&ort Ig%oqlalldc%et d on by eeafrhg{ at i n%ﬁe%tl ons in

uni ts of Iocks Stten Fhé iovéne vV of' t

cor_respo:} t’é%[ tI% tehe ok ?%;ngg\s“ﬂﬁ W [STelE ac’?etrmvl% %ﬁl dy s 11. The

estimate ure ratio |near y In mxe area, as

shown i n Jgit 14 @@es&r ISR QN 1y now given, with reference to the 20
fl owmchart _of F|g 46, the m xture-ratio estimating processing perforned

by the esla gxtur @leatl 0 processor 401 by using a nodel of the
covered hhﬂkgroun are@wshown in Fig. 44. In step S521, the adder 502 sets
the pi xel value (44)

= 2 zzex cav = 0
5 By substituting equation (42) into equation (44),

equation (45) is obtained.

8

5 a
Z(av : Zay - Wy) =Z av - Mx (45)

x=0 y=0 x=0

For exémple, the sweep-out method (Gauss—-Jordan
elimination) is applied to the normal equations consisting

10 of six equations obtained by substituting one of the
integers from 0 to 5 into v in equation (45), thereby
obtaining wy. As stated above, w0 is the horizontal
gradient m, wl is the vertical gradient g, w2 is the
intercept p, w3 is s, w4 is t, and w5 is u.

15 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
vertical gradient g, and the intercepts p, s, t, and u can
bé determined.

20 A description has been given with reference to
equations (31) through (39), by assuming that the pixel

value of the pixel contained in the mixed area is M, and the



25 contained in the input inmage and the pixel value contained - 117 in the
i mge supplied fromthe delay circuit 501 in a normal equation
corresponding to a nodel of the covered background area. In step S522, the
estimated-m xture-rati o processor 401 5 determ nes whether the setting of
the target pixels is finished. If it is determned that the setting of the
target pixels is not finished, the process returns to step S521, and the
processing for setting the pixel values in the nornmal equation is
repeated. 10 If it is determ ned in-stig@ $522 that the setting for the
target pixels is finished, the process proceeds to step S523. In step
S523, a calculator 503 calculates the estimated m xture ratio based on the

normal e §gions in ig? t he pi xel s val ues are set, .and oufputs the
S
cal cul at g%‘ VATARCE (S PR GREREST 4 novtgl,e t o Eoe RS Y

esti mat eqs-_m' )&tnurt%'irsatéa%c? ,ﬂi%eisss%eczgos]sa;%g\é\% Io% irr%‘rml}aﬁ iesc][uaa Iieontacl).he

calculate the estinmate ure ratio he I nput™ 1t mage.
r

m Xeur e- 1 o9t JHRldi0 JYAGeSHAE hd!Uddl dhaddh T qarrespond ng o

t he uncovere ackground area is sim e praocessing .indicated by

the Tl owchidai9fediGr b @bé&%&%é&&ﬁ&fd@aﬁé&{at&xo%e%f&%hmdqg to a
nodel of the uncovered background area, and an expl anation thereof is
thus em tdiedl 3% cotha iepdinmiNe RaxdrandedifRAinAsWY Ny that the

For example, if the mixture ratio O of the pixel
contained in the covered background area in frame #n shown
in Fig. 32 is determined, C04 through C08 of the pixels iﬁ
frame #n and the pixel values P04 through P08 of the pixels

10 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. 33 is
determined, C28 through C32 of the pixels in frame #n and
the pixel values N28 through N32 of the pixels in frame #n+1

15 are set in the normal equations.

Moreover, if, for example, the mixture ratio O of the
pixel contained in the covered background area shown in Fig.
43 is calculated, the following equations (46) through (54)
are set. In Fig. 43, white dots indicate pixels of the

20 background, and black dots indicate pixels of the mixed area.

The pixel value of the pixel for which the mixture ratio o

is calculated is Mc5.

Mcl = (-1)Bcllhm+ (~1)Bclllg+Bcllp+ (-1)s+ (~1)Ot+u (46)
Mc2 = (0)[Bc2lin+ (-1)[Bc2[lg+Bc2lp+ (0) [+ (-1)[lt+u (47)
25 Mc3 = (+1)[Bc3ln+ (-1)[Bc3lg+Bc3lp+ (+1) s+ (-1) Ot+u (48)



- 118 object corresponding to the background is stationary. However, the
above-descri bed m xture-ratio cal cul ation processing can be applied even
if the imge corresponding to the background area contains notion. For
exanple, if the 5 imge corresponding to the background area is uniformy
novi ng, the estimted-m xture-ratio processor 401 shifts the overall inmge
in accordance with this notion, and perfornms processing in a manner
simlar to the case in which the object corresponding to the background is
stationary. If 10 the inmage correspendilgg-to the background area contains

| ocally different notions, the estimated-m xture-ratio processor 401

sel ects the pixel's corresponding to the notions as the pixels belonging to

s S T TR R BT B %l S e e
m XLure, kol o S vblely | tol HEdsAGRey SHSRLL LY for espond g p each |

101 and pjggput (i+flﬁﬁﬁﬁg§%§dn)p Lol g Rtk i Bt bl @y Tt 1S Bagsible 1o

separate the foregro and t he backgroun conponént's cont ai ned

cont ai ned Tn L he T e L e ) e VT ke D6 et 28201 the i
ge corresponding to the noving object. If the inmage
is syst herigzed (p3sBd a0+ {-he) ModL+®dsabirQ0) B49+1) Ot+u (53)

Mc9 = (+1)Bc9lnt (+1)[BcIg+BcOlp+ (+1) s+ (+1) Ot+u (54)

When the mixture ratio @ of the pixel contained in the
covered background area in frame #n is calculated, the pi#el
values Bcl through Bc9 of the pixels of the background area

10 in frame #n-1 in equations (46) through (54), respectively,
corresponding to the pixels in frame #n are used.

If, for example, the mixture ratio O of the pixel
contained in the uncovered background area shown in Fig. 43
is célculated, the following equations (55) through (63) are

15 set. The pixel value of the pixel for which the mixture

ratio o is calculated is Mub5.

Mul = (-1)Bulln+ (-1)Bullg+Bullp+ (-1)0Os+(-1)t+u (55)
Mu2 = (0)Bu2ln+ (-1)Bu2llg+Bu2lp+ (0)0s+ (-1)dt+u (56)
Mu3 = (+1)[Bu3ln+ (-1)Budlg+Buldlp+ (+1)k+(-1)0c+u (57)
20 Mu4d = (-1)Budln+ (0)Budlg+Budlb+ (-1) s+ (0)t+u (58)
Mu5 = (0)[Bubln+ (0)Busg+Bublp+ (0)Os+ (0) Ot+u (59)
Mu6 = (+1)[Bublint (0)Buellg+Bublb+ (+1) s+ (0)Ot+u (60)
Mu7 = (-1)Bu70nt+ (+1)Bu7lg+Bu7lp+ (-1)Os+ (+1) Ot+u (61)
Mu8 = (0)Bu8ln+t (+1)[RBus[g+Bulp+(0)s+ (+1)[k+u (62)

25 Mu9 = (+1)[Bu9ln+ (+1)Budllg+Budlp+ (+1)s+ (+1)Ot+u (63)



(X, it is possible to create an inmage containing notion blur that matches
the speed of the noving object and that faithfully reflects the real

wor |l d. The foreground/ background separator 105 is discussed 5 below Fig.-
47 is a block diagramillustrating an exanple of the configuration of the
f or egr ound/ background separator 105. The input image supplied to the

f or eground/ background separator 105 is supplied to a separating portion
601, a switch 602, and a switch 604. The area information supplied 10 from
the area specifying unit 103 and indiqatirg the information of the covered
background area and the uncovered background area is supplied to the

- separating portion 601. The area information indicating the foreground

area is supplied the _switch 602. Th ea_i.nformation indicating 15 the
backgr ound arggegukgﬁiQ&XESthgag%Ptc Ogoi.eTﬁéx 'xFﬁP@aﬁEFQOlFX%bﬁpplied
fromthe_ m re-yatli cal cul ator 104 is s l.i ed, t,0, 1-he separating
portion é’g%l&) %ec{ ;%gﬁgcrgzﬁoﬁlﬁgjﬁgretl olnJrl ?&f%éeegﬁfaﬁsescat%cél%agzreégr (a)tljlrﬁad

componen om.the, J t a5ed e .afr j t] iindj cating
t he cove?gége[}a?l?&ru%tfn ar eﬂerll, t ehbar ea O(ﬁ]rﬁ%‘r r%}fe?nsz%nfd%hge{ {Eﬁagd](ta%eougl(r%icover ed

backgr ound < 62 AMthe W8 MK WRiFAld &5 ANASURRJH eghhe separ at ed

foreground conponents to a synthesizer 603." The separatirng portion 601

al so sepaaaiRe iR 1RAC kY QWIh FRIMIRNY SHd Y04 I1IHPWr 2R i#FPG8e and
supplies the separated background conponents to a - 120 synthesizer 605.
used.
Fig. 44 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 40i.
An image input into the estimated-mixture-ratio processor

10 401 is supplied to a delay portion 501 and an adder 502.

A delay circuit 501 delays the input image for one
frame, and supplies the image to the adder 502. When frame
#n is supplied as the input image to the adder 502, the
delay circuit 501 supplies frame #n-1 to the adder 502.

15 The adder 502 sets the pixel value of the pixel
adjacent to the pixel for which the mixture ratio ¢ is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 502 sets the pixel values
Mcl through Mc9 and the pixel values Bql through'Bc9 in the

20 normal equations based on equations (46) through (54),
respectively. The adder 502 supplies the normal equations
in which the pixel values are set to a calculator 503.

The calculator 503 determines the estimated mixture
ratio by solving the normal equations supplied from the

25 adder 502 by, for example, a sweep-out method, and outputs



The switch 602 is closed when a pixel corresponding to the foreground is

i nput based on the area information indicating the foreground area, and
supplies only the pixels 5 corresponding to the foreground contained in the
input image to the synthesizer 603. The switch 604 is closed when a pixel
corresponding to the background is input based on the area information

i ndi cati ng the background area, and supplies only the pixels 10
correspondi ng to the background contained in the input inage to the

synt hesi zer 605. The synt hesi zer 603 gymt hesi zes a foreground conponent

i mge based on the foreground conponents supplied fromthe separating
portion 601 and the pixels corresponding to the 15 foreground supplied from

the swt 60 and out put.s the . svnthesized foreground conponent inage.
Si nce thgéhef (ﬁjrzéetger%ulﬁlf&areesa{:lénﬁgﬁﬁ%é'}llrﬁ%(uerde area Wo not overlap, the

oyt hosizer o0, R0 Bspeler exaTS.ogeql SR 0 Lhe  Lorearound

conponent s and the foreground pixels, S

f or egroung) COPORAN ddTalcd ik dd1Gdlidd ALY ALAGRSS TG @xealed at the

start of the synthesizing processing for t oreground conpaonen i mge,

the synthesizf BUSLUHRRE 2ARddRGHINSE i X& thV@'M%&ﬂre%ﬂéjToo ina

built-in frame nenory. Then, in thé 25 synthesi zing processing for the
f or egs ourtk teaaonenRy Jomden 40821 the synthesizer 603 stores the

foreground conponent image (overwites the previous inage by the
foreground compeneBtimated-mixture-ratio processor 402 is configured
similar to the estimated-mixture-ratio processor 401, and an
explanation thereof is thus omitted.
Fig. 45 illustrates an example of the estimated mixture
10 ratio calculated by the estimated-mixture-ratio processor
401. The estimated mixture ratio shown in Fig. 45 is the
result represented by one line and obtained by performing
the calculation by generating equations in units of 7X7-
pixel blocks when the movement v of the foreground
15 corresponding to the object moving with constént velocity 1is
11.
The estimated mixture ratio changes almost linearly in
the mixed area, as shown in Fig. 44.
A description is now given, with reference to the
20 flowchart of Fig. 46, of the mixture-ratio estimating
processing performed by the estimated-mixture-ratio
processor 401 by using a model of the covered background
area shown in Fig. 44.

In step S521, the adder 502 sets the pixel value

25 contained in the input image and the pixel value contained



i mage). Accordingly, O is stored in the pixels corresponding to the
background area in the foreground 5 conponent image output fromthe

synt hesi zer 603. The synt hesi zer 605 synt hesi zes a background conponent

i mge based on the background conponents supplied fromthe separating
portion 601 and the pixels corresponding to the background supplied from
the switch 604, and outputs the 10 synthesi zed background conponent i mage.
Since the background area and the m xed area.do not overlap, the

synt hesi zer 605 applies, for exanple, 1thoegical OR to the background
conponents and the background pi xels, thereby synthesizing the background
conponent ‘image. 15 In the initializing processing executed at the start of

t he synt hesi zing processing for the background . conmponent ,inmage, th

synt hesi Z&r t%‘@S%‘FSFe@BW&ﬁQg@ RO ep:é%élay \‘F&Irl?é‘&tasg laff & Pﬁra‘aﬁui lt-in
frame memor ..Tgen,rin the ..s nthesizigg pr 3 %in% for tgg %ack raound
conponenf®3tage 26 fﬁ5p§§ﬁfﬁ steP B5 St SrredEnEOFRERGr 53TEIES nent
imge (qQuerwites the previous inage by the background conponent inage).

Accordin&FfF'O is stored in the pixels corresponding to the foreground

[ he bagck k - ' 605. 2
N Ero. aBA i | ThePFAPCR P Re PRE-FAERLE T R e (AL O p YL REBE R0 205 29

Iﬁregé ourd/tRIGKALQURA SRR 3Qr 1A% ;3R otfhechfeort%!lfg%%“g;ix g%p%e“t i mge and
e background conponent | nmage output © fromthe toregiound/ background
separat ofg1}33nel 9- 148Bt is determined that the setting of the
target pixels is not finished, the process returns to step
$521, and the processing for setting the pixel values in the
normal equatioﬁ is repeated.
10 If it is determined in step S$522 that the setting for
the target pixels is finished, the process proceeds to step
§523. 1In step S$523, a calculator 503 calculates the
estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated
15 mixture ratio.

As discussed above, the estimated-mixture-ratio
processor 401 shown in Fig. 44 is able to calculate the
estimated mixture ratio based on the input image.

The mixture-ratio estimating processing by using a

20 model corresponding to the uncovered béckground area is
similar to the processing indicated by the flowchart of Fig.
46 by using the normal equations corresponding to a model of
the uncovered background area, and an explanation thereof is
thus omitted.

25 . The embodiment has been described, assuming that the



illustrates a nodel of the input image. input into the 5

f or eground/ background separator 105 and the foreground conponent image and

the background conponent image output fromthe foreground/ background

separator 105. Fig. 48A is a schematic diagramof an inmage to be

di spl ayed, and Fig. 48B is a nodel in which pixels for one 10 line

corresponding to the image shown in Fig. 48A and contai ning pixels

bel onging to the foreground area, pixels belonging to the background area,

and pi xels belonging to the m xed areagare expanded in the tine direction.

As shown in Figs. 48A and 48B, the background conponent 15 inage out put

fromthe foreground/background separator 105 consists of the pixels

bel ongi ng,t.o t he back nd area t he backgr.oun gnponent s cont ai ned

'n the pPRaFEToROFRESDS %&%@&E@%ﬁ@%@ﬁf%&%ﬂﬂ% Lhe

f or eground conp nﬁgt éo n? e ou% t fr g&%h%aﬁg%e rq %ﬁ/ ackground

separato Ofﬁg condtsf§°8F 5 onglng t-0 %t 6 {07 8gr-Slind area and

the fore n t.qi_ne X The
r%%%‘!fsigﬁg%ﬁﬁ E)%S %ﬁ%ﬁ el Ll 4Re Rl ?L'm%g%S ctoli'?'esg![o giqn%' &2

pi xel vaFues © m xXed area are to the

backgrouﬁgﬁggggﬂgg§kgdaa@egh%o%% ggr0¢§@1 123Fo%og&% Bers By the

foregrou ackg separ at or Separate kgr'ound conmponent s

form 4 he ;hackg E%@@spsgﬁegae'% Ltmgﬁafc%%%% Wil tile uﬁ'l)f%lrﬁl199| onging to
the background area. e Separated foreground conponents form

moving, the estimated-mixture-ratio processor 401 shifts the
overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If

10 the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 401 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area, and
executes the above-described processing.

15 As discussed above, the mixture ratio calculator 102 is
able to calculate the mixture ratio @, which is the feature
guantity corresponding to each pixel, based on the area
information supplied from the area specifying unit 101 and
input image.

20 By using the mixture ratio O, it is possible to
separate the foreground components and the background
components contained in the pixel value while maintaining
the information of the motion blur contained in the image
corresponding to the moving object.

25 If the image is synthesized based on the mixture ratio



5 the foreground conponent image together with the pixels belonging to the
foreground area. As discussed above, in the foreground conponent i mage,

t he pi xel values of the pixels corresponding to the background area are
set to 0, and significant pixel values 10 are set in the pixels
corresponding to the foreground area and the pixels corresponding to the
m xed area. Simlarly, in the background conponent image, the pixel val ues
of the pixels corresponding to the foreground area are set to 0, and
significant pixel values are set in-thegpixels 15 corresponding to the
background area and the pixels corresponding to the m xed area. A
description is given below of the processing executed by the separating

ortion 601 for separa the f d t d h b d
Porponenbs okt RBS5ERAPS 90 CEERGAGRAg MBIEn EoR R ol oot APg. BYEE

illust f t f d t d
st ates 2 el ol an bERe LndiCal o0, ! aregiound comorents and
f th th 4 th del of th h

1M (el ) BepALghl, Lo gy 4200 (e el of the fmage shown In

i vided porti o0 £S:darlBniVBIBIPondResLELLIDSE PbYCLs AR LAE, LoUI teent

t hr ough ei ght eent rom -t consi st gr ound
conponenig;gpd b@hgn94bolghs B@sEgre&agra&e@11hetrétahenan#exahagesecond

t hrough fourth pixéls fromthe

of the configuration of the foreground/background separator
105. The input image supplied to the foreground/background
separator 105 is supplied to a separating portion 601, a
switch 602, and a switch 604. The area information supplied

10 from the area specifying unit 103 and indicating the
information of the covered background area and the uncovered
background area is supplied to the separating portion 601.
The area information indicating the foreground area is
supplied to the switch 602. The area information indicating

15 the background area supplied to the switch 604.

The mixture ratio O supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.
The separating portion 601 separates the foreground

components from the input image based on the area

20 information indicating the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio 0, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background components from the input

25 image, and supplies the separated background components to a



contain the background conponents and the foreground conponents, and

bel ong to the uncovered background area. In frame #n, the el eventh through
thirteenth pixels fromthe |eft contain background conponents and ‘
f oreground conponents, 10 and belong to the covered background area.
frame #n, the fifth through tenth pixels fromthe left consist of only the
foreground conponents, and belong to the foreground area. In frame #n+l,

the first through fifth pixels fromthe

In

| eft .and the eighteenth pixel from

the left consist of only 15 the backgrgund conponents, and belong to the
background area. In franme #n+l, the sixth through eighth pixels from

| eft contain background conponents and foreground conponents,

t he

and bel ong

to the uncovered bac&%#fund area. In frame #n+l, the fifteenth through
r

sevent eerth PISEIEH

the left contain 20 background components and

forearound corpangs.aagabelond .La Lie.cavened backaraund area. i frame

#n+l, the nint

through T ourteenth pi xe m T he

t he forqg{

lgg& t ,-gng 0 egryd,areg Fig. 50
illustrat eseot e gﬂ('ocessirlns; r stei)géara iotnng %}Eeg afl(z)%a %onr egr §%l§%comonent S

50., al

from t he jpigiels hel AN NG AR Aia 3%, %‘@rﬁfbﬂ%@mﬂﬂeﬁiﬁeﬁrﬁi

through al8 indicate mxture ratios of the In

frames#n.codredpidhafy ddhard fAaayibddy Quaht sewentieentte RS i
| eft bel ong toI{heJ%%@ered background area. 5 The Sixel vafﬁgichab

fifteentpivted dyminddieed &fd3.in frane #n can be expressed by equation

(64):

10

15

20

25

The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
indicating the background area, and supplies only the pixels
corresponding to the background contained in the input image
to the synthesizer 605.

The synthesizer 603 synthesizes a foreground component
image based on the foreground components supplied from the
separating portion 601 and the pixels corresponding to the
foreground supplied from the switch 602, and outputs the
synthesized foreground component image. Since the
foreground area and the mixed area do not overlap, the
synthesizer 603 applies, for example, logical OR to the
foreground components and the foreground pixels, thereby
synthesizing the foreground component image,

In the initializing processing executed at the start of
the synthesizing processing for the foreground component
image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built~in frame memory. Then, in the

synthesizing processing for the foreground component image,

g.
s of

t he
t he



Cl15 = B15/v+F09/v+F08/ v+F07/v = al5L15+F09/ v+F08/ v+F07/v =
al5LP15+F09/ v+F08/ v+FO07/v (64) 10 where al5 indicates the mxture ratio of
the fifteenth pixel fromthe left in franme #n, and P15 desi ghates the

pi xel value of the fifteenth pixel fromthe left in frame #n-1. The sum
f15 of the foreground conponents of the fifteenth pixel fromthe left in
frame #n can be expressed 15 by equation (65) based on equation (64). f15
= F09/v+F08/v+F07/v = Cl15-al5EP15 (65) Simlarly, the sumfl1l6 of the
foreground conponents of the sixteenflRlpixel fromthe left in frame #n can
be 20 expressed by equation (66), and the sumf17 of the foreground
conponents of the seventeenth pixel fromthe left in frame #n can be

expressedch%ys Uc%tés r%e(r676)0'3 fs]t%r:sclt%_eajf@ip o(u§1@ of 7on:n(‘Elz_ ZaEPl? (67)
gt 3 ThionFe (78S

25 In this mann e foreground conponents fc contalne In the

pi xel val ug Gafs e t%(?)r;&’?{?q%gE?%%O%%&O\%&%Cﬁ@ﬁg%%@%ﬁ rea can be

expressed by equation (6 . . ) Where . e pixe
val ue of it@eH0r r aRONURG 1S B X8 Jtd Ade B RHOYS Jhae. Fig. 51

illustrates the processing for separating the foreground conponents from
the pi xelcd»MdspFdiGid @d e background area in the foreground
5 component image output from the synthesizer 603.

The synthesizer 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 and the pixels corresponding to thé
background supplied from the switch 604, and outputs the

10 synthesized background component image. Since the
background area and the mixed area do not overlap, the
synthesizer 605 applies, for example, logical OR to the
background components and the background pixels, thereby
synthesizing the backgrqund component image.

15 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
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the background component image,

20 the synthesizer 605 stores the background component image
(overwrites the previous image by the background component
image). Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.

25 ~ Fig. 48A illustrates the input image input into the



uncover ed background area. In Fig. 51, al through al8 indicate m xture
rati os of the individual pixels of frame #n. 10 In Fig. 51, the second
through fourth pixels fromthe left belong to the uncovered background
area. The pixel value Q02 of the second pixel fromthe left in frame #n
can be expressed by equation (69): C02 = B02/v+B02/v+B02/v+F01/v 15 =
a2LB02+FOLl/v = a2LNO2+F01/v (69) where a2 indicates the mxture ratio of
the second pixel fromthe left in frame #n, and NO2 desi gnates the pixel
val ue of the second pixel fromthe tele2in frame #n+l. 20 The sum f02 of
t he foreground conponents of the second pixel fromthe left in frame #n
can be expressed by equation (70) based on equation (69). f02 = FOl/v =

002- azChQ L L9bua /BalkbAblhg LUB2UTOL03 081 Ahe ol %g&gg%uﬁanponems of -

127 the't pi Xé rame #n can be expressed

equat'oncg #bneﬁg?% SHHHfQﬂeOEaEQ%rBQBQQ%%%5@neﬁ%”ﬁﬁﬁ@@tquFuEhe fourth

pi xel from frame #n can expressed by equation (72). 5 f03 =
Q03- a3QL@3 ofn’ Lhe Egéegrggﬁd?ﬂggﬂérﬁa%h E@p%&b%o@aﬁ@%r Fhe .f apgground
conmponents fu containéd 1n the pixel value C of the pixel” belonging to the

uncoveredillustrates a model of the input image. input into the
5 foreground/background separator 105 and the foreground
component image and the background component image output
from the foreground/background separator 105.
Fig. 48A is a schematic diagram of an image to be
displayed, and Fig. 48B is a model in which pixels for_one
10 line corresponding to the image shown in Fig. 48A and
containing pixels belonging to the foreground area, pixels
belonging to the background area, and pixels belonging to
the mixed area are expanded in the time direction.
As shown in Figs. 48A and 48B, the background component
15 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
mixed area.
As shown in Figs. 48A and 48B, the foreground component
20 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
mixed area.
The pixel wvalues of the pixels in the mixed area are

25 separated into the background components and the foreground



background area can be expressed by equation (73): 10 fu = CGaEN (73)
where N designates the pixel value of the corresponding pixel in the
subsequent frane. As discussed above, the separating portion 601 is able

to separate the foreground conponents fromthe pixels 15 belonging to the
m xed area and the background conmponents fromthe pixels belonging to the
m xed area based on the information indicating the covered background area
and the information indicating the uncovered background area contained in
the area information, and the mxturel28ti-o a 20 for each pixel. Fig. 52
is a block diagramillustrating an exanple of the configuration of the
separating portion 601 for executing the above-described processing. An

: . . ) . \ . f -
ronory oapmedrii 1y SRR e i RS Qb L AL O 05 L3R
back i f th
it o oo TR R A I NGO TR Dt MR SHBREdthg L PT T o a
separ at | YbrPHassS Y adyfider The nae JBmry kQ_Zl_Jorﬁgtigfc?escot h&d nput

images in units 5 of franes. \Wen a frame to be process is frame #n, the
frame memyokdidurst Ares framk Heph rathic e d e didd i ientdd apefore

frame #n, frame #n, and frame #n+l, which is the frane one frane after
frame5#n.the foreground component image together with the pixels
belonging to the foreground area.

As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to 0, and significant pixel values

10 are set in the'pixels corresponding to the foreground area
and the pixels corresponding to the mixed area. Similarly,
in the background component image, the pixel values of the
pixels correspdndiﬁg to the foreground area are set to 0,
and significant pixel values are set in the pixels

15 corresponding to the background area and the pixels
corresponding to the mixed area.

A description is given below of the processing executed
by the separating portion 601 for separating the foregroﬁnd
components and the background components from the pixels

20 Dbelonging to the mixed area.

Fig. 49 illustrates a model of an image indicating
foreground components and background components in two
frames including a foreground object moving from the left to

the right in Fig. 49. 1In the model of the image shown in

25 Fig. 49, the amount of movement v is 4, and the number of



The frame nenory 621 supplies the corresponding pixels 10 in frame #n-1,
frame #n, and frane #n+l to the separation processing bl ock 622. The
separation processing block 622 applies the calculations discussed with
reference to Figs. 50 and 51 to the pixel values of the corresponding
pixels in frame #n-1, 15 franme #n, and frame #n+l supplied fromthe frane
menory 621 based on the area information indicating the covered
background area and t he uncovered background area and the mxture ratio a
SO0 as to separate the foreground coapopents and the background conmponents
fromthe pixels belonging to 20 the m xed area in frame #n, and supplies
themto a frane menory 623. The separation processing block 622 is forned
of an uncog gd areq eroce%sor 631, ,a covered area processor 632, a
syntheS|zéF 8@ andcs s?ﬁf égpfe%56§4 25 . Anultiplier 641 of the

uncover ed arefnpfggﬁésg% 6§%e %%gg?ogylﬁigéiegnézghgl§§kr¥géH of the_pixel

in frame #n+l suppri from rare nenor e nlx ure ratio a,

and out Pubis ol ESSHLEERGLPLIGk KaEN! 0 Sue chofdds The ol §Re642 i s

cl osed when t corresponding to the pix in frame

#n+l) su BQ'ck%@oBﬁchgﬂgonE 22E - HRMREY oﬁ%l th karg %afc‘ilgtr%nkl” gougredrn

background area upp ies the pixel” value multiplied by the m xture
ratios arsupel hed fth@msEE%n@fUlth'rBhgﬁr f@ﬁl‘t‘hop@.x%@..lsclf'r%?north@A@e@@d the

synt hesi zer 634. The val ue obtained by nultiplying the

contain the background components and the foreground
components, and belong to the uncovered background area. In
frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,

10 and belong to the covered background area. 1In frame #n, the
fifth through tenth pixels from the left consist of only the
foreground components, and belong to the foreground area.

In frame #n+l, the first through fifth pixels from the

left and the eighteenth pixel from the left consist of only

15 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
belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain

20 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
foreground components, and belong to the foreground area.

Fig. 50 illustrates the processing for separating the

25 foreground components from the pixels belonging to the



10 pi xel value of the pixel in frame #n+l by the m xture ratio a output
fromthe swtch 642 is equivalent to the background conponents of the

pi xel value of the corresponding pixel in frame #n. The cal cul ator 643
subtracts the background conponents 15 supplied fromthe switch 642 from
the pi xel value of the pixel in frame #n supplied fromthe frane nenory
621 so as to obtain the foreground conponents. The cal cul ator 643
supplies the foreground conponents of the pixel in frane #n belonging to
t he uncovered background area to the 285synthesizer 633. A multiplier 651
of the covered area processor 632 nultiplies the pixel value of the pixel
in frame #n-1 supplied fromthe frame nenory 621 by the m xture ratio a,

d outputs th | ting pixel value_t i tch 652, The 25 switch 652
ol osed WHENSTHE FReBReGRTFT angomn S71369-( COrr Bpshacg™ §8he pixel in

frame #n-1),. lied.fromthe fr nennry. .6.2 l.ongs, to_the covered
bnaker ouiBaPgRe BT ool AT, e PR L ot NECSROEET
ratio a u iegdafr t | tipl Ler I a 3 the 5
synthesigzr@géh.g?Hquglngggfgkﬁegﬁgﬁggﬁl%%5%?%%5%# e%R%F§§|f3§ ue of the
pi xel i “tfh'éa'i%f%”bél%gt he Tt Wot ekl BackgBuRUl affe@m the switch 652 is

equi val ent to the backgroun conponents of "the pixel value of the

correspondi ngrREXghxeD vEiagec#s. o#0tfBercatsuhahopi 83 subhragts the
background conponents

left in frame #n can be expressed by equation (64):

Cl5

B15/v+FQ09/v+F08/v+F07/v

015[B15+F09/v+F08/v+F07/v

015(P15+F09/v+F08/v+F07/v (64)

10 where 015 indicates the mixture ratio of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel
value of the fifteenth pixel from the left in frame #n-1.

The sum f15 of the foreground components of the
fifteenth pixel from the left in frame #n can be expressed

15 Dby equation (65) based on equation (64).

£15 FO09/v+F08/v+F07/v

Cl5-015[P15 ' (65)
Similarly, the sum £16 of the foreground components of
the sixteenth pixel from the left in frame #n can be
20 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).

flé6 Cle-0le6lP1l6 (66)

£17

Cl7-017CP17 (67)

25 In this manner, the foreground components fc contained



supplied fromthe swtch 652 fromthe pixel value of the pixel in frame #n
supplied fromthe franme nenory 621 so as to obtain the foreground
conponents. The cal cul ator 653 supplies the foreground conponents of the

pi xel in frame #n 15 belonging to the covered background area to the

synt hesi zer 633. The synthesizer 633 conbi nes the foreground conponents

of the pixels belonging to the uncovered background area and supplied from
the cal culator 643 with the foreground 20 conponents of the pixels

bel ongi ng to the covered background- akéa-and supplied fromthe cal cul ator
653, and supplies the synthesized foreground conponents to the frane
menory 623. The synthesizer 634 conbi nes the background conponents of the

o el belog o e ored eaigavid nea and 28 Suapidad from the

switch 6 ground “cofpo e pixel's bel'onging to

t he coveﬁﬁg&g5%§gﬂapgk aa%%ﬁ.%%de |§éajﬂy' Jdah8 i (@) 652, and supplies

t he synt hesi Ze background conponents to the Tranme nenory 623. The frane
menory 623 steggres thgmporeground conponents 5 and the bggdggr ound
conmponents of the pixels in the m xed area of frame #n supplied fromthe

separ at | QheHe0 ¢e $isdn ate@C K a2 21 kB Vianae Jre e L33 WaRlisigt he stored
foreground conponents of the pixels in the mxed area in frame #n and 10

t he s$or@dxbach@rQdepQng@mgnE&a@k_the pixels in the mxed area in frane
o Fig. 51 illustrates the processing for separating the
foreground components from the pixels belonging to the
uncovered background area. In Fig. 51, Ol through 018
indicate mixture ratios of the individual pixels of frame #n.
10 In Fig. 51, the second through fourth pixels from the left
belong to the uncovered background area.

The pixel value C02 of the second pixel from the left

in frame #n can be expressed by equation (69):

C02 = B02/v+B02/v+B02/v+F0l/v
15 = 02[B02+F01/v
= 02[N02+F01l/v (69)
where 02 indicates the mixture ratio of the second pixel
from the left in.frame #n, and NO2 designates the pixel
value of the second pixel from the left in frame #n+l.
20 The sum f£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).

f02 = FOl/v

C02-a2[N02 (70)

25 Similarly, the sum f03 of the foreground components of



....By utilizing the mxture ratio a, which indicates the feature
quantity, the foreground conponents and the background conponents
contained in the pixel values can be 15 conpletely separated. The

synt hesi zer 603 conbi nes the foreground conponents of the pixels in the

m xed area in frame #n output fromthe separating portion 601 with the

pi xel s belonging to the foreground area so as to generate a foreground
conponent 20 image. The synt hesi zer 605 conbi nes the background

conponents of the pixels in the mxedjgrea in frame #n output fromthe
separating portion 601 with the pixels belonging to the background area so
as to generate a background conponent image. 25 Fig. 53A illustrates an
exanpl e of the foreground - 132 cogponent i mge corresponding to frame #n
in Fig. Z#be thdrd pperdstrpmxdhead@itthdn fdaeeth Cainxde erEFeeRed eft
consi st of only the background conmponents before the foreground and the
backgr ouRd &WeLdpEr dt'dd, aRE thes Suhd 045 ofi Be FRrGeLodrg set to 0. The
second and fourth pixels fromthe |ef eIon% to. the,un overe% backgr ound
ar ca bef GPEPPRENES! 251 GHd LAHA Tne L Ao RGPOURRate TSepl 4CEH° ABcSPt ngl y,
t he background congpgents are set 58 0, and the foreground conponents are
10 mai nt & EFPEFRESS Veﬁﬁﬁatﬁpgudﬁ Hirteenth pixels fromthe |eft belong

to th@ coveregO agk@BQQ&SDﬁdfa before the foreground angHBhe backgr ound
are separated. "Accordingly,

£04 = C04-04[N04 (72)

In this manner, the foreground components fu contained
in the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (73):

10 fu = C-0[N (73)
where N designates the pixel value of the corresponding
pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate the foreground components from the pixels

15 Dbelonging 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
information indicating the uncovered background area
contained in the area information, and the mixture ratio O

20 for each pixel.

Fig. 52 is a block diagram illustrating an example of
the configuration of the separating portion 601 for
executing the above-described processing. An image input
into the separating portion 601 is supplied to a frame

25 memory 621, and the area information indicating the covered



t he background conponents are set to 0, and the foreground conponents are
mai ntai ned. The fifth through tenth pixels 15 fromthe left consist of only
t he foreground conponents, which are thus naintained. Fig. 53B illustrates
an exanpl e of the background conponent inmage corresponding to franme #n in
Fig. 49. The |eftnost pixel and the fourteenth pixel fromthe left 20
consi st of only the background conponents before the foreground and the
background are separated, and thus, the background conponents are

mai nt ai ned. The second through fourt+h li&els fromthe |l eft belong to the
uncover ed background area before the foreground and 25 the background are
separated. Accordingly, the foreground - 133 conponents are set to 0, and

L1 L aCK SR SN S A Sond U AN e playen L L auan 44 1 eenth

pi xels fromthe e e covered background area ore the
f or egr ound NG d 6 NAGKA LIV A1 RAPALALLt 0 ACHH ALy o ld18 J Y £OT OUNG
conponents are set to O, and the backgroun conponents ‘are maintained. The

fifth throughe tagdn Rikels o fdQmthe defir&ansi sig 051@5#]%2216 foreground

conmponents, and ‘thus, the pixel values are set to O. e processing for

separating thenkoregmeUundndnd ke stQrRackaeoungd @xasiled by Lhets
f or egr ound/ background separator 105 is described below wth reference to

the fBowadarirames Fi gihdid.a |fr i prSAEL, pAdieeddadre drermine 681 afhd he
separating portion 601 obtains an input inmage, and stores
frame memory 621 stores frame #n-1, which is the frame one
frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.
The ffame memory 621 supplies the corresponding pixels
10 in frame #n-1, frame #n, and frame #n+l to the separation
processing block 622.
The separation processing block 622 applies the
calculations discussed with reference to Figs. 50 and 51 to
the pixel values of the corresponding pixels in frame #n-1,
15 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
mixture ratio O so as to separate the foreground components
and the background components from the pixels belonging to
20 the mixed area in frame #n, and supplies them to a frame
memory.623.
The separation processing block 622 is formed of an
uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.

25 . A multiplier 641 of the uncovered area processor 631



frame #n for which the foreground and the background are 15 separated
together with the previous frame #n-1 and the subsequent frame #n+l. In
step S602, the separation processing block 622 of the separating portion
601 obtains area information supplied fromthe m xture-ratio cal cul ator
104. In step S603, the 20 separation processing block 622 of the separating
portion 601 obtains the mxture ratio a supplied fromthe mxture- ratio
calculator 104. In step S604, the uncovered area processor 631 extracts

t he background conponents fromthe pixelb val ues of the 25 pixels bel ongi ng
to the uncovered background area supplied - 134 fromthe frane nenory 621
based on the area infornation and the mxture ratio a. In step S605, the

uncover ed area.processor racts e f.oregr,ou onents fromthe
pi xel va 6elL ¥ e plpi'é‘le B’€1 oifgi%tg t%"r? eﬁndﬁ\/%g &r ound area
supplied m_t.h 621 has area |nfornat|o and the
m xture rgp'gled %ro eS% € W§W8§yé%%& §Wé %ﬁ Je&dE5E 6331« acts the
backgr ound t r f th 0 .pi eI beI ing to

t he cove%e np:%r&?%u?\c a%?g’ﬁlgﬁupﬁd(g’& r g’%slt r gam]sswr%gcrrér gn%ed on

t he areashqﬁg%nggboqsa@qosggew@gﬁtyﬂg & ldrSleR 8607 the covered

area processor 632 extracts the foregro conponents fronlthe pi xel
val ues OUCEQ%espondlng 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
O supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the

10 pixel value of the pixel in frame #n+l by the mixture ratio
0 output from the switch 642 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.

The calculator 643 subtracts the background components

15 supplied from the switch 642 from the pixel valﬁe of the
pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 643
supplies the foreground components of the pixel in frame #n
belonging to the uncovered background area to the

20 synthesizer 633.

A multiplier 651 of the covered area processor 632
multiplies the pixel value of the pixel in frame #n-1
supplied from the frame memory 621 by the mixture ratio ,
and outputs the resulting pixel value to a switch 652. The

25 switch 652 is closed when the pixel of frame #n



15 pixel s belonging to the covered background area supplied fromthe frane
menory 621 based on the area information and the mxture ratio a. In step
S608, the synthesizer 633 conmbines the foreground conponents of the pixel's
bel onging to the 20 uncovered background area extracted in the processing
of step S605 with the foreground conponents of the pixels belonging to
the covered background area extracted in the processing of step S607. The
synt hesi zed foreground conponents are supplied to the synthesizer 603. The
25 synt hesi zer 603 further conbi nes-tba0p+xels belonging to the - 135
foreground area supplied via the swtch 602 with the foreground conponents
supplied fromthe separating portion 601 so as to generate a foreground

ESSES?@EA&%S%BR%&&?%?O? R8%,ParL K ARG Hr 1 ne LPRkdsTe a2 ar ound
area ext %851 E& trhee Logesalng of, +§LeR T ML LY Pﬁc‘é Lqund, 4
conponen? © P % ? §g|n8 to t%g covere% %é Euroun “areg”

extract ed,, bgfﬁa@ tngogggﬁgng Sk (F8900aThy syat heskeed bagkgr gund 10

conponents e su e synt zer synt hesi zer 605

further gopBhRes %Q%mp%%%|ﬁu9%h9@95Qg6%Q khea Q%@%ﬂﬁ%%@@ 3B8aapHPRhied Vvia
the swwtch 604 with the background conponents supplied fromthe separating

portimn s¢atnegiasrt @3denenakevalbackegtaunddcoppanent phage. the I n step
S610, the synthesizer 603 outputs 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
components of the pixel value of the corresponding pixel in
frame #n.

10 The calculator 653 subtracts the background components
supplied from the switch 652 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 653
supplies the foreground components of the pixel in frame #n

15 belonging to the covered background area to the synthesizer
633.

The synthesizer 633 combines the foreground components
of the pixels belonging to the uncovered background area and
supplied from the calculator 643 with the foreground

20 components of the pixels belonging to the covered background
area and supplied from the calculator 653, and supplies the
synthesized foreground components to the frame memory 623.

The synthesizer 634 combines the background components
of the pixels belonging to the uncovered background area and

25 supplied from the switch 642 with the background components



foreground conponent inmage. In step S611, the synthesizer 605 outputs the
background conponent inmage. The processing is then conpleted. As discussed
above, the foreground/ background separator 20 105 is able to separate the
foreground conponents and the background conponents fromthe input inage
based on the area information and the m xture ratio 06, and outputs the

f oreground conponent image consisting of only the foreground conponents
and t he background component inmage consisting of 25 only the background
conponents. - 136 Adjustnents of theldhodnt of notion blur of the

f oreground conponent inage are described below Fig. 55 is a block diagram
illustrating an exanple of the configuration of the notion-blur adjusting
unit 1060£5 thiee pimieilen beeohgingndot e epedividredbadkqeotad atelahaneof
supplied fromthe notion detector 102 are supplied to a wunit-of-processing
det er m nisngpppded drof0thendwa tebdels2 ,f and Beppdrntisorth@023ynahésd zed cul at or
805. The area information supplied fromthe area specifying unit 103 is 10
suppl i ed backgreundi toopoprates siondheetferamenimegqopgr t6i28n 801. The foreground
conponent image supplied fromthe foreground/ background separator 105 is
suppl i ed to aBhadfeame8fdmoThetdni stofepr bbesspnggdetrdntompgnentsi on 801
15 generates the unit of processing based on the notion vector and the
posi t? onand #her kackgroungr eompoaed tishe@fatdg pixels in the mixed

area of frame #n supplied from the separation processing
block 622.

The frame memory 623 outputs the stored foreground

components of the pixels in the mixed area in frame #n and
10 the stored background components of the pixels in the mixed
area in frame #n.

.By utilizing the mixture ratio @, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be

15 completely separated.

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 és to generate a foreground component

20 image. The synthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
output from the separating portion 601 with the pixels
belonging to the background area so as to generate a
background component image.

25 Fig. 53A illustrates an example of the foreground



i nformation, and supplies the generated unit of processing to the

nodel -form ng portion 802 and the adder 804. As indicated by Ain Fig. 56,
for exanple, the unit of 20 processing generated by the unit-of-processing
determning portion 801 indicates consecutive pixels disposed in the
noving direction starting fromthe pixel corresponding to the covered
background area of the foreground conponent inage until the pixel
correspondi ng to the uncovered 25 background area, or indicates consecutive
pi xel s disposed in - 137 the noving di¥%ction starting fromthe pixe
corresponding to the uncovered background area until the pixel
corresponding to the covered background area. The unit of processing is

formed ofcdngomes emnafe oo ar sk s ingli €at erake f0 SxanDL e, 24 he mpper | eft
point (which is the position of the Teftnost or the topnost pixel in the

i mage desligfatest hyixd heandi thof rpiLeesstmgpiaad £hem! onerigsght point. The
nodel -form ng portion 802 forns a nodel based on the notion vector and the

i nput unic¢orsd ipr orPessilng. tidriea diyspeacd feamddryen f Oro€xswr®| €he t he

nodel -form ng portion 802 nmay store in advance a plurality of nodels in
accor danceorggtpundeandinttesr lpdclpyxaisd carg ad eppairad ted heanddi thwd, prresessi ng,
the nunber of virtual divided portions of the pixel value in the tine

di rec®i orRismld wdlarerurdes ¥t fior r ound conponents 15 for each pixel. The
nodel -form ng portion 802 then may select the nodel in which the
correlation b &gcong gindelfourdihy@d xgds tfhenf dheyrlefrid bedmpgneot s i s

designateqi such as
the uncovered background area before the foreground and the

background are separated. Accordingly, the background
components are set to 0, and the foreground components are

10 maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
‘the background components are set to 0, and the foreground
components are maintained. The fifth through tenth pixels

15 from the left consist of only the foreground components,
which are thus maintained.

Fig. 53B illustrates an example of the background
component image corresponding to frame #n in Fig. 49. The
leftmost pixel and the fourteenth pixel from the left

20 consist of only the background components before the
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

25 the background are separated. Accordingly, the foreground



that in Fig. 57, based on the unit of processing and the nunber of virtual
di vided portions of the pixel value in the 20 time direction. It is now
assuned, for exanple, that the nunber of pixels corresponding to the unit
of processing is 12, and that the anmpbunt of nmovement v within the shutter
time is 5. Then, the nodel-form ng portion 802 sets the nunber of 25
virtual divided portions to 5, and selects a nodel fornmed of - 138 eight
types of foreground conponents so that the |eftnost pixel contains one

f oreground conponent, the second pixel33fromthe |left contains two
foreground conponents, the third pixel fromthe left contains three
foreground conponents, 5 the fourth pixel fromthe left contains four pixel

conponentgmyRenftsl LhePiske! +hf OM Lhg kel e Bithd ickhpohahedr awad
conponents, the sixth pixel fromthe left contains five foreground

conponentei nftRE ngQY, eNirh ePie 8l ehi @Mt nirb@ e fth 1G@RlAItES iixea sf Frear eurd
conponents, the eighth 10 pixel fromthe |left contains five foreground

conponentieftt BR1oigntd Rheeloheedd e dkefrious@niadieds Hedd of @heground
conponents, the tenth pixel fromthe left contains three foreground

conponentes,relgheualdevad Rhel ¥alckbiremnidha deefslepadenical .ns Alcwd ridaneggkqund
conponents, and the twelfth pixel 15 fromthe | eft contains one foreground
conpahentthel Fatread oahds eoapbinegta padelseftr am tOhe aprdesther &dckpdeusd t he
nodel -form ng portion 802 nmay generate a nodel based on the notion vector
and t he gomponfenmsoeessimagnthénethe fiwel difth through tenth pixels
from the left consist of only the foreground components, and
thus, the pixel values are set to 0.
The processing for separating the foreground and the
10 background executed by the foreground/background separator
105 is described below with reference to the flowchart of
Fig. 54. 1In step S601, the frame memory 621 of the
separating portion 601 obtains an input image, and stores
frame #n for which the foreground and the background are
15 separated together with the previous frame #n-1 and the
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 104. In step S603, the
20 separation processing block 622 of the separating portion
601 obtains the mixture ratio O supplied from the mixture-
ratio calculator 104.
In step S604, the uncovered area processor 631 extracts

the background components from the pixel values of the

25 pixels belonging to the uncovered background area supplied



vector and the unit of processing are supplied. 20 The nodel -form ng
portion 802 supplies the selected nodel to an equati on generator 803. The
equati on generator 803 generates an equation based on the nodel supplied
fromthe nodel -form ng portion 802. A description is given below, with
reference to the nodel of 25 the foreground conponent image shown in Fig.
57, of an - 139 equation generated by the equation generator 803 when the
nunber of foreground conponents is 8, the nunber of pixels corresponding
to the unit of processing is 12, the &3dumt of novenent v is 5, and the
nunber of virtual divided portions 5 is 5. Wen the foreground conponents
contained in the foreground conponent imnmage corresponding to the shutter

time/v arsedndine tffHa%&f&lenFo%/\ezﬂ hade] dd Ahifs Petnama il \Lddr ough

FO8/v and the pixel values t hrough Cl12 can 10 be expressed by equations

(74) thrangh n(i8)ureC@ht3F@L/ v (74) 02 = F02/v+F01l/v (75) Q03 =
FO3/ v+F02/ v+FO v (76) €04 = F04/v+F03/v+F02/v+FO v (77) 15 Q05 =
FO5/ v+F04/ v+FQ3/ 8+EP25666Q yhe78hcoGbed ERBAVPHEQTLEsER4LB+FRRAYAEQR/ V (79)

CO07 = FO7/v+F06/ v+FO05/ v+F04/v+F03/v (80) (C08 =
FO8/ v+F0 thet FRG/eriie@d/dy tetonerdl) £rCad theF@i/xeflF&A urdf0@/fv tHb/ v (82)
5 pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio o.
In step S606, the covered area processor 632 extracts
the background components from the pixel values of the
10 pixels belonging to the covered background area supplied
from the frame ﬁemory 621 based on the area information and
the mixture ratio «.
In step $S607, the covered area processor 632 extracts
the foreground components from the pixel values of the
15 pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S608, the synthesizer 633 combines the
foreground components of the pixels belonging to the
20 uncovered background area extracted in the processing of
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

25 synthesizer 603 further combines the pixels belonging to the



20 C10 =

FO8/ v+F07/ v+F06/v (83) Cl1 = FO8/v+F07/v (84) Cl2 = FO8/v (85)

The equation generator 803 generates an equation by nodifying the

generate
803 are

10E01/ v+
1CE01/ v+
10' 01/ v+
10' 01/ v+
10' 01/ v+
OOEO1/ v+
OOFQO1/ v+
0CEO1/ v+
00' 01/ v+
00' 01/ v+

10

15

20

25

d equations. The equations generated 25 by the equation generator
i ndi cated by equations - 140 (86) though (97) . COL =

OLEO2/ v+00' 03/ v+00' 04/ v+00EO5/v  +01l1 EO6/ v+00OEQO7/ v+O0OEQ8/v Q02 =
1L' 02/ v+0"NEO3/ v+0L' 04/ v+CQDE' 05/v 5 +00' 06/ v+0CEQ7/ v+0CEO8/v CO3 =
10' 02/ v+10' 03/ v+00' 04/ v+00' 05/v  +00' 06/ v+O0EQ7/ v+00' 08/v Q04 =
10E02/ v+10' 03/ v+1CE04/ v+00' 65A¥> +00' 06/ v+00E07/ v+0OEO8/v 10 C05
10' 02/ v+1CEQ3/ v+10' 04/ v+10EO05/ v +00' 06/ v+00' 07/ v+0ClI EO8/v C06 =
10' 02/ v+1CEQ3/ v+10' 04/ v+1CEO5/v +10' 06/ v+00' 07/ v+00OE08/ v Q07 =

Q%%%ﬁ\btﬁ@%?ﬂe\&mi /el GEQD/the e PR X (LD 4/ner ODEO8/ v CO8
0CE02/ v+00' 03/ v+10"04/ v+10E05/ v +10' 06/ v+10EQ7/ v+10E08/ v CD9 =

GOEGY NN CAptRERY sty 102/ £ richD' 1 \welddBOA il @ 38/1%w 20" C1 O =
00' 02/ v+00' 03/ v+00' 04/ v+00' 05/ v
601 so as to generate a foreground component image.

In step S609, the synthesizer 634 combines the
background componenﬁs of the pixels belonging to the
uncovered background area extracted in the processing of
step S604 with the background components of the pixels
belonging to the covered background area extracted in the
processing of step S606. The synthesized background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels 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 S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the backgfound component image. The processing
is then completed.

As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the input image based on the area
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.



+10E06/ v+10' 07/ v+10' 08/v Cl1 = 0CEO1/v+00' 02/ v+00' 03/ v+00' 04/ v+00' 05/ v
+00' 06/ v+10' 07/v+10' 08/v Cl12 = QL O1/v+0CE 02/ v+00' 03/ v+COLE' 04/v+00' 05/v
25 +OLE 06/ v+OL] EO7/v+1LIE 08/v (86) (87) (88) (89) (90) (91) (92) (93)
(94) (95) (96) (97) - 141 Equations (86) through (97) can be expressed by
equation (98). 0Oe G =Eaij F [/ v 1=01 (98) In equation (98), |

desi gnates the position of the 5 pixel. In this exanple, j has one of the
values from1l1l to 12. In equation (98a36i designates the position of the

Adjustments of the amount of motion blur of the
foreground component image are described below.

Fig. 55 is a block diagram illustrating an example of
the configuration of the motion-blur adjusting unit 106.

5 The motion vector and the positional information thereof
supplied from the motion detector 102 are supplied to a
unit-of-processing determining portion 801 and a model-
forming portion 802, and a calculator 805. The area
information supplied from the area specifying unit 103 is

10 supplied to the unit-of-processing determining portion 801.
The foreground component image supplied from the
foreground/background separator 105 is supplied to an adder
804.

The unit-of-processing determining portion 801

15 generates the unit of processing based on the motion vector
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. 56, for example, the unit of

20 processing generated by thelunit—of—processing determining
portion 801 indicétes consecutive pixels disposed in the
moving direction starting from the pixel corresponding to
the covered background area of the foreground component
image until the pixel corresponding to the uncovered

25 Dbackground area, or indicates consecutive pixels disposed in



foreground value. In this exanple, i has one of the values from1l1l to 8. 1In
equation (98), aij has the value 0 or 1 according to the values of i and
j. 10 Equation (98) can be expressed by equation (99) in consideration of
the error. Oe ¢ = 1: aijFi/v+ej 1=01 (99) In equation (99), e
designates the error contained in the designated pixel ¢ . 15 Equation
(99) can be nodified ' into equation (100). Oe e =G - aij F [/ v i=01
(100) In order to apply the nmethod of |east squares, the square sum E of
the error is defined as equation (16113712 E _ E ej2 (101) =01 20 In
order to mnimze the error, the partial differential value using the
variable Fk with respect to the - 142 square sumE of the error should be

0. Fk i's Gf! JUNef H% 1Al LA AN 1N ISP i) &hr r dp b 38
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,

5 for example, the upper left point (which is the position of
the leftmost or the topmost pixel in the image designated by
the unit of processing) and the lower right point.

The model—fbrming portion 802 forms a model based on
the motion vector and the input unit of processing. More

10 specifically, for example, the model-forming portion 802 may
store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel wvalue in
the time direction, and the number of foreground components

15 for each pixel. The model-forming portion 802 then may
select the model in which the correlation between the pixel
values and the foreground components is designated, such as
that in Fig. 57, based on the unit of processing and the
number of virtual divided portions of the pixel value in the

20 time direction.

It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of

25 wvirtual divided portions to 5, and selects a model formed of



L aFk =01 &k j =2 e 12 08 2- E((G - ZzZaijFi/v)(-akj/v) =0 j=01i=01

(102) In equation (102), since the amount of novenent v is a 5 fixed val ue,
equation (103) can be deduced. 12 08 1 akj (G - Zaij Fi [/ v) =0 j=01
i =01 (103) To expand equation (103) and transpose the terns, equation (104)
can be obtained. 12 08 12 1(akj>aijFi)=vl: akj.G i=01 f=01 =01 (104) 10
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 d3&8 matri x equation. This equation is

referred to as a "normal equation”

eight tfpes 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,

5 the fourth pixel from the left contains four pixel
components, the fifth pixel from the left contains five
foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel frﬁm
the left contains five foreground components, the eighth

10 pixel from the left contains five foreground components, the
ninth pixel from the left contains four foreground
components, the tenth pixel from the left contains three
foreground components, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel

15 from the left contains one foreground component.

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.

20 The model-forming portion 802 supplies the selected
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

25 the foreground component image shown in Fig. 57, of an



15 An exanple of the normal equation generated by the equation generator
803 based on the nethod of |east squares 1is indicated by equation (105). -
143 543 21000F0 45432100F02 34543210F03 234
54321F04 12345432F055 01234543F06 00123454
FO7 00012345F08 F121 G i=08 11 G i=07 10 G i=06 09 EC =
V i=05 08

- 139 -

equation 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, the amount of

movement v is 5, and the number of virtual divided portions
5 is 5.

When the foreground components contained in the
foreground component image corresponding to the shutter
time/v are F0l/v through F08/v, the relationships between
FO0l1/v through F08/v and the pixel values CO0l through Cl2 can

10 be expressed by equations (74) through (85).

CO0l = FOl/v (74)
C02 = FO02/v+F0l/v (75)
C03 = F03/v+F02/v+F01lv (76)
C04 = F04/v+F03/v+F02/v+FOlv (77)
15 C05 = F05/v+F04/v+F03/v+F02/v+F0lv (78)
C06 = FO06/v+F05/v+F04/v+F03/v+F02/v (79)
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 = FO08/v+F07/v+F06/v+F05/v (82)
20 Cl0 = FO08/v+F07/v+F06/v (83)
Cll = F08/v+F07/v (84)
Cl2 = F08/v (85)

The equation generator 803 generates an equation by
modifying the generated equations. The equations generated

25 Dby the equation generator 803 are indicated by equations



(105) 2:

G

expressed by AL'=vLC, C, A and v are known, and F

known when the 5 nodel
value is input

in the addition processing. By calcu

i=09 07 EC i=03 06 Y, G 1i=02 05 Wen equation (105) is

s unknown. A and v are

is formed, while C becones known when the pixe

ating the foreground

conponents according to the normal equation based on the nethod of |east

squar es,

the error contained in the pixel

equati on generator 803 supplies the normal equation
above to the adder 804. The adder 8064 1déts, based on the unit of processing
supplied fromthe unit-of-processing determning portion 801, the pixel
value C contained in the foreground conponent 15 inage in the matrix
equat i on Pl fif o9Ahe equation - 144 generator 803. The adder 804
supplies the matrix in which the pixel value Cis set to a cal cul ator 805.

The cal cmt or 1889 192ketkab 2s+bheo s p-eareEind, CorERe et

10

15

20

25

coz

co3

co4

Cc05

Cco6

co7

cos8

c09

Cl0

Cl1

Cl2

+0F06/v+0F07/v+0F08/v
1[FO1/v+1F02/v+0F03/v+0[F04/v+0[FO05/v
+0[F06/v+0F07/v+0F08/v
1(FO01/v+1F02/v+1F03/v+0[F04/v+0F05/v
+0[F06/v+0[F07/v+0[F08/v
1F01/v+1[F02/v+1F03/v+1[F04/v+0[F05/v
+0F06/v+0F07/v+0F08/v
10F01/v+1[F02/v+1F03/v+1F04/v+1[F05/v
+0[F06/v+0F07/v+0[F08/v
0F01/v+1[F02/v+1[F03/v+1[F04/v+1[F05/v
+1EF06/V+OEFO7/v+OEF08/V.
O(F01/v+0F02/v+1[FO03/v+1[F04/v+1[F05/v
+1(F06/v+1[F07/v+0F08/v
OCF01/v+0[F02/v+0[F03/v+1[F04/v+1[FO05/v
+1F06/v+1F07/v+1[F08/v
OCF01/v+0[F02/v+0[F03/v+0F04/v+1[F05/v
+1F06/v+1F07/v+1[F08/v
OF01/v+0[F02/v+0[F03/v+0[F04/v+0F05/v
+1[F06/v+1F07/v+1[F08/v
OF01/v+0F02/v+0[F03/v+0[F04/v+0[FO05/v
+0F06/v+1[F07/v+1[F08/v
OCF01/v+0[F02/v+0[F03/v+0(F04/v+0F05/v

+0LF06/v+0LF07/v+1F08/v

C can be distributed. 10 The

generated as di scussed

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(94)

(95)

(96)

(97)



Fi/v fromwhich notion blur is elimnated by the processing 5 based on a
sol ution, such as a sweep-out nethod (Gauss Jordan elimnation), so as to
obtain Fi corresponding to i indicating one of the integers from1l to 8,
which is the pixel value fromwhich notion blur is elimnated. The
cal cul ator 805 then outputs the foreground conponent inmage 10 consi sting of
the pixel values Fi without notion blur, such as that in Fig. 58, to a
noti on-bl ur adder 806 and a selector 807. In- the foreground conmponent

i mage w thout notion blur shown in-Fil§l 58, the reason for setting FO1
through FO8 in 15 C03 through CI O respectively, is not to change the
position of the foreground conponent imge with respect to the screen.
However, FO1 EQ&QEQBnEoﬁsagytﬁgoﬁsh_uavﬁnxaqeﬁbr@Qpeegggaoﬁ§- The _
noti on-bl ur adder 806 is able to adjust the amount of notion blur by adding
the anmouriyuétily Wwhiggh notion blur 20 is adjusted, which is different from
t he anobunt of novenent v, for exanple, the anmount v' by which notion blur
is adjusted, ich is one half the value of the anount of novenent v, or
the amouitl &7 awhi'd fovion blur is adjusted, which is irrl@8dvant to the
anount of novenBnt v. 25 For exanple, as shown in Fig. 59, the notion-blur
adder 806 - 145 divides the foreground pixel value Fi w thout notion blur
by the anpbunfnvegbgtibncli9fbt i ondbbiugnaseadtbst pdssbias o6 tbbtain the
foreground conponent Fi/v'. The notion-blur adder 806 then calcul ates the
sum o¥ t péxkdregloundiis example, j has one of the values from 1 to

12, In equation (98), i designates the position of the
foreground value. In this example, i has one of the valués
from 1 to 8. In equation (98), aij has the value 0 or 1
according to the values of i and j.

10 Eguation (98) can be expressed by equation (99) in

consideration of the error.

08
Cj= D aij Fi/v + ej (99)

1i=01

In equation (99), ej designates the error contained in

the designated pixel Cj.

15 Equation (99) can be modified into equation (100).
08
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
E= ) ef (101)

j=01

20 In order to minimize the error, the partial

differential value using the variable Fk with respect to the



5 conmponents Fi/v', thereby generating the pixel value in which the anount
of notion blur is adjusted. For exanple, when the anmount v' by which
notion blur is adjusted is 3, the pixel value C02 is set to (FOl1)/v', the
pi xel value C3 is set to (FO1+F02)/v', the pixel value C0O4 is set to 10
(FO1+F02+F03)/v', and the pixel value C05 is set to (FO2+FC3+F04) /v’

The notion-blur adder 806 supplies the foreground conponent inmage in which
the amount of notion blur is adjusted to a selector 807. 15 The sel ector
807 sel ects one of the foreground cof#énent inmage without motion bl ur
supplied fromthe calculator 805 and the foreground conponent image in

whi ch the anount of notion blur is adjusted supplied fromthe notion-Dblur
adder 80Gdased (ih & o atld A d9ndouief retd Ng B0 & UstlemnisRIEEd on, and
outputs the sel ected foreground conponent inmage. As di scussed above, the

nmot i on- bldHa iRt uid2)106 dJ=iadied.0 adj ust the anmount of notion blur

based on selagtionJ%Lgnal and the anount v' by which notion blur is

25 adj ust = Jl4 éﬁsoflfor exanpl e, when the nunber of pixels

correspoﬂ@ﬂhg to tWe UnioFkof processing is 8, and the amount of novenent v
is 4, as shown iniFig. 60, he notion-blur adjusting unit 1080fenerates a

‘matrix equat zon edpregsed Dyail -emuat vpn (AOPY.v) = 0
j=01 1=01

In equation (102), since the amount of movement v is a

5 fixed value, equation (103) can be deduced.

12 08
Dakj-€j- D aij-Fi/v) =0 (103)

j=01 1=01

To expand equation (103) and transpose the terms,

equation (104) can be obtained.

12 08 12
Z(akj-Zaij-Fi)=vZakj-Cj (104)
j=01 i=01 j=01

10 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".

15 An example of the normal equation generated by the
equation generator 803 based on the method of least squares

is indicated by equation (105).



081 ECG 43210 34321 23432 12343 01234F0 F®
FO8 F04 FCO6 =v ICG (106) i=04 06 EG i=03 051 C 1=02 04 i=05 07
[2: G i=01 |

5 43 210 0 0fF01] 1=07
4543210 0fF02 D> ci
3 45 4321 0||F03 e
2 3 45 43 2 1|Fo4 ;OSCi
12345432F05=V'A°V:’:Ci (105)
0 1 2 3 4 5 4 3|F06 1204
00123 45 4[F07 Yoei
0 0 0123 4 5|F08] 1=03

When equation (105) is expressed by AlF=v(L, 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



In this manner, the notion-blur adjusting unit 106 <calculates Fi, which is
the pixel value in which the amount 10 of notion blur is adjusted, by
setting up the equation in accordance with the length of the unit of
processing. Simlarly, for exanple, when the nunber of pixels contained

in the unit of processing is 100, the equation corresponding to 100 pixels
is generated so as to calculate Fi. 15 Fig. 61 illustrates an exanpl e of
anot her configuration of the notion-blur adjusting unit 106. The sane
elements as those shown in Fig. 55 afd4ésignated with |ike reference
nuneral s, and an explanation thereof is thus omtted. Based on a sel ection
signal, a selector 821 directly - 147 supplies an input notion vector and

a positi epalersitialgo.hermerf daidhes gmnidurf i PGassind el amriyHing portion
801 and the nodel-form ng portion 802. Alternatively, the selector 821

may substiHeltd dd1e vaRg tdide Qfet ( idam B ameat @ody the anount v' by

whi ch notion blur is adjusted, and then supplies the notion vector and the
posi tional sirgeakathataabrt @06heatrutl agesprbeeEoiregrdaner Fompbgeparti on
801 and the nodel-formng unit 802. Wth this arrangenent, the

uni t - of - pric/oe ssiany whi cde trertniiom gl yporits el B0ina tedugh tthee adcadsdtmay 805 of
the notion-blur adjusting unit 106 shown in Fig. 61 are able to adjust

t he aboudtaseEd mot icosdiluiriam agcdy dence sMgap-the: mathad @faussrenent v and
the amount v' by which notion blur is adjusted. For exanple, when the
anmount ofars\eensdtinigagion), so as to obtain Fi corresponding to i

indicating one of the integers from 1 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
10 consisting of the pixel values Fi without motion blur, such
as that in Fig. 58, to a motion-blur adder 806 and a
selector 807.
In the foreground component image without motion blur
shown in Fig. 58, the reason for setting F0l through F08 in
15 C03 through C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, FOi 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. 59, the motion-blur adder 806



15 and the anount v' by which notion blur is adjusted is 3, the

uni t-of - processing determ ning portion 801 through the cal cul ator 805 of
the notion-blur adjusting unit 106 showmn in Fig. 61 execute conputation on
t he foreground conponent image in which the amount of novenent v is 5
shown in Fig. 20 57 according to the nodel shown in Fig. 59 in which the
anmount v' by which notion blur is adjusted is 3. As a result, the i mge
cont ai ni ng notion blur having the amount of novenent v of (anount of
moverment v)/(amount v' by which notidtdblur is adjusted) = 5/3, i.e.

about 1.7 is obtained. 25 In this case, the calcul ated i mrage does not
contain notion - 148 blur corresponding to the amount of novenent v of 3.

Accor di ngiiwidds stHul b Rey kR dihatl thedelmt ipnafdp: Retvgen e @pount

of novenent v and the anobunt v' by which notion blur is adjusted is
di f f er enttd mduie resWyt Wi dihienothi dtdafy bl diradddere B0 A5 @ scussed

above, the notion-blur adjusting unit 106 generates the equation in
accor danatditrh dHee furegiownid demesmstt Wignd I hernmidowforpiaassi ng, and

sets the pixel values of the foreground conponent imge in the generated
10 equat iaaiden reemhetalcall atliatge s hehd anegralinthe diosterduridage i n whi ch
t he anobunt of notion blur is adjusted. The processing for adjusting the
anounbd ofcampdremmts Ui/ wonttdiermby rgdrtesdoimey riden g icoriporednte iimage execut ed
by the notion-blur adjusting unit 106 is described below with 15 reference
to the f|vd\,§@iar‘qheofarrﬁ1_g1_t gL motion blur is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 1is set to (F01)/v', the pixel value C3
is set to (FO0l+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.



In step S801, the unit-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 the generated
unit of 20 processing to the nodel-form ng portion 802. In step S802, the
nodel -form ng portion 802 of the notion-blur adjusting unit 106 selects or
generates the nodel in accordance with the anount of novenent v and the
unit of processing. In step S803, the equation generator 25 803 generates
the normal equation based on the seredttéd—- 149 nodel. |In step S804, the
adder 804 sets the pixel values of the foreground conponent inmage in the
generated nornmal equation. In step S805, the adder 804 determ nes whet her
5 the pixel vahygs ebrakkakBeePi ¥8ks ¢aeraapead B¢ bHexkhe unit  of
processing are set. If it is determned that the pixel values of all the
pi xel s coresRPIHNANGG & d Rt t0fof PrERsY it al NotankLitheelamdis:
process returns to step S804, and the processing for setting the pixel

val ues i ft hevkhehdr RlisequatdsosHown epeatied. ddf, ithd matat@i-HpIRad in step
S805 that the pixel values of all the pixels corresponding to the unit of
processi _g]j uatd ngetun itthd O @EeRs aifeGC et trd xSteeuaFHMm dxpraiseedSe6, the
cal cul at or 805 cal cul ates the pixel values of the 15 foreground in which

t he avoumueftiomt i@®el.ur is adjusted based on the nornal equation in

whi ch the pixel values are - .

4 3 2 1 0fF01] Y ci

3 4 3 2 1|F02 {=04

2 3 43 2|Fo3|=v-|[Yci (106)
1 2 3 4 3|F04 s

012 3 4

FO5 | 2. ci

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. 61 illustrates an example of another configuration
of the motion-blur adjusting unit 106. The same elements as
those shown in Fig. 55 are designated with like reference
numerals, and an explanation thereof is thus omitted.

~Based on a selection signal, a selector 821 directly



set supplied fromthe adder 804. The processing is then conpleted. As

di scussed above, the notion-blur adjusting unit 106 20 is able to adjust
t he amount of notion blur of the foreground i mage containing notion blur
based on the notion vector and the area information. That is, it is

possi ble to adjust the amobunt of notion blur contained in the pixel

val ues, that is, contained in 25 sanpled data. - 150 Fig. 63 is a block
diagramillustrating another exanple of the configuration of the
motion-blur adjusting unit 106. The /% on vector and the positional
information thereof supplied fromthe notion detector 102 are supplied to
a 5 unit-of-processing determ ning portion 901 and an adjusting portion

905. The @R id¥ drmatift spRlded ddie thel o GbssPemdyidigdgit 103 is
supplied to the unit-of-processing determning portion 901.” The foreground

conponenttHdwgsr RMd ath ft-o-ide dety S P Ul daieaiy sh e dqr 105 is
10 supplied to a calculator 904. The unit-of-processing determ ning portion

901 genemi eéhd hdylitf AmiiPgessiih EEREd AL idnDively veateor and the
positional information thereof and the area information, and supplies the

gener at edsalridtad gRlocessisubsts hittea thededladrartidy oOriieomdibi oget her
wth the notion vector. The nodel -form ng portion 902 fornms a nodel based
on 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. 61 are able to
adjust the amount of motion blur in accordance with the
amount of movement.v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,
15 and the amount v' by which motion blur is adjusted is 3, the
unit-of-processing determining portion 801 through the
calculator 805 of the motion-blur adjusting unit 106 shown
in Fig. 61 execute computation on the foreground component
image in which the amount of movement v is 5 shown in Fig.
20 57 according to the model shown in Fig. 59 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



the notion vector and the input unit of processing. Mire specifically, for
exanpl e, the nodel-formng portion 902 20 prestores a plurality of nobdels
correspondi ng to the nunber of pixels contained in the unit of processing,
t he nunber of virtual divided portions of a pixel value in the tine
direction, and the nunber of foreground conponents of each pixel, and

sel ects a nodel indicating the relationship 25 between the pixel values and
t he foreground conponents, such - 151 as that shown in Fig. 64, based on
the unit of processing and the nunbel4df -virtual divided portions of a

pi xel value in the time direction. For exanple, when the nunber of pixels
corresponding to 5 the unit of processing is 12, and when the anount of

movenent wi S QrddiHdmiely {1 MY RO P Rel&aHt S, &¢ rpdel having the
nunber of virtual divided portions of 5 and consisting of, on the whole,

ei ght f oe@ddardienpPanRervbulld ddhar@leaira el re tdhie diftippst pi xel

contains one 10 foreground conponent, the second pixel fromthe |eft

cont ai Ns Yerwdedl agicd Wit A ethvemdrte ¢ idd fHelmduramiheyy hefilcrcont ai ns
t hree foreground conponents, the fourth pixel fromthe left contains four

f or egr oundb ti@rp®ient 9,s tdue) fdtfddh igpidde f frenrn tthent efHe s AINS it

foreground conponents, the 15 sixth pixel fromthe left contains five

f or egb oumdb t icomdnentasiderh e 0event h pi xel fromthe left contains five

foreground conponents, the eighth pixel fromthe left contains five

f oreground coApordéstusseldeaboneh pheemoftiom-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. 62.

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 5802, 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



the left contains four foreground conponents, the tenth 20 pixel fromthe

| eft contains three foreground conponents, the eleventh pixel fromthe

| eft contains two foreground conponents, and the twelfth pixel fromthe

| eft contains one foreground pixel. Instead of selecting a nodel from
prestored nodels, the 25 nodel-formng portion 902 may generate a nodel
when the - 152 notion vector and the unit of processing are supplied,
based on the notion vector and the unit of processing. An equation
generator 903 generates an equation-bd%®d - on the nodel supplied fromthe
nodel -form ng portion 902. 5 A description is now given, with reference to
t he nodel s of foreground conponent imges shown in Figs. 64 through 66, of
an exanplgLf; the equation generated by the equation generator 903 when

t he nunber of foreground conponents is 8, the nunmber of pixels

correspondlnglhoskvﬁ £@ouni tnaf sBHREESDUNG IS e %&Qe&h%aQGQB”EfOf
novenment v is 5. en the foreground conponents contained in the

f or egr ounth £ IR HudTRI N RS PR G i cHh &ystuidtdd ddrim{lv are FOl/v
t hrough FO8/v, the relationships between FO01/v through FO08/v and pi xel

val ues CQLuidtiegh G2 saasp 380K, ety estbsk B0 £diedd @isds/ dhdtneaugh (85),
as stated above. By considering t he pixel values Cl12 and Cl1, the pixel
val ue5 Clxzontiaiais venllues ket fadrle grheund xcdnp arente S84 ncAsto ety egsied by
equation (107), and the pixel value Cl1 consists of the product sum of the
f oreground gomuerseyitng are set. If it is determined that the pixel
| values of all the pixels corresponding to the unit of
processing are not yet set, the process returns to step S804,
and the processing for setting the pixel values in the
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 S806. In step S$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 values 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 is, it is possible to adjust the amount of motion

blur contained in the pixel values, that is, contained in

25 sampled data.



20 FO8/v and the foreground conponent FO7/v. Accordingly, the foreground
conponent FO7/v can be found by equation (108). F08/v = Cl2 (107) FO7/v =
Cl1-Cl1l2 (108) Simlarly, by considering the foreground conponents 25
contained in the pixel values Cl10 through CO01, the - 153 foreground
conmponents FO6/v through FO1/v can be found by ‘equations (109) through
(114), respectively. FO6/v = Cl10-Cl1 (109) FO5/v = C09-Cl10 (110) 5 FO4/v
= C08-C09 (111) FO3/v = CO7-CO8+Cl2 (112) FO2/v = C06-C07+Cl1-C12 (113)
FO1/v = C05- C06+C10-C11 (114) The equdtilorr generator 903 generates the
equations for 10 calculating the foreground conponents by the difference
between the pixel values, as indicated by the exanples of equations (107)

through (114) p;Fhecaqyat bOB1gERCHaLE 2303 1154RRLIES ! B%o%@?r %&sﬂ gguati ons
to the calculator 904. The cal culator 904 sets the pixel ues o the 15

foregroungt GOMPQIRRIELJUTRES di dh e RO Ui i1 BURPld BthSi019 Jrhe aquati on
generator 903 so as to obtain the foreground conponents based on the

equat i ONTHe Mdtieh e tiixeind/ alHeposre Rl o reaire, t b equat i ons
(107) through (114) are supplied fromthe equati on generator 903, the
cal cul at arupl i¥W fFeins tHe npitiein \GRIteest @09 dhrameg s uphA gl equat | ons (107)
5 unit-of-processing determining portion 901 and an adjusting
portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit-of-processing
determining portion 901. The foreground component image
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 thereof and the area
information, and supplies the generated 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
20 prestores a plurality of models corresponding to the number
of pixels contained in the unit of processing, the number of
virtual divided portions of a pixel value in the time
direction, and the number of foreground components of each
pixel, and selects a model indicating the relationship

25 Dbetween the pixel values and the foreground components, such



t hrough (114). The cal cul ator 904 cal cul ates the foreground conponents
based on the equations in which the pixel values are set. For exanple, the
cal cul ator 904 cal cul ates the foreground 25 conponents FO1l/v through F08/v,
as shown in Fig. 65, based - 154 on the cal cul ations of equations (107)
through (114) in which the pixel values CO5 through Cl2 are set. The

cal cul at or 904 supplies the foreground conponents FOl/v through FO8/v to
the adjusting portion 905. 5 The adjusting portion 905 nmultiplies the
foreground conponents supplied from tUsd cal cul ator 904 by the anmount of
novenent v contained in the notion vector supplied fromthe

uni t - of - processi ng determ ni ng portion 901 so as to obtain the foreground

pi xel val j I when t he
f oregroun a&'e?ﬁrgp%?eﬁrlﬁusﬁnﬁg? \?Ot hr oug d%o%%vﬁa?{eg ga?ogﬁjl ed% rcger%%e al cul at or
904,  theRdidid INGRAY td 07 90% Ml d i Pl Esa §ash Qind Ner faorﬁqxéauaﬂalue

conponents FO1l/v through FO8/v by the anmount of novenent v, . 5, so as
to obtai nd hend arie@ eund idegl . val ues FO1 15 through FO8 fron1mh|ch not i on
blur is elimnated, as shown in Fig. 66. The adjusting portion 905

supplies the ﬁ:‘@rre@&@hh@de CQRRANERk NG rCOFS ipdikiens @fortrlé%pbaaaago%d pi xel
val ues w thout notion qur cal cul ated as descri bed above to a 2

mot i 0B- bltile addey Ok ssisr} e Ar2 9Ghd Wreenmiiionmduit agdder 906 is able
to adjust the anount

movement v is 5, the model-forming portion 902 selects a
model having the number of virtual divided portions of 5 and
consisting of, on the whole, eight foreground components.
In the selected model, the leftmost pixel contains one

10 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 foreground components, the fifth
pixel from the left contains five foreground components, the

15 sixth pixel from the left contains five foreground
components, the seventh pixel from the left contains five
foreground compdnents, the eighth pixel from the left
contains five foreground components, the ninth pixel from
the left contains four foreground components, the tenth

20 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 pixel.

Instead of selecting a model from prestored models, the

25 model-forming portion 902 may generate a model when the



of nmotion blur by using the anbunt v' by which notion blur is adjusted,
which is different fromthe anmount of novenent v, for exanple, the anpunt
v' by which motion blur is 25 adjusted, which is one half the value of the

amount of - 155 novenment v, or the amount v' by which notion blur is
adj usted, which is irrelevant to the anount of novenent v.

For exanpl e,

shown in Fig. 59, the notion-blur adder 906 divides the foreground pixel

val ue Fi

wi t hout notion blur by 5 the anount v' by which notion blur is

adjusted so as to obtain the foregrodidd conponent Fi/v'. The notion-bl ur

adder 906 then cal cul ates the sum of the foreground
t hereby generating the pixel value in which the anount of notion bl ur

adj ust ed.pdi0loEXAR & 2y WhRD Jidve: acs@lﬂxsoafesm LD Ao Wadey

adj usted is 3, the pixel value Q2 is’'set to /v, the pi xel val ue C3
is set tod RMetmAioh vddto Pl il Ush P44 x&%eé&n FO1+F02+F03) /v' ,

and the pixel value C05 is set to (F02+F03+F04)/v'. 15 The noti on-bl ur

conponents Fi/v',

is

adder 906 supphi egukheohopegkeurdr COBPRERIratRIan Rqthitant e saaount of

notion blur is adjusted to the selector 907. The selector 907 selects

ei ther the furegrondld suppiporerdimage: wddelH £ omitiron ddaticgumdd ed from
the 20 adjusting portion 905 or the foreground conponent image in which
t he aBbount of Andiisemipitibni 4 sadjows gecreqyppliithd rierfemeniclee towotthen- bl ur adder
906 based on a sel ection signal

10

15

20

25

models of foreground component images shown in Figs. 64
through 66, of an example of the equation generated by the
equation generator 903 when the number of foreground
components 1s 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 F0l/v through F08/v, the relationships between
F0l1/v through F08/v and pixel values CO1 through Cl2 can be
expressed by equations (74) through (85), as stated above.
By considering the pixel values Cl2 and Cl1, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equation (107), and the pixel value Cl1
consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the
foreground component F07/v can be found by equation (108).
F08/v = Cl2 (107)

FO7/v

Cll-C1l2 (108)
Similarly, by considering the foreground components

contained in the pixel values Cl1l0 through C0l, the

as



reflecting a user's selection, and outputs the selected foreground
conponent inmage. 25 As di scussed above, the notion-blur adjusting unit 106
- 156 is able to adjust the anpunt of notion blur based on the selection
signal and the amount v' by which notion blur is adjusted. The processing
for adjusting the amount of notion blur 5 of the foreground executed by
the notion-blur adjusting unit 106 configured as shown in Fig. 63 is
described below with reference to the flowhart of Fig. 67. In step S901,
the unit-of-processing deternning —péat3i on 901 of the notion-blur
adjusting unit 106 generates 10 the unit of processing based on the notion
vector and the area information, and supplies the generated unit of

processi NG, ey i IR s I N G ROAA !m&% anfh LheaRddIStdui By tion 905.
In step S902,” the nodel-form ng portion 9 of the 15 notion-bluar

adj ust i Nt cHIO ﬁlejge;cttqnqyquﬁn(quaﬁ)e,s Adpedmdaliaccording to the anmpunt
of novenent v and the unit of processing. In step S903, the equation
gener at or 903roggnerateschased on the sel ected or generatgg) nodel, the
equations for calculating the foreground conponents by the 20 difference
bet ween t he pFRel/vval ges-agfiot he foreground conponent inaged) I n step S904,
the cal cul ator 904 sets the pixel values of the foreground conponent i nage

in the generaféd/equeaCi0érEP9 . (111)
F03/v = C07-C08+C12 (112)
F02/v = C06-C07+C11-C12 (113)
FOl/v = C05-C06+Cl0-C1l1 (114)

The equation generator 903 generates the equations for
10 calculating the foreground components by the difference
between the pixel values, as indicated by the examples of
equations (107) through (114). The equation generator 903
supplies the generated equations to the calculator 904.
The calculator 904 sets the pixel values of the
15 foreground component image in the equations supplied from
the equation generator 903 so as to obtain the foreground
components based on the equations in which the pixel values
are set. For example, when equations (107) through (114)
are supplied from the equation generator 903, the calculator
20 904 sets the pixel values C05 through C12 in equations (107)
through (114).
The calculator 904 calculates the foreground components
based on the equations in which the pixel values are set.
For example, the calculator 904 calculates the foreground

25 components F0l/v through F08/v, as shown in Fig. 65, based



and extracts the foreground conponents by using the 25 difference between
t he pi xel values based on the equations - 157 in which the pixel val ues
are set. In step S905, the calculator 904 determ nes whether all the
foreground conponents corresponding to the unit of processing have been
extracted. If it is determned that all the foreground 5 conponents
corresponding to the unit of processing have not been extracted, the
process returns to step S904, and the processing for extracting the
foreground conponents is repeated. -1 314t -is deternmned in step S905 that
all the 10 foreground conponents corresponding to the unit of processing
have been extracted, the process proceeds to step S906. In step S906, the

adj usti ngParitd Q108 Adid $ Pafha tdfodd€ fPnean K ofpanent;s Fol/v
3 964 based on t

t hrough FO8/v supplie fromthe cal cul at or e anount of

movenent whis kA% il 10RAaed o 5 UGN C R e Wwes fel/ v through
FO8/v fromwhich notion blur is elimnated. In step S907, the notion-blur

adder 90&aawtdired ouhgudrried anyd A Perfr Mald eforigbndi & Hohevanount  of
notion blur is adjusted, and the selector 907 selects the imge w thout 20

nmot i on bluhrovigh M@ a/Amae igheMididtigpipastdicd 9o. on blur s adjusted,
and outputs the selected image. The processing is then conpleted. As
descrbbed aboTee tHé¢umsntingnpbltit cadpP0st mndtupiltiet0Ghecdptiegubaddas shown in
Fig. 63 is able to nore speedily
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 obtaih
the foreground pixel values from which motion blur is
10 eliminated. For example, when the foreground components
F01l/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components F01l/v through F08/v by the amount of movement v,
i.e., 5, so as to obtain the foreground pixel values FO01
15 through F08 from which motion blur is eliminated, as shown
in Fig. 66.
The adjusting portion 905 supplies the foreground
component image consisting of the foreground pixel values
without motion blur calculated as described above to a
20 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

v, for example, the amount v' by which motion blur is

25 adjusted, which is one half the value of the amount of



25 adj ust notion blur of the foreground image containing notion - 158 bl ur
according to sinpler conputations. A known technique for partially
elimnating notion blur, such as a Wener filter, is effective when being
used in the ideal state, but is not sufficient for an actual imge 5
guanti zed and containing noise. In contrast, it is proved that the

noti on-blur adjusting unit 106 configured as shown in Fig. 63 is
sufficiently effective for an actual inmage quantized and contai ni ng noi se.
It is thus possible to eliminate notil®® blur with high precision. 10 As

di scussed above, the inmage processing apparatus configured as shown in
Fig. 2 is able to adjust the anbunt of notion blur contained in the input

i mage. FipghvhntS A Qoo diAgan i At 0 ratdieth1onfd gurati on of
the function of the inage processing 5 apparatus. The elenments simlar to

those shQyddtdd Iwrd & s dasianaiaft Wd eid kinddferaneyugmials, and an
explanation thereof is thus omtted. The area specifying unit 103 supplies

area i nf grovatdx@p120 a3 dRwH Killreg.atg o, el watin -4 andic s Widesi zer
1001. The m xture-ratio calculator 104 supplies the m xture ratio a to the
f or egr ourd/vdarey rodien & crepAraaine plidke land e Fis witdesitw eto thiQGil b1e by
f or egr ound/ background separator 105 supplies the 25 foreground conponent
i mage5t o tthee asnontnttesi'zéry #0kh 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
which the amount of motion blur is adjusted. For example,
10 when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (FO0l)/v', the pixel wvalue 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
(FO2+FO03+F04) /v'.
15 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
component image without motion blur supplied from the
20 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

foreground component image.

25 As discussed above, the motion-blur adjusting unit 106



- 159 The synthesizer 1001 conbines a certain background inmage with the

f oreground conponent image supplied fromthe foreground/ background ‘
separator 105 based on the mxture ratio a supplied fromthe m xture-ratio
calculator 104 and 5 the area information supplied fromthe area specifying
unit 103, and outputs the synthesized inage in which the certain
background i mage and the foreground conponent imge are conbined. Fig. 69
illustrates the configuration of the 10 synthesizer 1001. A background
conponent generator 1021 gener at es—allB&ckground conponent image based on
the mxture ratio a and a certain background i mage, and supplies the
background conponent inage to a m xed-area-i mage synt hesi zi ng portion

1022. 15 ;Theylixed AfdsiTIR SYRIARSIA b AU ARl Q2% LOM ngs  the
background conmponent 1'mage supplied fromthe background conponent

gener at ors @2k 1Wrl iy iR 1f RO QUNArRRFRORPNLY RAGRh ¥ A% ®lgsNarate a
m xed- area synt hesi zed i nage, and supplies the generated m xture-area
synt hesi zed us¥@ge to an 20 inmage synthesizing portion 1023. The image
synt hesi zer 1023 conbi nes the foreground conponent imnmage, the m xed-area
synt hesi zed | Tagepsuppkkedg FrenutihasmixngdtaeeambiBge ofynabReshzbNgrporti on
1022, and the certain background image based on the area infornmation so as
25 t o5 gendr alhe & oxenirvesidz etkdompel ndheumpitisonthlur B usting unit
106 configured as shown in Fig. 63 is described below with
reference to the flowchart of Fig. 67.
In step S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 106 generates
10 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.
In step S902, the model-forming portion 902 of the
15 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
equations for calculating the foreground components by the
20 - difference between the pixel values of the foreground
component image.
In step S904, the calculator 904 sets the pixel values
of the foreground component image in the generated equations,

and extracts the foreground components by using the

25 difference between the pixel values based on the equations



As di scussed above, the synthesizer 1001 is able to conbine the foreground
conponent inmage with a certain background i nage. The i nmage obtai ned by
conmbining a foreground conponent 5 image with a certain background inage
based on the mixture ratio a, which is the feature quantity, appears nore
natural conpared to an inmage obtai ned by sinply conbining pixels. Fig. 70
is a block diagramillustrating still another configuration of the
function of the inmage processing 10 apparatus for adjusting the anmount of
nmotion blur. The image processing appa/atus shown in Fig. 2 sequentially
perforns the area-specifying operation and the calculation for the m xture
ratio a. In contrast, the inage processing apparatus shown in Fig. 70

si mul t aneQusing e B dde Wk sl 2 APedd yi ng, apasdtdqyy ang d he
calculation for the mxture ratio a. The functional elenents simlar to

those in dhedlode iagameiddd vkt dasi o edhmdddbdddke reference

nuneral s, and an explanation thereof is thus omtted. 20 An input imge is
suppl i ed dnpbHEnd IS dgbndiale Watte ik of frraaring dackgnasad

separator 1102, the area specifying unit 103, and the object extracting
unit 10l.exBwadted .ur e attd d Laletidmiiored Hhhtcad lduliesfodmperirman the i nput
image, the estimated m xture ratio when it is 25 assuned that each pixe
cont abned:dmpdrien isnputr remgmdieiongs thelGhitt of e cmmeeriedy baciegmaind ar ea,
and the estimated m xture
been extracted, the process returns to step S%904, and the
processing for extracting the foreground components is
repeated.
If it is determined in step S905 that all the
10 foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step
S906. In step S906, the adjusting portion 905 adjusts each
of the foreground components F0l/v through F08/v supplied
from the calculator 904 based on the amount of movement v so
15 as to obtain the foreground pixel values F0l/v through F08/v
from which motion blur is eliminated.
In step $907, the motion-blur adder 906 calculates the
foreground pixel values in which the amount of motion blur
is adjusted, and the selector 907 selects the image without
20 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

configured as shown in Fig. 63 is able to more speedily

25 adjust motion blur of the foreground image containing motion



ratio when it is assuned that each pixel contained in the input inmage

bel ongs to the uncovered background area, and supplies the estinated

m xture ratios calculated as 5 descri bed above to the foreground/ background
separator 1102. Fig. 71 is a block diagramillustrating an exanple of the
configuration of the m xture-ratio calculator 1101. An

estimated-m xture-rati o processor 401 shown in Fig. 71 is the sane as the
estimated-m xture-ratio processor 401 10 shown in Fig. 30. An

estimated-m xture-rati o processor 4621SBown in Fig. 71 is the sane as the
estimated-m xture-ratio processor 402 shown in Fig. 30. The

esti mat ed- nixture rati o processor 401 calculates the estimted m xture

rati o fon, 8%? Y 4§ i ﬁ}(gynggﬁgdgyknggespondlng to a nodel of the
gro e

covered area bas on the i nput I nage, and outputs the

cal cul at ed eal kRled tacHIRid atd:0- pdhe: £51¢ NBi edt A X1 g emb i bR Bngeessor
402 calculates the estimated m xture ratio for each piXxel by the

conput at i Y @SMARHSH £i0 104 Off ddie v GMerT aski aGk@PURd @feea
based on the input inage, and outputs the calculated estimted m xture

rati o. Theidaar egfandihackey avyd ssemirciaart R genaitaias e f or eground
conponent inmage fromthe input inmge based on the 25 estinmated m xture

rati oscalgudredieddvaan idontaiasisigmeoitdeat -InlGdntdwstpi X ibkelporgsed o t he
covered background area supplied fromthe m xture-ratio cal culator 1101,
t he esti ndAtasd the motion-blur adjusting unit 106 configured as shown
in Fig. 63 is sufficliently effective for an actual image
gquantized and containing noise. It is thus possible to
eliminate motion blur with high precision.
10 As discussed above, the image processing apparatus
configured as shown in Fig. 2 is able to adjust the amount
of motion blur contained in the input image.

Fig. 68 is a block diagram illustrating another

configuration of the function of the image processing
15 apparatus.

The elements similar to those shown in Fig. 2 are
designated with like reference numerals, and an exﬁlanation
thereof is thus omitted.

The area specifying unit 103 supplies area information

20 to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture-ratio calculator 104 supplies the mixture
ratio O to the foreground/background separator 105 and the
synthésizer 1001.

The foreground/background separator 105 supplies the

25 foreground component image to the synthesizer 1001.



m xture ratio calculated when it is assuned that the pixel belongs to the
uncover ed background area supplied fromthe 5 m xture-ratio cal cul ator

1101, and the area information supplied fromthe area specifying unit 1083,
and supplies the generated foreground conponent imge to the notion-blur
adjusting unit 106 and the selector 107. Fig. 72 is a block diagram
illustrating an exanple of 10 the configuration of the

f oreground/ background separator 1102. The elenents simlar to those of the
f or egr ound/ background separator 105-sR&8n-in Fig. 47 are indicated by |like
reference nunerals, and an explanation 15 thereof is thus omtted. A

sel ector 1121 selects, based on the area information supplied fromthe

area speci fyi pgeu gyhtﬁgélzsktE@bltesmPgﬁgg”at%@rQE&hugscgagb gngal cul ated

when it is assuned that the pixel ongs to the covere ground area

suppl i ed ;2R e ththh@ch'@ HIH R RIAL Rl AHOT mbHEL QfpdiN& LIRSS

m xture ratio calculated when it is assuned that” the pixel belongs to the

uncover ed RPN KRE P S IR tiIs vEoddIr ld iGahuzd ator 1101,
and supplies the selected estimated mxture ratio to the separating

portion GQkias o kexppdd ot *irohe that ind Mure-kE iolla Iseparsid n@4eiid on 601
extracts the foreground conponents and the background conponents fromthe
pi xel 5 valheearefa tiheg qrimesdivrbaeduppdiirgt tfrdrhechd xadaarsge ddayddgOmunit

103, and outputs the synthesized image in which the certain

background image and the foreground component image are

combined.

Fig. 69 illustrates the configuration of the

10 synthesizer 1001. A background component generator 1021
generates a background component image based on the mixture
ratio O and a certain background image, and supplies the
background component image to a mixed-area-image
synthesizing portion 1022.

15 The mixed-area-image synthesizing portion 1022 combines
the background component image supplied from the background
component generator 1021 with the foreground component image
so as to generate a mixed-area synthesized image, and
supplies the generated mixture-area synthesized image to an

20 image synthesizing portion 1023.

The image synthesizer 1023 combines the foreground
component image, the mixed-area synthesized image supplied
from the mixed-area-image synthesizing portion 1022, and the
certain background image based on the area information so as

25 to generate a synthesized image, and outputs it.



the mxture ratio a supplied fromthe selector 1121 and the 5 area

i nformation, and supplies the extracted foreground conponents to the

synt hesi zer 603 and al so supplies the foreground conponents to the

synt hesi zer 605. .The separating portion 601 can be configured simlarly

to the counterpart shown in Fig. 52. 10 The synthesizer 603 synthesizes the
foreground conponent inmage and outputs it. The synthesizer 605

synt hesi zes t he background conponent inage and outputs it. The notion-blur
adjusting unit 106 shown in Fig. 70 Td®0 be configured sinilarly to the
counterpart shown in Fig. 2. 15 The notion-blur adjusting unit 106 adjusts
t he anobunt of notion blur contained in the foreground conponent i nage

suppl i ed fromashgikeneglaundiRackgneurdnieRarialer 15542 1Rased @ the area
information and the notion vector, and outputs the foreground conponent

i mge in diihd heheanidg fud®tdbordh Ol iads widitisd acbr g, sel ector 107
shown in Fig. 70 selects the foreground conponent inage supplied fromthe
f or egr ournsH dlafkgtraunidnasRpar at or 1102 or the foreground conponent image in

whi ch the anount of notion blur is 25 adjusted supplied fromthe
nmot i on- bl ur adhestimageunbitalted bi64ombdsdthgor, floakegexamd eompohenacti on
signal reflecting a wuser's selection, and outputs the selected foreground
conpohentinamyeviths aicoutssied widuge;ourite dimesre hrsoark si Nthappiaratnes
ratio 0O, which is the feature quantity, appears more natural
compared to an image obtalned by simply combining pixels.

Fig. 70 is a block diagram illustrating still another
configuration of the function of the image processing

10 apparatus for adjusting the amount of motion blur. The
image processing apparatus shown in Fig. 2 sequentially
performs the area-specifying operation and the calculation
for the mixture ratio @. 1In contrast, the image processing
apparatus shown in Fig. 70 simultaneously performs the area-

15 specifying operation and the calculation for the mixture
ratio O.

The functional elements similar to those in the block
diagram of Fig. 2 are designated with like reference
numerals, and an explanation thereof is thus omitted.

20 An input image is supplied to a mixture-ratio
calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extracting unit 101.

The mixture-ratio calculator 1101 calculates, based on

the input image, the estimated mixture ratio when it is

25 assumed that each pixel contained in the input image belongs




5 showmn in Fig. 70 is able to adjust the anmount of notion blur contained
in an image corresponding to a foreground object of the input inmage, and
outputs the resulting foreground object image. As in the first enbodi nent,
the i mage processing apparatus shown in Fig. 70 is able to calculate 10
the mxture ratio a, which is enbedded information, and outputs the

cal cul ated mxture ratio CC. Fig. 73 is a block diagramillustrating

anot her configuration of the function of the inage processing apparatus
for conbining a foreground conponent ilkdge with a 15 certain background

i mge. The imge processing apparatus shown in Fig. 68 serially perforns
the area-specifying operation and the calculation for the mxture ratio a.

In  cont r@sthd RJTRIE HYAGERINMY ARRAT A +HOWE ihdtdh mikt Ry forms the
area-speci fying operation and the calculation 20 for the mxture ratio a in

a paral | elatT®R@en The funEdenal @lammalch YiRdiarcddibese imdifeat ed by
the block of Fig. 70 are indicated by |like reference nunerals, and an

expl anat iigputheneefe iveiidhdys ad tdhed unbwerdded Wae:wgertdxﬁmcaixreld,ataefd 1101
shown in Fig. 73 25 calcul ates, based on the notion vector and the

posi ti onalupplies the @otdiaaed hesaofreand ties ioyiutuliatege,ad he esti mat ed
m xture ratio when it is assuned that each pixel contained in the input
i mageS beldersgs: itbed e comy erce i Hea dlogregumeh nat/éeee, c k grredinich es egstriatetre d U6i2xt ur e
ratio when it is assuned that each 5 pixel contained in the input inmge
bel ongs to t hEigncdveieda block diagram illustrating an example of
the configuration of the mixture-ratio calculator 1101.
An estimated-mixture-ratio processor 401 shown in Fig.
71 is the same as the estimated-mixture-ratio processor 401
10 shown in Fig. 30. An estimated-mixture-ratio processor 402
shown in Fig. 71 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 30.
The estimated—-mixture-ratio processor 401 calculates
the estimated mixture ratio for each pixel by the
15 computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 402 calculates
the estimated mixture ratio for each pixel by the
20 computation corresponding to a model of the uncovered
backgrouﬂd area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the

foreground component image from the input image based on the

25 estimated mixture ratio calculated when it is assumed that



background area, and supplies the estimated m xture ratios calculated as
descri bed above to the foreground/ background separator 1102 and a

synt hesi zer 1201. The foreground/ background separator 1102 shown in Fig.

10 73 generates the foreground conponent inmge fromthe input inmge based
on the estimated m xture ratio calculated when it is assuned that the

pi xel belongs to the covered background area supplied fromthe

m xture-ratio calculator 1101, the estinmated m xture rati o cal cul ated when
it is 15 assuned that the pixel belond$2% o the uncovered background area
supplied fromthe m xture-ratio calculator 1101, and the area information
supplied fronlthe area specifying unit 103, and supplies the generated

f or egr oung, £ QIpAN erﬁeléﬁtgsgcﬁ(é Ocﬁéquo%’élté@%ié{] ﬂﬁﬁ-ﬂq Lk TNE eS| zer

1201 conblnes a certal groun I mage Wt oregrou conmponent
i mge suppldedd o Le-o f:a08 Qundhbackgr ounsh sepad al oF; Q2% based on the

estimated mxture ratio calculated when it is assuned that t he pixe

bel ongs twithigrLonarad hackaround waa supp i a0k fam die: 2 dripitage-ratio

cal cul ator 1101, the estimated m xture ratio - 166 calculated when it is

assuned tdlorddie 48 X@le hel @S D ddikgrinany efesh hagkariound amearsippl i ed
fromthe mxture-ratio calculator 1101, and the area information supplied

from the miattear espaci foyide) aulidtchd3, 1 EINd aoid piies ddwen siidwesdtzedch i mage 5 in
whi ch t he background i nage and the foreground conponent inmage are
conmbi ned.supplied from the area specifying unit 103, and supplies the
generated foreground component image to the motion-blur
adjusting unit 106 and the selector 107.
Fig. 72 is a block diagram illustrating an example of
10 the configuration of the foreground/background separator
1102.

The elements similar to those of the
foreground/background separator 105 shown in Fig. 47 are
indicated by like reference numerals, and an explanation

15 thereof is thus omitted.

A selector 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied

20 from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected

estimated mixture ratio to the separating portion 601 as the

25 mixture ratio .



Fig. 74 illustrates the configuration of the synthesizer 1201. The
functional elenents simlar to those of the block diagramof Fig. 69 are
designated with Iike 10 reference nunerals, and explanation thereof is thus
omtted. A selector 1221 selects, based on the area information supplied
fromthe area specifying unit 103, either the estimated m xture ratio
cal cul ated when it is assuned that the pixel belongs to the covered
background area supplied 15 fromthe m xture-ratio cal culator 1101 or the
estimated mixture ratio calculated-wAéd it is assuned that the pixe

bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal cul ator 1101, and supplies the selected estimated m xture ratio to the

background cospangnha20+988eHaLeE 0a0%h1a8xEREHEXEHEL FHRELRofnd ThE
background conmponent generator 1021 shown in Fig. 74 genérates a

backgr Ou%rrg)@m&%n%nidm%%% BREY U & onfHoHeHte aldnd the p4RRli ed from the
sel ector 1221 and a certain background fﬁgge, and supplies the background

25 conporenudsTage the PielisX ed1dnarigraee the ie&Z e ap WalsieeN on 167
1022. The m xed- area-i mage synthesizing portion 1022 shown in Fig. 74

conbi nes thze miaak@eo wad 100 Gl st g osuppld edldaton tihe 1backgtewnd
conponent generator 1021 with the 5 foreground conponent inage so as to
gener &t e ax e Xed-oatmaa i osy, Ntamels iszxpb liiresg & h ea sk txwjapleice £ cirfeey rgeinelr at ed
m xed-area synthesized inmage to the imge synthesizing portion 1023.
components to the synthesizer 603 and also supplies the
foreground components to the synthesizer 605.
The separating portion 601 can be configured similariy
to the counterpart shown in Fig. 52.

10 The synthesizer 603 synthesizes the foreground
component image and outputs it. The synthesizer 605
synthesizes the background component image and outputs it.

The motion-blur adjusting unit 106 shown in Fig. 70 can
be configured similarly to the counterpart shown in Fig. 2.

15 The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs
the foreground component image in which the amount of motion

20 Dblur is adjusted.

The selector 107 shown in Fig. 70 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground

component image in which the amount of motion blur is

25 adjusted supplied from the motion-blur adjusting unit 106



The i mage synt hesi zing portion 1023 conbi nes the foreground conponent

i mge, the m xed-area synthesized imge 10 supplied fromthe _
m xed- ar ea-i mage synt hesi zi ng portion 1022, and the background i mage based
on the area information so as to generate a synthesized i nage and out puts
it. In this manner, the synthesizer 1201 is able to conbine the foreground
conponent inmage with a certain background 15 i mage. The invention has been
di scussed above by setting the mxture ratio a to the ratio of the
background conponents contai ned i n—t Bé4pi-xel val ues. However, the m xture
ratio a may be set to the ratio of the foreground conponents 20 cont ai ned
in the pixel values. The invention has been di scussed above by setting the

moving digz@eld QR Ofrotrh@ b dr 0und ARGt @ ildha 1diegald @ ngf Lom the |eft
to the right. However, the noving direction IS not restrlcteg to the

above- degGlirbed sdi1eeelibdN. afel oulthuithe taR0wR 18RSEd RFiJ @y roankeal - space
i mge having a - 168 three-dinensional space and tine axis information is
proj ect e¢oaploRent! iR gERace having a two-di nensional space and tinme axis
information by using a video camera. However, the present invention is not

restricted toAshiissenasplicabatid, Sthanihegappkbedskanttheppakheuwsng case.

When a greater amount of first information in one-di nensional space is

proj eet edhoomt dnaFdgml 7€r iamaiite ab sedosd ithieommauingn oifn md tiwa- blur

di mensi onal space, distortion generated by the projection
contained in an image corresponding to a foreground object
of the input image, and outputs the resulting foreground
object image. As in the first embodiment, the image
processing apparatus shown in Fig. 70 is able to calculate

10 the mixture ratio @, which 1is embedded information, and

outputs the calculated mixture ratio Q.

Fig. 73 is a block diagram illustrating another
configuration of the function of the image processing
apparatus for combining a foreground component image with a

15 certain background image. The image processing apparatus
shown in Fig. 68 serially performs the area-specifying
operation and the calculation for the mixture ratio . 1In
contrast, the image processing apparatus shown in Fig. 73
performs the area-specifying operation and the calculation

20 for the mixture ratio ® in a parallel manner.

The functional elements similar to those indicated by
the block of Fig. 70 are indicated by like reference
numerals, and an explanation thereof is thus omitted.

The mixture-ratio calculator 1101 shown in Fig. 73

25 calculates, based on the motion vector and the positional



can be corrected, significant information can be extracted, 10 or a

natural i

mage can be synt hesized. The sensor is not restricted to a

nor e
CCD,

and may be another type of sensor, such as a solid-state inmaging device,
for exanple, a BBD (Bucket Brigade Device), a CID (Charge Injection
a CPD (Charge Primng Device) or a CMOS 15 (Conpl enmentary Ment al
Oxi de Sem conductor). Also, the sensor does not have to be a sensor
whi ch detection devices are arranged in a matri x, and may be a sensor in
whi ch detection devices are arranged il%5me |ine. A recording mediumin
whi ch a programfor performng 20 the signal processing of the pres
invention is recorded may be fornmed of a renovable nediumin which the
i £ + Y IF Iahistd 1R ed frRigdr i didg: e »f ogram to
user separately fromthe conputer, as shown in Fig. 1, such as the
nmagnet i ¢ ndlixedt Rl rodine il d @ ifd urddedirdteret Ry tdade-dig@ngd sk), the
optical disc 52 (CD-ROM (Conpact - 169 Disc-Read Only Menory) and a DVD

Devi ce),

program i

(Digital

iYergas iilmpud Sejdge Y1 ARIRRS ameptdBalral Yadigradund ng-D

(Mni-Disc) (registered trade nane)), or the sem conductor nenory 5
r ecor di nginedinemasy mad el bel forredafid MdROMR22A Drassumdibrihad Sach
contained in the storage unit 28 in which the programis recorded,
recor 8i ngivedi wontaiimgdorioyitted itrgutt hienawsebalidgs bed nhepnasicreatkd n t he

The steps form ng the programrecorded in a recording nedi um may
be executtedkgncaond egiczal landacoprdiieg tidha etimated mixture ratios

conput er.

10

15

20

25

calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201.

The foreground/background separator 1102 shown in Fig.
73 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
background area supplied from the mixture-ratio calculator

1101, the estimated mixture ratio calculated when it is

assumed that the pixel belongs to the uncovered background

area supplied from the mixture-ratio calculator 1101, and
the area information supplied from the area specifying unit
103, and supplies the generated foreground component image
to the synthesizer 1201.

The synthesizer 1201 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 1102 based on the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the covered background area supplied from the

mixture-ratio calculator 1101, the estimated mixture ratio

in

ent

4.

such

a

The



10 orders described in the specification. However, they do not have to be
executed in a tinme-series manner, and they may be executed concurrently or
individually. Industrial Applicability 15 According to the present "
invention, it is possible to separate a background i nage and an obj ect

i mage according to the mxture state. - 170 CLAIMS 1. An inmage
processi ng apparatus for perform ng i nage- processing on image data which
is formed of a predeterm ned nunber of pixel data obtained by an

i mage-capturing device 5 including a pbédet erm ned nunber of pixels and
having a tine integrating function, said image processi ng appar atus
conprising: area specifying neans for specifying, in a first period of

time correspandidg LAaNg SYs e%@,sumdu%%rvcggtﬁgug%%g g0y sad 1 whi ch

f oreground object conponents formng a ect o nat ed
frame of jhherRge b%%ro%% hackorsownd sy ef%npocmoaﬁ%rfe%@t% a

background object of the designated frane are m xed, the uncovered

baCkgrOU&@lc@&%%erﬂrl@lf ored thle @ ARG dh pINiRe 'fQ%ni Rnehi ch 15
the foreground object is noving, said area specifying means

speci fyi Rgeal BpRcIe§aAnd REMH0d 0af, Einde ct@ifSdahd rsgmttmesqa%ds G.!ir@@jé
subsequent to the first period of tinme, a foreground area consi sting of

on: y 5 Ee 1fn0 g foBU tth 20 Rjarkig r cLOIP ARaRtes agvad th eb Fek@ioaismt darcempdrsitst i ng of
onyt eimage are combined.

Fig. 74 illustrates the configuration of the
synthesizer 1201. The functional elements similar to those
of the block diagram of Fig. 69 are designated with like

10 reference numerals, and explanation thereof is thus omitted.

A selector 1221 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied

15 from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component

20 generator 1021 as the mixture ratio «.

The background component generator 1021 shown in Fig.
74 generates a background component image based on the
mixture ratio O supplied from the selector 1221 and a

certain background image, and supplies the background

25 component image to the mixed-area-image synthesizing portion



20 background obj ect conponents, and said area specifying neans for
specifying, in a third period of tine corresponding to one screen
subsequent to the second period of time, a covered background area in

whi ch the foreground object conponents and the background obj ect
conponents are m xed, 25 the covered background area being fornmed at a

|l eading end in - 171 a direction in which the foreground object is noving;
m xture-ratio detection neans for detecting a mxture ratio indicating a
ratio of the foreground object conpenért’s — and t he background obj ect
conponents in the uncovered 5 background area and in the covered background
area; and foreground/ background separation neans for separating the pixel
data of qhﬁ¥pixels bel ongi ng to the uncovered background area and to the
covered background area into the foreground object conponents and the

background objrget leeElQEEQEQEEnégQaéﬁ‘;ﬂtﬂ%s 108 nfg %bl ‘:’:rt%o"natl'o‘%’z and

\Y
generating a foreground conponent inege consisting of onl y t he %oreground

obj ect canrpnent o e P ackd NG LAURP MR pddEae 1r{€élj§§ éa‘ only the

background conmponent inmage in the deS|gnated frame i mage

processi NP RHAET RECUH NbrigbrEdad eherathey eiop 1sa,nethart% speci fying
nmeans tenporarily stores three franmes, which are consecutively input, and

sai d Br eForsAund RenEAEhSPeRidd e d9 theydridrdtper iikaf-drddme, an

area in which a determnation result for a franme, which is 20 two franes

bef or e t leyrddsi sgnate d rfaggne aard safdprlanes e cderiesrated mixed-area
synthesized image to the image synthesizing portion 1023,

The image synthesizing portion 1023 combines the

foreground component image, the mixed-area synthesized image
10 supplied from the mixed—~area-image synthesizing portion 1022,
| and the background image based on the area information so as
to generate a synthesized image and outputs it.

In this manner, the synthesizer 1201 is able to combine

the foreground component image with a certain background
15 image.

The invention has been discussed above by setting the
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

20 contained in the pixel values.

The invention has been discussed above by setting the
moving direction of the foreground object to the direction
from the left to the right. However, the moving direction

is not restricted to the above-described direction.

25 . In the above description, a real-space image having a



one frame before the designated franme, is noving, and a determ nation
result for the frane, which is one frane before the designated franme, and
the designated frame is stationary, as the uncovered background area '
corresponding 25 to the designated frane, and said area specifying neans -
172 specifies, in the second period of tine, an area in which a

determ nation result for the frane, which is one franme before the
designated frane, and the designated frame is- noving, and a determ nation
result for the designated frane 5 andl&8frane, which is one frane after the
designated frane, is noving, as the foreground area corresponding to the
desi gnated frane, and specifies, in the second period of tinme, an area in

whi ch a detelTigan Jrasulbaldl e Ay s Ml b 0g fizame before the

desi gnat e rame, an esignated frane is stationary, and a

det er m natigRdiedlohtof @ thihe 483ianaled iy ame RNt it fildiB, sWaieh is one
frame after the designated frame, is stationary, as the background  area

correspoR@idng it e sdasirdiahed oh #E usahG saivd @eameRCi f WoRagvaeans
specifies, inthe third period of tine, an 15 area in which a determ nation

result fahet pecdesitgiaiestipnxels and e triatd Wi ahiisS extplleamanal t er
the designated frame, is noving, and a determnation result for the frane,

whi chsi s came bler ap ldfldertot kb edeEsilgratiod fdaare, amEnm of aeateWaimdhinits t wo
frames after the designated franme, is 20 stationary, as the covered
backgr ound d#rhiea tcdnfesmartdiong 1no ontehel idesisjoatadd sfoaaree.is projected
onto a smaller amount of second information in a two-
dimensional space, distortion generated by the projection
can be corrected, significant information can be extracted,
10 or a more natural image can be synthesized.

The sensor is not restricted to a CCD, and may be
another type of sensor, such as a solid-state imaging device,
for example, a BBD (Bucket Brigade Device), a CID (Charge
Injection Device), a CPD (Charge Priming Device) or a CMOS

15 (Complementary Mental Oxide Semiconductor). Also, the
sensor does not have to be a sensor in which detection
devices are arranged in a matrix, and may be a sensor in
which detection devices are arranged in one line.

A recording medium in which a program for performing

20 the signal processing of the present invention is recorded
may be formed of a removable medium in which the program is
recorded, which is 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

25 trade name) disk), the optical disc 52 (CD-ROM (Compact



3. An image processing nethod for perform ng i mage- processing on inmage
data which is formed of a predeterm ned nunber of pixel data obtained by
an i mage-capturing device 25 including a predeterm ned nunber of pixels and
having a tine - 173 integrating function, said i mage processi ng net hod
conprising: an area specifying step of specifying, in a first period of
time corresponding to one screen, an uncovered 5 background area in which
f oreground object conponents form ng a foreground object of a designated
frame of the inmage data and backgrouA@9obj ect conponents forning a
background object of the designated franme are m xed, the uncovered
background area being forned at a trailing end in 10 a direction in which
the foregy;oung.aby Behy B 9andPiad pvd €®13A8GI1 Y3 28R @i s3§Ci fying,
in a second period o time corresponding to one screen subsequent 'to the
first pehicotha@heltiom®ptad char @dLRUNG 2@/ iGN MpStivAg 10 31@Rl)y the foreground
obj ect conponents and a background area 15 consisting of only the
backgr ound c@hjs@el G0 RARRNhSMedNd  c3itth cAls@%h 1RRIHoRY metRyoTs aspeci f yi ng,
inathird period of time corresponding to one screen subsequent to the
second @k @@ ceirdindge med GOV aagd alaek @eofdmdea fi RhehiROM 2i2e oxf @r egr ound
obj ect conponents and t he background object 20 conponents are m xed, the
covergd backiguduhd cahea ibheidndn fthrenatoxtage heddi 2@ émd wihich diheection in
whi ch the foreground object is noving;

program 1s recorded, such recording medium being provided to

the user while being prestored in the computer.
The steps forming the program recorded in a recording
medium may be executed chronologically according to the
10 orders described in the_specification. However, they do not
have to be executed in a time-series manner, and they may be

executed concurrently or individually.

Industrial Applicability
15 According to the present invention, it 1is possible to
separate a background image and an object image according to

the mixture state.



a mxture-ratio detection step of detecting a mxture ratio indicating a
rati o of the foreground object conponents 25 and the background obj ect
conponents in the uncovered - 174 background area and in the covered
background area; and a foreground/ background separation step of separating
the pi xel data of the pixels belonging to the uncovered background area
and to the covered background area into the 5 foreground object conponents
and the background object conponents based on the mxture ratio so as to
generate a foreground conponent i nagéd7®onrsi sting of only the foreground
obj ect components and a background conponent image consisting of only the
background conponent inage in the 10 designated franme. 4. An imge
processing nethod according to claim3,rmberein in said area specifying
step, three franmes, which are consecutively input, are tenporarily stored,

and in the fyj a%%'iﬁaq% i , t‘??si Meﬁ& r:m don 15
result f(l}_r' aﬂfr{;i?rne, |chccé}cssstlt% Faarr%rs bgffobre t e@ré@g{l?gnlgate .frame and a
frame, WY dssi0Re dd amRefie the cifes gatgd fdane ol dMMihefNd a
determ nation result for he frame, which is one frane before the

desi gnat efinfyean®r ARGt ey e dnatRd fham | imadatd paining desped fied as
the 20 uncovered background area corresponding to the designhated frane,

and i85 theisecnity pergredicfeinifad dlurean d M pitddglls andletfrifigat itmd esul t
for the frame, which is one frane before the designated frame, and the
desi gnat echfggiirty function, said image processing apparatus
comprising:
area specifying means for specifying, in a first period
of time corresponding to one screen, an uncovered background
10 area in which foreground object components forming a
foreground object of a designated frame of the image data
and background object components forming a background object
of the designated frame are mixed, the uncovered background
area being formed at a trailing end in a direction in which
15 the foreground object is moving, said area specifying means
for specifying, in a second period of time corresponding to
one screen subsequent to the first period of time, a
foreground area consisting of only the foreground object
components and a background area consisting of only the
20 Dbackground object components, and said area specifying means
for specifying, in a third period of time corresponding to
one screen subsequent to the second period of time, a
covered background area in which the foreground object

components and the background object components are mixed,

25 the covered background area being formed at a leading end in



novi ng, and a determ nation result for the designated frame 25 and a frane,
which is one frane after the designated frame, - 175 is noving, is
specified as the foreground area corresponding to the designated frane,
and in the second period of time, an area in which a determ nation result
for the frame, which is one frane before the designated frame, and the
designated 5 frane is stationary, and a determnation result for the
designated frane and the frame, which is one frane after the designated
frame, is stationary, is specified aslf/Ae- background area corresponding to
the designated frame, and in the third period of tine, an area in which a
10 determnation result for the designated pixel and the frane, which is

one 11, AL Ahe deehnahetly FTeod IR B aqand Bdlatgrinal fon

result for the frane, whi esi gnated frane, and a

frame, which jgxiWeclrames qakbetibhendassgratedehban®ng 8 ahatieaary, is
specified as 15 the covered background area corresponding to the designated

frame. 5.raAileedidy ifRdiaumdtioMyChne Ui mEdR & PR EntdsS
recorded, said program being used for performng image- processing on inmage

dat a whi efhd :HeORG BHowddPreseicar Horgbrzh txunherchef WRiowlerdat a obt ai ned by
an i mage-capturing device including a predeterm ned nunber of pixels and

havi n§ adadkeyrdutidegiratd red Wictihen cea bk egkypanprassaig.arah ar ea
speci fying step of specifying, in a first period of time corresponding to
one screen, afiovergeavenddbackground separation means for separating
the pixel'data of the pixels belonging to the uncovered
background area and to the covered background.area into tﬁe
foreground object components and the background object

10 components based on the mixture ratio, and for generafing a
foreground component image consisting of only the foreground
object components and a background component image
consisting of only the background component image in the
designated frame.

15 2. An image processing apparatus according to claim 1,
wherein said area specifying means temporarily stores three
frames, which are consecutively input, and said area
specifying means specifies, in the first period of time, an
area in which a determination result for a frame, which is

20 two frames before the designated frame and a frame, which is
one frame before the designated frame, is moving, and a
determination result for the frame, which is one frame
before the designated frame, and the designated frame is

stationary, as the uncovered background area corresponding

25 to the designated frame, and said area specifying means



25 background area in which foreground object conponents - 176 formng a
foreground object of a designated franme of the inmage data and background
obj ect conponents forming a background object of the designated frane are
m xed, the uncovered background area being forned at a trailing end in 5 a
direction in which the foreground object is noving, said area specifying
step of specifying, in a second period of tinme corresponding to one screen
subsequent to the first period of time, a foreground area consisting of
only the foreground object conponent d7&2nd a background area 10 consisting
of only the background object conponents, and said area specifying step of
specifying, in a third period of tinme corresponding to one screen

subsedueipd 416 Seqonthe REIIh dle tdIP o & COKET ofh baskaraung, A

which th oregr oun ect conponents and t object 1
conponent & @ g 248hn NG LY e Hd ackaraund a16a, bel nghe fArRd at a

| eading end in a direction in which the foreground object is noving;, a

m Xt ur e- i d o detiRetd o AR Ofr detectdhy ﬁzé“d@év!{?xaﬂé’é iO-dopdiscating a
ratio of the foreground object conponents 20 and the background object

conponentyiodithd hey N GO\ ad-rackardiindk Allea A dHe tdiss icperad fagkground

area; and a foreground/background separation step of separating the pixel
data bf tdirl @i xPlamdelWanigimg d erde naeoeTatr trae ki Digith tdear ik t 0 t he

covered background area into the 25 foreground object conponents and the
backgr ounics ofijweictg, as the foreground area corresponding to the

designated frame, and specifies, in the second period of
time, an area in which a determination result for the frame,
which is one frame before the designated frame, and the

10 designated frame is stationary, and a determination result
for the designated frame and the frame, which is one frame
after the designated frame, is stationary, as the background
area corresponding to the designated frame, and said area
specifying means specifies, in the third period of time, an

15 area in which a determination result for the designated
pixel and the frame, which is one frame after the designated
frame, is moving, and a determination result for the frame,
which is one frame after the designated frame, and a frame,
which 1s two frames after the designated frame, is

20 stationary, as the covered background area corresponding to
the designated frame.
3. An image processing method for performing image-
processing on image data.which is formed of a predetermined
number of pixel data obtained by an image-capturing device

25 including a predetermined number of pixels and having a time



- 177 conmponents based on the mxture ratio so as to generate a

f oreground conponent image consisting of only the foreground object
conponents and a background conponent image consisting of only the
background conmponent inmage in the 5 designated franme. 6. A recording nedi um
according to claim5, wherein in said area specifying step, three franes,
whi ch are consecutively input, are tenporarily stored, and in the first
period of time, an area in which a determnation result for a frane, 10
which is two frames before the designdt’€éd-frane and a frame, which is one
frame before the designated franme, is noving, and a determ nation result
for the franme, which is one franme before the designated franme, and the

desi gnat %q’géggfr%niﬁgé%‘?%i%@lar Yoa il i%ggc%f'%éasssit n*g}.}q]%vaered backgr ound

area 15 corr e ‘desi'gnat e ane, an n the second period of
time, an QReA-idinshich a determnation result for the frame, which is one
frame beforée the designated frame, and the designated franme is noving, and

a determnati @R ar@aukpebofytiRg deshbondt epelridi@nandia fr #RstWhich is one
20 frame after the designated frame, is noving, is specified as the

f or egr oungk AIRA COYRRPRAIRGIdndiigy desigratatddraman Wibidrddie second
period of time, an area in which a determnation result for the frane,
whi chsi s itk draimml dweforia Wi desdgraimiidd ae eanddrpriasisgnat ed frane
is 25 stationary, and a determ nation result for the designated - 178
forming a foreground object of a designated frame of the
image data and background object components forming a
background object of the designated frame are mixed, the
uncovered background area being formed at a trailing end in
10 a direction in which the foreground object is moving, said
area specifying step of specifying, in a second period of
time corresponding to one screen subsequent to the first
period of time, a foreground area consisting of only the
foreground object components and a background area
15 consisting of only the background object components, and
said area specifying step of specifying, in a third period
of time corresponding to one screen subsequent to the second
period of time, a covered background area in which the
foreground object components and the background object
20 components are mixed, the covered background area being
formed at a leading end in a direction in which the
foreground object is moving;
a mixture-ratio detection step of detecting a mixture

ratio indicating a ratio of the foreground object components

25 and the background object components in the uncovered



frame and the frane, which is one frame after the designated frame, is
stationary, is specified as the background area corresponding to the
designated frane, and in the third period of tinme, an area in which a
determ nation result for 5 the designated pixel and the franme, which is one
frame after the designated franme, is noving, and a determ nation result
for the frame, which is one frame after the designated frame, and a frane,
which is two frames after the designated frane, is stationary, is
specified as the covered background-ai@da 20 corresponding to the designated
frame. 7. A programfor allowi ng a conputer which perforns inmage-
processing on image data forned of a predeterm ned nunber of pixel data

Obtainedngﬁggpggﬁgggggpgﬂaiq% g%%;%%v%g%lugag%g%ouREEQ?%%nng%%d number of

pi xel s an I'me i nt egr uncti t'0 execut'e: an area

spect 1¥in9 st &PeskospachhybagyokBufq LEsk-aRebhodeah bEMEoEaLLeaRgnding to

one screen, an uncovere round area 1 n whic oreground (0]

conponentse HAKRIINGa2al OreghauRd xehisedle 18h 0 nde HodRdletnloaze caf the 20
i mge data and background object conmponents form ng a background object of

the desi gRakesolhamarake aficxed, thize coweesebadKiahaicowrdagdobenrg formed
at atrailing end in a direction in which the foreground object is noving,

sai d 5 ar garspeouhyl B8 skep cohpepeitisyiand, the daseeerthndeoibddcal 25 time
correspondi ng to one screen subsequent to the first - 179 period of tineg,
a foregr compoaredscbasiedt ong the aiktureeratio so as to generate a
foreground component image consisting of only the foreground
object components and a background component image
consisting of only the background component image in the
10 designated frame.
4. An image processing method according to claim 3, wherein
in said area speéifying step, three frames, which are
consecutively input, are temporarily stored, and in the
first period of time, an area in which a determination
15 result for a frame, which is two frames before the
designated frame and a frame, which is one frame before the
designated frame, is moving, and a determination result for
the frame, which is one frame before the designated frame,
and the designated frame is stationary, is specified as the
20 uncovered background area corresponding to the designated
frame, and in the second period of time, an area in which a
determination result for the frame, which is one frame
before the designated frame, and the designated frame is
moving, and a determination result for the designated frame

25 and a frame, which is one frame after the designated frame,



f oreground object conponents and a background area consisting of only the
background obj ect conponents, and said area specifying step of specifying,
inathird period 5 of tinme corresponding to one screen subsequent to the
second period of time, a covered background area in which the foreground
obj ect components and the background object conponents are m xed, the
covered background area being fornmed at a leading end in a direction in
whi ch the 10 foreground object is noving; a mxture-ratio detection step of
detecting a mxture ratio indicatingldaatio of the foreground object
conponents and the background object conponents in the uncovered
background area and in the covered background area; and 15 a

foreground haskaipund SRt Q) N e O r SRR A G rd e P pelp At pt the

pi xel s bel onging to the uncovered background area and to the covered

backgr ount anRa de¥irdied fraree oWl ol edie UARNEPesr Y Jihea hackgr ound
obj ect conponents based on the m xture ratio so as to generate a 20

f or egr ounth ecaRoONeNtwH IMM0e: Gt SHimg: ifn adsuitherdoral aunthe OBIEIh
conponents and a background conponent image consisting of only the

backgr ourits corpdeide ivE@rd rtidheieddefigimt etk dmemeandB. tHe RiRgigA@ator di ng
to claim7, wherein in said area 25 specifying step, three franes, which
are cbnsemanievédlsy stiitonaryl8@Gndare desrgoriarat orstmwsed, t afud ithd he first
period of time, an area in which a determnation result for a frame, which
is designated frame and the frame, which is one frame after the
designated frame, is stationary, is specified as the
background area corresponding to the designated frame, and
in the third period of time, an area in which a
10 determination result for the designated pixel and the frame,
which is one frame after the designated frame, is mbving,
and a determination result for the frame, which is one frame
after the designated frame, and a frame, which is two frames
after the designated frame, is stationary, is specified as
15 the covered background area corresponding to the designated
frame.
5. A recording medium in which a computer-readable program
is recorded, said program being used for performing image-
processing on image data which is formed of a predetermined
20 number of pixel data obtained by an image-capturing device
including a predetermined number of pixels and having a time
integrating function, said program comprising:
an area specifying step of specifying, in a first
period of time corresponding to one screen, an uncovered

25 background area in which foreground object components



two frames before the designated frame and a frane, which is one franme
before the designated frane, is noving, and a 5 determ nation result for
the frame, which is one frame before the designated frame, and the
designated frane is stationary, is specified as the uncovered background
area corresponding to the designated frane, and in the second period of
tinme, an area in which a determination result for 10 the frame, which is
one frame before the designated frame, and the designated frame is noving,
and a determnation result for the-dé3bgnated frame and a franme, which is
one franme after the designated franme, is noving, is specified as the
foreground area corresponding to the designated franme, 15 and in the second

eriod o L0 n i i t erm i resul.t far frane,
whi ch isES%@gﬁPa%efg%%%é?@“ﬁﬂggaggfgggtgdﬁ%EE %Qggd%#ﬁeedggi%ﬁgted frame

i tati d d i i - I desi f d
Lhe {rantogey da2ACaRalBREkELBRHOBEEE oohBon AT o BRI AL S, (hat i onary,

i's speci HhedqasyhReoBackyr g¥ndnar 8dsi6ankesPendinad e thigedesigpat ed frane,
and in the third period of tinme, an area in which a determnation result

for theydesigratedapkyebuandatrtBe beans rohimeld % anerhriagwqakher int he
designated frane, is noving, and a determnation result 25 for the frane,

whi che | saoaerbe@nBnafihentibe dasi goakgdouhdmebiect8ls abediadf,raged which is
two frames after the designated frame, is stationary, is specified as the
covered haekgepurdfgiag stepr efpepeicigytiagt hendesisgrenedperdpe. of
time corresponding to one screen subsequent to the first
period of time, a foreground area consisting of only the
foreground object components and a background area
10 consisting of only the background object components, and
said area specifying step of specifying, in a third period
of time corresponding to one screen subsequent to the second
period of time, a covered background area in which the
foreground object components and the background object
15 components are mixed, the covered background area being
formed at a leading end in a direction in which the
foreground object is moving;
a mixture-ratio detection step of detecting a mixture
ratio indicating a ratio of the foreground cbject components
20 and the background object components in the uncovered
background area and in the covered background area; and
a foreground/background separation step of separating
the pixel data of the pixels belonging to the uncovered

background area and to the covered background area into the

25 foreground object components and the background object



9. An inmage-capturing apparatus conprising: 5 imge-capturing neans for
perform ng i mage- processing on inmage data which is forned of a
predet er mi ned nunber of pixel data obtained by an i mage-capturing device
including a predeterm ned nunber of pixels and having a time integrating
function; 10 area specifying neans for specifying, in a first period of
time corresponding to one screen, an uncovered background area in which

f oreground object conponents form ng a foreground object of a designated
frame of the image data and backgreundobj ect conmponents formng a
background object 15 of the designated franme are m xed, the uncovered
background area being forned at a trailing end in a direction in which the

foregr Ou%n&pén%(%%si Soansoevcl % tsneg qncﬁ ntgﬂiezpreaclj.ifé/i&g JEalls gnoerraﬁioeeca{ fying, in

a second perio t1e corr espon one screen subSequent to the

first ; i , | st
irs perfd&;!ab(gjc}:feocl%ﬂf?o AL OTGURING AL B8 GO0 £14 00, Oéh@”ﬂcyréégfouonnqy t he

foregroun onponents an Cc ground area consi sting

backgr oung,1ohj € o GUMANEN Lahd A hAAUSE AURR SRS D% MRANS for
specifying,” in a third period of tinme corresponding to one screen

subsequeniodd i esonsh REHRE BckdiBuind Chnsowel €diackarpwik area in
whi ch the foreground object - 182 conponents and the background obj ect
conpopentdefilighdied®kratde covered background area being forned at a

| eading end in a direction in which the foreground object is noving;

m Xt ure-rati @ deieotdiony el Gecdidioid g acd h B & wherein in said
area specifying step, three frames, which are consecutively
input, are temporarily stbred, and in the first period of
time, an area in which a determination result for a frame,

10 whiéh is two frames before the designated frame and a frame,
which is one frame before the designated frame, is moving,
and a determination result for the frame, which is one frame
before the designated frame, and the designated frame is
stationary, is specified as the uncovered background area

15 corresponding to the designated frame, and in the second
period of time, an area in which a determination result for
the frame, which is one frame before the designated frame,
and the designated frame is moving, and a determination
result for the designated frame and a frame, which is one

20 frame after the designated frame, is moving, is specified as
the foregrdund area corresponding to the designated frame,
and in the second period of time, an area in which a
determination result for the frame, which is one frame
before the designated frame, and the designated frame is

25 stationary, and a determination result for the designated



5 ratio indicating a ratio of the foreground object conponents and the
background obj ect conponents in the uncovered background area and in the
covered background area; and foreground/ background separation nmeans for '
separating the pixel data of the pixels belonging to the uncovered 10
background area and to the covered background area into the foreground

obj ect conponents and t he background object conponents based on the

m xture ratio, and for generating a foreground conponent inage consisting
of only the foreground object conmpenédris-and a background conponent i nmage
15 consisting of only the background conmponent inmage in the designated
frame. 10. An imge-capturing apparatus according to claim9, wherein said

area Spe?firfa]}éie“%nré‘eac@l% AL S LY &hd WS TJATES ’th"g‘i?f%i rated

consecutively input, and sai‘d area 20 specifying neans spe s, In the

first perdmedf id adBnaiea idh M B delernaian /e talay a frare,

which is two frames before"the designated franme and rame, which is one

frame befQnedspRrdBsi0nat ehd IR .grat P e ARG A i el Miiald on result
for the frame, which’is one franme 25 before the designated frame, and the

desi gnat e il fl $imel83n Srald AMARLiAS d R HEGOMRIEG DAEEENAUTd Ar ea
corresponding to the designated franme, and said area specifying neans

speci §i exhd ndsienzacaneipeli ethdftid Mrargn amtsah nswvineh faandetafryagmat i on
result for the franme, which is one frane 5 before the designated frame, and
t he desi ghat ek sfirpRereids frame, is moving, and a determination result
for the frame, which is one frame after the designated frame,
and a frame, which is two frames after the designated frame,
is stationary, is specified as the covered background area
10 corresponding to the designated frame.
7. A program for allowing a computer which performs image-
processing on image data formed of a predetermined number of
pixel data obtained by an image-capturing device including a
predetermined number of pixels and having a time integrating
15 function to execute:
an area specifying step of specifying, in a first
period of time corresponding to one screen, an uncovered
background area in which foreground object components
forming a foreground object of a designated frame of the
20 image data and background object components forming a
background object of the designated frame are mixed, the
uncovered background area being formed at a trailing end in
a direction in which the foreground object is moving, said
area specifying step of specifying, in a second period of

25 time corresponding to one screen subsequent to the first



novi ng, and a determi nation result for the designated frame and a frane,
which is one frane after the designated frame, is noving, as the
foreground area corresponding to the designated frame, and specifies, in
the second period of 10 tine, an area in which a determnation result for
the frame, which is one frane before the designated frame, and the
designated frane is stationary, and a determnation result for the
designated frane and the frame, which is one frane after the designated
franme, is stationary, as the backgreund9l5 area corresponding to the
designated frane, and said area specifying nmeans specifies, in the third
period of time, an area in which a determ nation result for the designated

pi xel and thdfr .. Which is oneljr n%?after th:deskﬁ$at d tframe, is
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desi gnat s -“stationary, as the covered background area

corresp0®®ﬂ¥1§%&ngt%% %%ﬁ&gQ%%ﬁ%aE&%T%und object components, and

said area specifying step of specifying, in a third period

5 of time corresponding to one screen subsequent to the second
period of time, a covered background area in which the
foreground object components and the background object
components are mixed, the covered background area being
formed at a leading end in a direction in which the

10 foreground object is moving;

a mixture-ratio detection step of detecting a mixture
ratio indicating a ratio of the foreground object components
and the background object components in the uncovered
background area and in the covered background area; and

15 a foreground/background separation step of separating
the pixel data of the pixels belonging to the uncovered
background area and to the covered background area into the
foreground object components and the background object
components based on the mixture ratio so as to generate a

20 foreground component image consisting of only the foreground
object components and a background component image
consisting of only the background component image in the
designated frame.

8. A program according to claim 7, wherein in said area

25 specifying step, three frames, which are consecutively input,



10

15

20

25

- 180 -

are temporarily stored, and in the first period of time, an
area in which a determination result for a frame, which is
two frames before the designated frame and a frame, which is
one frame before the designated frame, is moving, and a
determination result for the frame, which is one fréme
before the designated frame, and the designated frame is
stationary, is specified as the uncovered background area
corresponding to the designated frame, and in the second
period of time, an area in which a determination result for
the frame, which is one frame before the designated frame,
and the designated frame is moving, and a determination
result for the designated frame and a frame, which is one
frame after the designated frame, is hoving, is specified as
the foreground area corresponding to the designated frame,
and in the second period of time, an area in which a
determination result for the frame, which i1s one frame
before the designated frame, and the designated frame is
stationary, and a determination result for the designated
frame and the frame, which is one frame after the designated
frame, is stationary, 1s specified as the background area
corresponding to the designated frame, and in the third
period of time, an area in which a determination result for
the designated pixel and the frame,'which is one frame after
the designated frame, is moving, and a determination result

for the frame, which is one frame after the designated frame,
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and a frame, which is two frames after the designated frame,
is stationary, is specified as the covered background area
corresponding to the designated frame.
9. An image-capturing apparatus comprising:

image-capturing means for performing image-processing
on image data which is formed of a predetermined number of
pixel data obtained by an image-capturing device including a
predetermined number of pixels and having a time integrating
function;

area specifying means for specifying, in a first period
of time corresponding to one screen, an uncovered background
area in which foreground object components forming a
foreground object of a designated frame of the image data
and background object components forming a background ocbject
of the designated frame are mixed, the uncovered background
area being formed at a trailing end in a direction in which
the foreground object is moving, said area specifying means
for specifying, in a second period of time corresponding to
one screen subsequent to the first period of time, a
foreground area consisting of only the foreground object
components and a background area consisting of only the
background object components, and said area specifying means
for specifying, in a third period of time corresponding to
one screen subsequent to the second period of time, a

covered background area in which the foreground object



10

15

20

25

- 182 -

components and the background object components are mixed,
the covered background area being formed at a leading end in
a direction in which the foreground object is moving;
mixture-ratio detection means for detecting a mixture
ratio indicating a ratio of the foreground object components
and the background object components in the uncovered
background area and in the covered background area; and
foreground/background separation means for separating
the pixel data of the pixels belonging to the uncovered
background area and to the covered background area into the
foreground object components and the background object
components based on the mixture ratio, and for generating a
foreground component image consisting of only the foreground
object components and a background component image
consisting of only the background component image in the
designated frame.
10. An image-capturing apparatus according to claim 9,
wherein said area specifying means temporarily stores three
frames, which are consecutively input, and said area
specifying means specifies, in the first period of time, an
area in which a determination result for a frame, which is
two frames before the designated frame and a frame, which is
one frame before the designated frame, is moving, and a
determination result for the frame, which is one frame

before the designated frame, and the designated frame is
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stationary, as the uncovered background area corresponding
to the designated frame, and said area specifying means
specifies, in the second period of time, an area in which a
determination result for the frame, which is one frame
before the designated frame, and the designated frame is
moving, and a determination result for the designated frame
and a frame, which is one frame after the designated frame,
is moving, as the foreground area corresponding to the
designated frame, and specifies, in the second period of
time, an area in which a determination result for the frame,
which is one frame before the designated frame, and the
designated frame is stationary, and a determination result
for the designated frame and the frame, which is one frame
after the designated frame, is stationary, as the background
area corresponding to the designated frame, and said area
specifying means specifies, in the third period of time, an
area in which a determination result for the designated
pixel and the frame, which is one frame after the designated
frame, is moving, and a determination result for the frame,
which is one frame after the designated frame, and a frame,
which is two frames after the designated frame, is
stationary, as the covered background area corresponding to

the designated frame.



