4 Cctober 2004 - 1 DESCRIPTION | MAGE PROCESSI NG APPARATIUS ANDJVEDH@2, AND
| MAGE- CAPTURI NG APPARATUS 5 Technical Field The present invention rel ates
to i mage processing apparatuses and net hods, and image-capturing
apparatuses, and. nore particularly, to an inmage processing apparatus. and
met hod,. and an i mage-capturing apparatus in which a 10 difference between
a signal detected by a sensor and the real world is taken into ,
consi deration. Background Art A technique for detecting incidents occurring
inthe 15 real world by a sensor and for processing sanpled data out put
fromthe i mage sensor is widely used. For exanple, notion blur occurs in an
i mage obt-ained by capturing an object noving in front of a predeterm ned
stationary background with a vi depreafgeperbf the noving 20 speed is

rel atively high. -However, when an object is noving in front of a

st at i onafyalBac PROCEBE INGOR PORRETUSE S NDD MECROD!, UnNpALsREEDY A pirh@ TRiGXt ur e of
the noving object itself occur, but also the mxture of the background

i mage andPPh8ATGOFSect image occurs. 25 Hitherto, the processing of the

m xture state of the 4 Cctober 2004 - 2 background i mage and t he noving
obj ect has not been

5 Technical Field

The present invention relates to image processing
apparatuses and methods, and image—capturing apparatuses,
and_more particulaily, to an image processiné 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.

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

For example, motioﬁ 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.

A However, when an object is moving in front of a
statiocnary 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



considered. Disclosure of Invention The present inventior bhascheenmade in
view of the above-described background. Accordingly, it is an object of
the present invention to enable the separation of a background i nage and
an object image according to the mxture state. According to one aspect of
the present invention, there is provided an inmage processing apparatus for
perform ng i mage- processing on image data which is formed of a
predet er mi ned nunber of pixel data obtained by an i mage-capturing device

i ncluding a predeterm ned nunber of pixels and having a time integrating

function, bhBRgEOBEE 1PASECSSH NEHAPRGY BhdSoEPERE | BES RéLSPECI fyi ng means
for specifying, in a first period of tinme corresponding to one screen, an
uncover edcbaskgepsnd area in which foreground object conponents formng a
foreground object of a designated frame of inage data and background

obj ect conponents form ng a background object of the designated frane are
m xed, the uncovered background area being fornmed at a trailing end in a
di recti onpigacbschetbe fove@tDowd object is noving, the area specifying
means for specifying, 1in a second period of time corresponding to one
screen 4 Cctobehe20Pdsens bhbeeglenthi® bdenfhisé pervdewodrtiine, a

foreground area consisting of only the foreground object conponents and a
backgr oundbareadeonsiiséd rigackgomiydt hecbecknioupd Dbj £€tan object of
the present invention to enable the separation of a

background image and an object image according to the
mixture state. |

According to one aspect of the present invention,
there is provided an image processing apparatus 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, the image
processing apparatus comprises area specifying means for
specifying, in a first period of time corresponding to one
gcreen, an uncovered background area in which foreground
cbiect components forming a foreground cbject 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 a direction in which the foreground
object is moving, the area specifying means for specifying,

in a second period of time corresponding to one screen



conponents, and the area specifying neans for specifying4d Odtoderhiond4
period of time corresponding to one screen subsequent to the second period
of time, a covered background area in which the foreground object
conponents and the background object conmponents are m xed, the covered
background area being formed at a leading end in a direction in which the
foreground object is noving; mxture-ratio detection neans for detecting a
m xture ratio indicating a ratio of the foreground object conmponents and

t he background object conmponents in the uncovered background area and in

the covergdbbagkenound ehearifast HOregaoyndt iREKH AWidbgrerRRPdr akan means
for separating the pixel data of the pixels belonging to the uncovered

backgr oundofs eer il $ ortiie 1Ry Eoeddarkar ewidcar eampbhent-ie ahar agr ound
obj ect conponents and the background object conponents based on the

m xture reatRgrendd§ arcgepenaitogng Hor 6gIputie COAPRGES N SBHEcEONSi Sti ng
of only the foreground object conponents and a background conponent i nage
consi sti ngomponshyst hendbekgapeadspeshopeny meage fortHsedesyingsed frane.
I n one enbodi nent, the area specifying neans may tenporarily store three
frames, whncaé aherdéopsetodli el yimenpotrea@pbondhegateaospestiyemg neans nay
specify, in the 4 Cctober 2004 - 4 first period of time, an area in which a
det er m nasubsequestl tof theasécan®, pahict ¢85 tiwef ranesvoetdre the
designated frame and a frame, which is one frane before the designated
frame, isbavkgngundndreadehewhioattba fesaltofind object components

and the backgrocund object componentg 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 meansg 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.

In one embodiment, the area specifying means may

temporarily store three frames, which are consecutively

input, and the area specifying means may specify, in the



the frame, which is one frame before the designated fram, occarghdrhe@oo4s
designated frane is stationary, as the uncovered background area
corresponding to the designated frame, and the area specifying nmeans may
specify, in the second period of tine, an area in which a determ nation
result for the frame, which is one frane before the designated frane, and
the designated franme is noving, and a determnation result for the
designated frane and a frame, which is one frame after the designated
frame, is noving, as the foreground area corresponding to the designated

frame, andipBy pepeeclfyr timéheasespsd PeriRdcRfatidBermina¥£8qi N Which a
determnation result for the frane, which is one frane before the

desi gnat edeftiagefoand fhemdesiBiaheds f#w@deridnes ificeRarkyke and a
determ nation result for the designated frame and the frane, which is one

frame aft@esifieagesdignatednd afeanks whathonaryneasrihe baekgeotnd area
corresponding to the designated franme, and the area specifying neans nmay

speci fy, desiyeatédrfrpes| ofls ofiotifi®, andadedetdrmhmeti en et €T in gt i on
result for the designated pixel and the frame, which is one frane after
t he desi guatefirdmapeyhishnbyi oge feaade abdbbdes ninatdosidestbd fioamd he frane,
which is one 4 Cctober 2004 5 frane after the designated frane, and a
frame, whag@ tketdesifmaved Afime idesdesignated 4 atiee wscstatednary, as
the covered background area corresponding to the designated frane.
Accor di nghé&okanothéraaspecoroeéspdedpnesent thavéatigmted frame, and

the area specifying means 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 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 may

specify, in the second pericd 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 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, which is one



there is provided an i mage processing nmethod for performin@ctober 2004

i mage- processi ng on image data which is forned of a predeterm ned nunber
of pixel data obtained by an i mage- capturing device including a

predet ermi ned nunber of pixels and having a tinme integrating function, the
i mage processing method conprises an area specifying step of specifying,
ina first period of tinme corresponding to one screen, an uncovered
background area in which foreground object components form ng a foreground
object of a designated frame of inage data and background object

conponent sr5RENhRfeR PREKAESVGH 0BG CELaRE, thiga desEanat edyn { &aNEs afo N xed,
t he uncovered background area being fornmed at a trailing end in a

di recti onfiam¥bi ghréherhor 885 04Nt c@bEBEhe | Si4OYEANG: ortdls, 2r£a speci fying
step of specifying, in a second period of tine corresponding to one screen

subs equen&ov@réaeba&k%@@eai 8ecgf céfﬁ@sp@uﬁﬂﬁ%%@uﬂ‘i’e adl & refsd sti ng of
only the foreground object conponents and a ackground area consisting of

only the baskground object conponents, and the area specifying step of
specifying, in a third period of tinme corresponding to one screen 4

Cctober 2004 -aAbcst@seguentaboth8e 566606 Perind wfeddde, iy &ovesed
background area in which the foreground object conponents and the

backgr ounthebgetts coopdaent sn alRade Xt céhel €6 vies eithd besk gseornsk-miea bei ng
formed at a leading end in a direction in which the foreground object is
noVvi Ng; aimagétprocassng dehethaon ddep wiidet et fagmad mxtare ratio
i ndicating a
predetermined number of pixel data obtained by an image-
capturing device including a predetermined number of pixels
and having a time integrating function, the image
processing method comprises 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 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, 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 consisting of only the background object

components, and the area specifying step of specifying, in

a third period of time corresponding to one screen



ratio of the foreground object conponents and the backgr dauind toblajrecto 04
conponents 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 foreggound object conponents and the
background obj ect conponents based on the mxture ratio so as to generate
a foreground conponent inage consisting of only the foreground object
conponents and a background component image consisting of only the

backgrounduegepaBgdt thMBHE s8cbhe H851 8Aabed:fhaMea dHyQRe3embodi ment, in
the area specifying step, three franmes, which are consecutively input, my

be tenporBabkY¥roshar 8deaand WRithecher br88F&@HA 0bbIEEE, cap@&I4N Which a
determnation result for a frame, which is two franes before the

desi gnat egdnfir 8AB BAGKkGrblATEoLYBEE NcbifipOients aee Rekede the Ensd.anmt ed
frame, is noving, and a determnation result for the frame, which is one

frame bef paek§heund esignaiedchef FarRedant &hecglebignatiedd rarme dscistat i onary,
4 Cctober 2004 - 7 may be specified as the uncovered background area

corr espongihnght eht bee destggabedd f slohect ahd moviheg; secondruperigeioef tine,
an area in which a determnation result for the frane, which is one frane
bef ore theedestfont etdedrapedetantihdea debkgimaé etat i @nendbca®imdidga and a

determ nation result for the designated frame and a frane, which is one

frame afteatibecfleshgnfbedgtoan®, obeddVvitgpon@ytdeand the background
object components in the uncovered background area and in
the covered backgﬁound 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
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.

In one embodiment, in the area gpecifying 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 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,



specified as the foreground area corresponding to the dédsicgnated f20d0re,
and in the second period of 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 determ nation result for the
designated franme and the frame, which iks_one 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 tine, an
area in which a determnation result for the designated pixel and the

frame, whbghbésspaeifiaaeaaftre theodest@noielgtsan®, atSamoving, and a
determnation result for the frame, which is one frane after the

desi gnat edofresponaifigacdrene, aubighatsdt Mand| agms 2htelie thecsiesi gnat ed
frame, is stationary, may be specified as the covered background area

correspongéngod oo ft bemdeshgnated i ankicACEofdt 8miLatlyEdn aneiler gspect of
the present invention, there is provided a recording nediumin which a 4

Cctober 20Rd Srawepulleichebdabhe pragedtefsreecios déss i dier §d ofFane pei ng
used for perform ng i mage-processing on image data which is fornmed of a
pr edet er nanédtine nbes i @ha ped ef raad ai obhaieg, bynd an devgentept Wsh ng devi ce
i ncludi ng a predeterm ned nunber of pixels and having a tinme integrating
functi on, rédel t pfogr aine codapidsescanfasea spe@caf frage stwlpicf Spewndyi ng, in
a first period of time corresponding to one screen, an uncovered
backgr ountirameaafnenhticd deosiegnauved OHbieel 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 the frame, which is one

frame before the designated frame, and the designated frame

ig stationary, and a determination result for the

designated frame and the frame, which is one 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 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.

According to yet another aspect of the present

invention, there is provided a recording medium in which a



conponents form ng a foreground object of a designated friamtdfed mage dat a
and background object conponents form ng a background object of the
designated frane are m xed, the wuncovered background area being fornmed at
atrailing end in a direction in which the foreground object is noving,
the area specifying step of 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 consisting of only the background object conponents, and

t he areacampﬁtéyLﬁgaaaameoﬁraggghfykngecbﬂdédthtﬁsdpﬁégﬁgm0£eiﬁbhﬁ
correspondi ng to one screen subsequent to the secon period of time, a

cover ed bagkgr 6updparearninghielgbhprotessanguod ohhget aseaPEREBASi@Nd the
background object conponents are m xed, the covered background area being

formed at farheddofgaepdedstardinedt hanben vhiphxéhedatgr egtaundaobyect is
noving; a mxture-ratio detection step 4 October 2004 - 9 of detecting a

m xt ure rati omagdcaptagiagrdévdcef ihbeudingegrouadeobiethegonpapent s and
t he background object conmponents in the uncovered background area and in
t he coveoédphbaekgranddhaviayg andimef bneggoabihdatkgsoltnd, skeparati on step
of separating the pixel data of the pixels belonging to the uncovered
backgr oungrageamandmpoisbhe avoxeeedspackfyonmdsaepaot nspvet by g egiound
obj ect conponents and t he background object conponents based on the
m xture ratforsb mesriodgefierane aofvesgondiggcooponentcraage an

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

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

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 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



consisting of only the foreground object conponents and a chaeokgtorod4
conponent inmage consisting of only the background conponent image in the
designated frane. In one enbodinent, in the area specifying step, three
frames, which are consecutively input, nay be tenporarily stored, and in
the first period of time, an area in_wgich a determnation result for a
frame, which is two franes before the designated frane and a frane, which
is one frame before the designated frame, is noving, and a determ nation
result for the frane, which is one frame before the designated frane, and

the desigpatedréeaibgi & AlRELPBAFYLioMBYADEaEPES 41 L4 BS dhecwacover ed
background area corresponding to the designated frane, and in the second

period of fbregroandaseietd ¥bhsbnéndet gndi fiaéiwackesshidfdsjedhe frane,
which is one franme before the designated frane, and the designated frane

i s novi ngeo@penandet £ NtRat iABodeLEd 0bLEkZOOInd dPea r&s@l in foiet he
designated frane and a frane, which is one frane after the designated
frame, iscovEred,basygbeundpecedi egnd@sat herégrean@rivaclageauredr responding to
the designated frane, and in the second period of tinme, an area in which
a det er m sapavatiesustedost t bephtattng whhe hplgeDn@atd rafrecbeforeeide

desi gnated frane, and the designated frame is stationary, and a
det er m nabebongesyl tof ohe t lnecodesed riat ey foand =k tded fe@anee which is one
frame after the designated franme, is stationary, may be specified as the
backgr oundoaerad coackgpoudi ngréa iieo delse ghat eghr duadeobject
components and the background cobject components based on the
mixture ratio so és 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.
In one embodiment, in the area specifying step, three
frames, which are consecutively input, may be temporarily
stored, and in the first periocd 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 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 is moving, and a determination



and in the third period of time, an area in which a det dr @ictabiean20€84ul t
for the designated pixel and the frame, which is one franme after the
designated frane, is noving, and a determ nation result for the frane,
which is one frane after the designated frane, and a frane, which is two
franmes after the designated frane, is gfationary, may be specified as the
covered background area corresponding to the designated franme. According
to yet another aspect of the present invention, there is provided a
programfor allowing a conputer which perfornms inage-processing on inmage

data forsegudt fopredet @ssi gedesanbeinofami xe! reata, aptaimers Bne an
i mage-capturing device including a predeterm ned nunber of pixels and

havi ng a tramei afegr ath8gdésngha 08d t Breaxec W€ modhd@, adapiesi fying step of
specifying, in a first period of 4 Cctober 2004 - 11 tine corresponding to

one screegpeabf Usg oxer €fle DECKEHOLIRTY RAFE€R ddr MéEEdhd e o ® ek obj ect
conponents formng a foreground object of a designated franme of the inage

data anddéatdgs baddf phhect atd o nend ssdosmd neers dRckprioims, ©0bjLeeda of the
designated frane are m xed, the uncovered background area being fornmed at
atrailingnendicth a ddiesninon om wxeht ther fieegf s, odljiagi is omyi ng,
the area specifying step of specifying, in a second period of tine
cor r esponfiramge t loe Hoee sche efiesidpsep@nfrdme t hend i tlsd dgeerdgmakb el fitams a
foreground area consisting of only the foreground object conmponents and a
backgrountls aseationary, and a determination result for the

designated frame and the frame, which is one 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 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.

According to yet another aspect of the present

invention, there is provided 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 function to execute:

an area specifying step of specifying, in a first period of



consisting of only the background object conponents, andit lbetciieea2004
specifying step of specifying, in athird period of tine corresponding to
one screen subsequent to the second period of tine, a covered background
area in which the foreground object conponents and the background obj ect
conponents are m xed, the covered backgjound area being fornmed at a

| eading end in a direction in which the 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

conponent 8imd tHErdoEONELRE HECkEE Osbeah faarNEntHvEREd BAVREESuRAckgr ound
area; and a foreground/ background separation step of separating the pixel

data of taeepi x8l®hibel DogeHPolad t HIE] HOE OVEHBENHREKOF OHRth@rga and to the 4
Oct ober 2004 - 12 covered background area into the foreground object

conponent Soaadrbined balskgeountl objesi guapp@nerine basethonimide daxdure ratio
so as to generate a foreground conponent inage consisting of only the
f or egr ounanébpeckgronpdneind sct anchpolatkyr bondi @ NP oLt g dBge consi sting
of only the background conponent image in the designated franme. In one
enbodi nentbjeottbe aheadspbond yedgf sdep, atdreexed ) aties , undb-edred e
consecutively input, may be tenporarily stored, and in the first period of
tinme, an backgrouwhi ghea beliher ivmadd ot restrdi I g aedid ate,awhich is two
frames before the designated frame and a frame, which is one frame before
t he desi giatedtiomniey wisicbviing, feneyeoded eslnd @at | Dn 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

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 covered background area in which the

foreground object components and the background cobject

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 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



result for the frane, which is one frame before the desidguatretheir 2004 and
the designated franme 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 frane,
which is one frame before the designategl frane, and the designated frane
is moving, and a determnation result for the designated frane 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 theoseceddbpekyodunll hiae, iAboatke fbReyhbehidacHpser M nation result
for the franme, which is one frane before the designated franme, and the

desi gnat edofpatrends Gehabehe 2084kegrddndi Sb$tat i oompyneand Bagded esri nati on
result for the designated frame and the frame, which is one frane after

the desi gnhtediktane, rasistabi apaty, geRyrheespecoteégdoasd thepdaskgr ound
area corresponding to the designated frane, and in the third period of
time, an amegei nombishiag dét enhynahéofioresubtind oobidet desmpmadets pi xel and
the frame, which is one frane after the designated frane, is noving, and
a det er m aafli anbaekgtrduhdr coinpoheateimahe chonsisnengfoanenhft ehet he
designated frane, and a frane, which is two franmes after the designated
frame, isbathgionadycompynbet ipagefiedtbs fdbeigozeeddfbarekground area
corresponding to the designated franme. According to yet another aspect of
t he present In one embodiment, in the area specifying step, three

frames, which are consecutively input, may be temporarily

stored, and in the first periocd 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 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 1s moving, and a determination

result for the designated frame and a frame, which isg orne

frame after the designated frame, is moving, may be

specified as the foreground area corresponding to the

designated frame, and in the second periocd of time, an area

in which a determination result for the frame, which ig one

frame before the designated frame, and the designated frame



invention, there is provided an inmage-capturing apparat ugt Ccomprarse$04
i mage-capturing neans for perform ng i mage- processing on i mage data which
is formed of a predeterm 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;_ajga_specifying nmeans for specifying,
ina first period of tinme corresponding to one screen, an uncovered
background area in which foreground object conmponents form ng a foreground
object of a designated frame of the inage data and background object
conmponent $sf geatignarybaakgr auadrebnesibt 0bnt hesdesi gpat edef rane are ni xed,
the wuncovered background area being fornmed at a trailing end in 4 Cctober
2004 - l4geaidhaeeti gpaing whdchhtherépeeowBisH ©0B) 66k EBamBVafgerthe area
speci fying nmeans for specifying, in a second period of tine corresponding
t 0 one sctkendsshbgaguedt frameheifi sshtipratod abytbaespaciofegrasnd area
consisting of only the foreground object conponents and a background area
consi sti nghef bankgrthadbaékgr oundesbprdi ngottpotkat Sesbtdatsé fasea,
speci fying nmeans for specifying, in athird period of tinme corresponding
t o one scamédnisubbeqtibintdt pethedsefontimepeanodred ihnehieh covered
background area in which the foreground object conponents and the
backgr oundebbimitat tonporedits fare tinex dds ighetedvetesl baok grisurfkaarega bei ng
formed at a leading end in a direction in which the foreground object is
movi ng; niwRkicheis atiie Oetmex tdfoemehes defogndeecdcfiage a id xawieg.ati o
indicating a ratio of the

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.

According to yet another aspect of the present
invention, there is provided an image-capturing apparatus
comprises: 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 object of the designated frame are mixed, the

uncovered background area being formed at a trailing end in



f oreground object conponents and the background object

uncover ed background area and in the covered background area; and
f oreground/ background separation neans for separating the pixel data of
the pixels belonging to the uncovered background area and to the

background area into the foreground objgct

obj ect conponents based on the mxture ratio, and for generating a
foreground conponent inage consisting of only the foreground object
conponents and a background conmponent inage consisting of onIy t he

background gorpenesh iAvgRithR the desegprated dbhpser s Gad

anot her
franes,
speci fy,

enbodi nent, the area specifying neans nmay tenporarliy store three
wakeh abectepseguinbyes Yot NPuéei aithd heidr £assaeed fydnodeans may

inthe first period of time, an area in which a determ na

doppapdetrs 2004t he

covered

conmponents and the background

tion

In

result fotideftafPespbhdingstdwonéreasesehed@beedhent desi ghat et-d¢ ane and a
frame, which is one frane before the designated frame, is noving,
det er m napéphodiestil tiher atherégatend Wired ¢ononecinqner heiDy ectide
designated frane, and the designated frame is stationary, as the uncovered
backgr ounflioacgaccadr espeati agmponéihes desd gndbeckdranml arsk the area

speci fyi

ng neans nmay specify, in the second period of tinme, an are

and a

ain

whi ch a detesistiaig arf reedyl tthieobatRgrotindnshj edit clonsonene sf,r and bheakore t he
designated frane, and the designated frane is noving, and a determ nation

result

f ared hepdesfghay edednantonnspaci famg, whi cd tilsiohepdriom® of
time corresponding to one screen subsequent to the second
period of time, e covered background area in which the
foreground object components and the background cbiject
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.



after the designated frame, is noving, as the foreground4 &céaber 2004
corresponding to the designated frane, and may specify, in the second
period of time, an area in which a determnation result for the frane,
which is one frame before the designated frame, and the designated frane
is stationary, and a determ nation resylt for the designated franme and
the frame, which is one franme after the designated franme, is stationary,
as the background area corresponding to the designated frame, and the area
speci fying means may specify, in the third period of tine, an area in
which a 4 Cct obera®fer ditsodtedet i tiad | red esprbdi foing heedesignat ed pi xe
and the frane, which is one frane after the designated frane, is noving,
and a det eempowdrdhy resoute floree hirdmene, whihithais anssedutanelafter the
designated frane, and a franme, which is two franes after the designated
frame, isiBP@&E| omfﬁyth%tsalt% Smeeﬂ/:eﬁsenmmawem&)um Srecichy r esportd ng to the
designated, frane. In a first period of time corresponding to one screen,

an uncove?éﬁsﬁaﬁﬁf&Qﬁﬂﬁﬁeﬁ%ﬂﬁ4rﬁ%%ﬁ%#ﬁf%ﬁé@ﬁ%ﬁﬁmﬁcﬂﬁ%ﬁ%le%ﬁ%%hents f or i ng
a foreground ct of __a designated frame _of th e data and background
obj ect co’ﬁ%%% tFlt OF G nf TSy ‘%Ec%rb%ﬁﬁ“blﬁr@&e %’eﬁ%gdég?gnat ed frane are

d f h dDb d
1 ar i ng SRELHHR GEhitPaE: HNCL K GREAR. (KB £ br t0; Gund" DB ctST 0L i ng. In a

second peaLodolcdd B SRCT ey | LRRS é&%é&@f&g%&uf@ s first

peri od of oregroun
the frame, which is one frame before the designated frame,

and the designated frame 1s stationary, as the uncovered
background area corresponding to the designated frame, and
the area specifying means 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 moving, and a determination result
for the designatedlframe 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 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 the area specifving means may

specify, in the third period of time, an area in which a



area consisting of only the foreground object conponents 4afdtopdradifgriound

area consisting of only the background object
athird period of tinme
second period

obj ect conponents and the background glgj.ect conponents are mxed is
specified, the covered background area being fornmed at a leading end in a
direction in which the foreground object is noving. A mxture ratio

 ndi cati ngogor a1 b0 pbyt hesy d or EgLO g&gg S EOATERRE) S gl ar oune

obj ect
2004 -

1

conp onen s iInt uncovere

@dorpélcém%%t%&e% SESﬁé%Qd H?sm Xﬁf's .ﬂswngf the

pi xel s be onglng to the uncovered roun

backgr ounghar gagkpbemihgc { 6hegeoLd 9@& e¢che 699&9@6%@9% henbackgr ound
obj ect conponents are 5 separated based on the m xture ratio so as to

generat e fraher£gteHNehe 0ABONGNA t&ABILaRONSASA | AUFLimON I Whihe {Hregs ound

ar ea an

conponents are specified.
correspondi ng to one screen subsequent to the
of time, a covered background area in which the foreground

vered

In

obj ect conmponents and a background conponent image consisting of only the
backgr ountiramapoatueri thgedeni dhetedesirgnal ells f & eaeiod&rYY tds tths

arrangenment, the background image and the object inmage can be separat ed.
Bri ef DescovetrednbatkgheuDl aw egscéiygesponding diagrizen dédstatedng an

enbodi ment of an 15 i mage processi ng apparatus according to the present

i nvent i onframe.

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 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
area consisting of only the foreground object components and
a background area consisting of only the background object
components are gpecified. 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 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

components in the uncovered background area and in the



Fig. 2 is a block diagramillustrating the imge .processiogigrRRakaius.
Fig. 3 illustrates the inage capturing perforned by a 20 sensor. Fig. 4
illustrates the arrangement of pixels, Fig. 5 illustrates the operation of
a detection device. Fig. 6Aillustrates an i mage obtai ned by inmage-
capturing an object corresponding to a noving foreground and 25 an obj ect
corresponding to a stationary background. 4 Cctober 2004 - 17 Fig. 6B
illustrates a nodel of an inmage obtatpggsgy i mage-capturing an object
corresponding to a noving foreground d an object corresponding to a
stationary background. 5 Fig. 7 illustrates a background area, a
foreground area, a mxed area, a covered background area, and an uncovered
backgr oun¢oxesgd bPegkg8ouhtusteat és demedékedobt ahredikyledpandongtha t he
time direction the pixel values of pixels aligned side-by- 10 side in an

i mage obt ®i¥edsbyeilpagéngapputhaguarocubiredt beokgespoddiangat and sbathenary
foreground and an the object corresponding to a stationary background.

Fig. 9 il Feyerafebagkasaerd arqpi éntpi xbp %araggoand obgpahded in the tine
direction and the periqd correspondin 15 to the shutter time is divided.
Fig. 10 i FPHECPERES 3 AodBP PAC F@HngiQ€ue95|9@§panént§xpaﬁded inthe tinme
directgonsand thedpgrio correspondin

separate asea on the mlxtuge ratio so as to generate a
foreground component image consistiﬁg 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 image prqcessing apparatus according to the present |
invention. |
Fig. 2 is a block diagram illustrating the image
_ﬁrocessing 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.



to the shutter tine is divided. Fig. 11 illustrates a nodelodppad elori xel
val ues are 20 expanded in the tine direction and the period correspondi ng

to the shutter tine is divided. Fig. 12 illustrates an exanple in which
pixels in a foreground area, a background area, and a m xed area are
extracted 25 . Fig. 13 illustrates the rel ati onshi ps between pixels 4

Cct ober 2004 18 and a nodel obtained by expandi ng the pixel values in the
time direction. Fig. 14 illustrates a ngodel in which pixel values are
expanded in the time 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 i@ iRldd1lwtratess 4 Ivpdelated an nowade igbtwhimcdd piel val ues
are 10 expanded in the time direction and the period corresponding to the
shutter tPRIFSCHPVREERY Fp OPI9CE| Fosteapesdingotel aimewhiah pi xel val ues
are expapded in the tine direction and the period corresponding to the.
shutter tFPECTEOYRYi Y. 2RI @CL 18T FEERPPAIRE BO nddetatFoRkILh pi xel

val ues are expanded in the tine direction and the period corresponding to
“the shut %KY uﬁi‘divided. Fig. 19 is a flowhart illustrating the

prpcegsing f%ﬁg. 7 illustrates a background area, a foregroundrarea,
| a mixed area, a covered background area, and an uncovered |
background area.
Fig. 8 illustrates a model obtained by expanding in fhe
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
correspondiﬁg tc a stationary background.
Fig. 9 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
15 ﬁo 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 . éipanded in the time direction and the period corresponding
to the shutter time is divided.
'Fig._lz illustrates an example in which pixels in a
foregroﬁnd area, a background area, and a mixed area are

extracted.

25 . Fig. 13 illustrates the relationships between pixels



adj usting the anmount of nmotion blur. 20 Fig. 20 is a bl ogk odita@eam o4
illustrating the configuration of an area specifying unit 103. Fig. 21
illustrates an i nage when an object corresponding to a foreground is

nmoving. Fig. 22 illustrates a nodel in which pixel values are 25 expanded
in the tinme direction and the period corresponding 4 October 2004 - 19 to
the shutter tine is divided. Fig. 23 illustrates a nodel in which pixel

val ues are expanded in the tine dirqp%kpq_and’the period corresponding to
the shutter tine is divided. 5 Fig. 24771 lustrates a nodel in which pixe
val ues are .expanded in the tine direction and the period correspondi ng

to the shutter time is divided. Fig. 25 illustrates the conditions for

det er mi ni ABdt Aemafed. obtoifred. bP6ekphodingt tbeanivganphtues thethesul t
obt ai ned by specifying the area by the area specifying unit 103. Fig. 27

i | lustrat &8Mgndéxafpienef the result obtained by specifying the area by
the area specifying unit 103. Fig. 28 is a flowhart illustrating the area
speci fying 15 17 ockssthiistErgted o jmodek | onoturah indisst resliurs tdwee ar ea

speci fying processing. Fi 30.is a,block diagramillustrating an exanpl e
of  the CORPTBAPALIBNTHE LUMEXRLFECT hPPoARYl EUF abBFiaBacoTresponding

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 is 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..QO is a block diagram illustrating the
configuration of an area specifyiﬁg unit 103,

Fig. 21 illustrates an image when an object

corresponding to a foreground is ﬁoving.

Fig. 22-illustrates a model in which pixel values are

25 expanded in' the time direction and the period corresponding



20 Fig. 31l illustrates an exanple of the ideal m xture wnabicecderFi2g0432
illustrates a nodel in which pixel values are expanded in the tinme
direction and the period corresponding to the shutter time is divided. 25
_ Fig_ 33 illustrates a nodel in which pixel values are 4 Cctober 2004 -- 2
0 expanded in the time direction and the period corresponding to the
shutter tinme is divided. Fig. 34 illustrates the approximation using the
correlation of, foreground conponents. 1§ Eig. 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 m xture ratio. 10 Fig. 38 is a

bl ock di gt G 1918tk i Higteariot Kevidasti guration of the mixture-ratio.

cal cul ator 104,, Fig. 33 is a flowhart illustrating the processing for

cal cul ating t fie%ni %@url lpstrateg § Boded &1f MOWERaPLXEL Y3LUESI Aget he

processing for 5 cal.culating,.the estimted m xture ratio. Fig. 41
e alasd A e | S O SRR PR e G A GRS SSRIEES Fi . 42

illustratés a
iIlustrates | ane .for .appraxi nati.n he mxture ratio a. 20 Fig. 43
il lustrates ?hé; Sﬁhe‘ieta Son's r'ioepslso THESSixel s in

5 Fig. 24 illustrates a model in which pixel values are
exXpanded in the time direction and the period corresponding
‘to the shutter time is divided. |
Fig. 25 illustrates the conditions for determining tﬁe
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-ratioc calculator 104.
20 Fig. 31 iilustrates an example of the ideal mixture
ratio «,
Fig. 32 illustrates a model in which pixel values are
‘expanded in the time direction and the period corresponding
to the shutter time is divided.

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



a plurality of frames when the mxture ratio a is calcul at edtoralr-g2044 IS a
bl ock, diagramillustrating another configuration of the mxture-ratio
estimation processor 401.. Fig. 45 illustrates an exanple of the estinated
m xture .25 ratio. 4 Cctober 2004 - 21 Fig'. 46 is a flowhart
illustrating the mxture-ratio estimting processing by using a nodel
corresponding to a covered background area. Fig. 47 is a block diagram
illustrating an exanple of 5 the confixguration of a foreground/ background

separator 105. Fig. 48A illustrates an input inage, a foreground conponent
i mge, and a background .conmponent image. Fig. 48B illustrates a nodel of
an i nput inmage, a  foreground conponent inmage, and a background conponent

i mage. 10%EP g-daé P tBer hiwe. dhrassdpni andhirtbR pexépdvabuesspeediegpanded
in the tipe gLreg#ion and, t he, peri od cotresponding to the shutter tine is
di vi ded. EPg "SoSPRELErrbiBe 45 n@uBtded- whi ch pixel values are expanded in
the time direction d. the period correspondjng .15 to the shutter tine is
di vi ded. F!g.c%_lgilzfi{]sltlrléise HIdet | PRI DTN Weinesthit e  expanded in
divi ded. ErEEEb RO e R Barag A P RPOBEPAF i ng an exampl e of 2.0 the
cont i et o0 o ® SR RINGAY A A fn Y anddg' S A0S £ @
: Fig. 36 is a block diagram illﬁstrating the
configuration of an eétimated—mixture—ratio processor 401.
Fig. 37 illustrates an example of the estimated mixtﬁre
ratio. | |
10 Fig. 38 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.
Fig. 39 ié a flowchart illustrating the processing for
calculéting the mixture fatio.
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 Q.
Fig. 42 illustrates a plane for approximating the
mixture ratio «.
720 - _Fig. 43 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio @ is caléulated.
Fig. 44 is a block diagram illusfrafing another
configuration of the mixture-ratio estimation processor 401.
Fig. 45 illustrates an example of the estimated mixture

25 ratio.



foreground conponent image. Fig. 53B illustrates an exanpl eceébrarsepanat ed
background conponent inage. 25 Fig. 54 is a flowhart illustrating the
processing for 4 Cctober 2004 22 - separating a foreground and a background.
Fig. 55 is a block diagramillustrating an exanple of the configuration of
a notion-blur adjusting unit 106. . Fig. 56 illustrates the unit of
processing. 5. Fig. 57 illustrates a nodel in which the pixel values of a
foreground conponent inmage are expanggglig the time direction and the
period corresponding to the shutter tihe is divided. Fig. 58 illustrates a
nodel in which the pixel values 10 of a foreground conponent inmage are
expanded in the tinme direction and the period corresponding to the shutter
time is divi8éd. Fpgis5e Elbushratesliumbdeting whiechikherpixetival ues a
- foreground conponent inmage are expanded in the tine 15 direction and the
peri od c@StagFd g § oS eEive nsh it avs imigmg niosledi wiogdagspRingling0 tid laust rates a
model in which the pixel values of a foreground conponent image are
expanded SOV e DRPEITGPECE¥GR -and the period corresponding to the shutter
time 20 is divided, Fig. 61 illustrates_an exang[e of anot her

confi gurationf*8f fhelfioti BhoBkuflagra®t FhyuahFating. an example of

5 the configuration of a foreground/background-separator 105.
_ Fig. 48A illustrates an input image, a foreground
component image, énd a backgroﬁnd component image.
Fig. 48B illustrates a model of aﬁ input image, a
foreground component image, and a background component image.
10 . Fig. 49 illuStrates a model in which pixel vélues.are
expanded in the time direction and the period corresponding
to the shﬁtter 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



Fig. 62 is a flowhart illustrating the processing for adjusiong thes
anount of notion blur contained in a 25 foreground conponent. i nmage :
performed by the notion-blur 4 COctober 2004 - 23 adjusting unit 106. Fig.
63 is a block diagramillustrating an exanple of another configuration of
the notion-blur adjusting unit 106. Fig. 64 illustrates an exanple of a
nodel in which the 5 relationshi ps between pi xel val ues and foreground
conponents are indicated. Fig. 65 iLI§§tLateé t he cal cul ati on of
foreground components. Fig. 66 illustrates the cal cul ation of foreground
10 conponents. Fig. 67 is a flowhart illustrating the processing for
elimnating notion blur contained in a foreground. Fig. 68 is a block

di agr am i FFRR¥R &I NG ahRF RGFOURBNENG LR dpa @RI BPuRGe function of the inage
processing 15 apparatus. Fig. 69 illustrates the configuration of a

synt hesi zer 10049- 1 ¢ts 70 Bk gHRacan ddriamtyatiag am myxamplid lofanot her
configuraﬁ'on of .the fupction of the i mage processing 20 apparatus. Fig. 71

is a bl ock®0i GOPEIPRTRELPR &2F Ny BRELORINFIGAL T unik xkQhe-ratio
calcglator 11%%g.F§@2172 IS bIo%¥ di a ra@iIIUStrating t he

1lustrates the unlt 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 illustratés.a model in which the pixél values

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

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

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

Fig. 60 illustrates a model in which the pixel values
of a foreground component image afe expanded in the time
direction an& 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 proceésing for

adjusting the amount of motion blur contained in a

25 foreground component image performed by the motion-blur



configuration of a foreground/ background separator 1102. 42Bctobeg. 2084 S a
bl ock diagramillustrating still another 4 QOctober 2004 24 configuration of
the function of the inmge processing apparatus. Fig. 74 illustrates the
configuration of a synthesizer 1201. 5 Best Mdde for Carrying Qut the
Invention Fig. 1 is a block diagramillustrating the configuration of an
enbodi nent of an i nage processing apparatus according to the present
invention. A CPU 10 (Central Processiqg3uDit)'21 execut es various types of
processi ng according to prograns stored in a ROM (Read Only Menory) 22 or
in a storage unit 28. Prograns executed by the CPU 21 and data are stored
in a RAM (Random Access - Menory) 23 as required. The CPU 21, the ROM 22,
and the RAVUEEizy amdtcdffected 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 Fégrel30fis a Réppbafdagyampidéusiratérephonexampliesofon, and
an output unit 27, which is formed of a display, a speaker, and so on, 20
are conn@PeH o SORE LoNFaiAom ot thet dotdca 3 urTReicPling vaidc d06s

vari ous types_of prgceiiing in response tg a _conmmand_i nput_fromthe input
unit 26. The 235t henUS b pafs2anFAle oPFsBuRAdEht APnERLgR Bheesul t of

the §r0$%§%%q%n%%i%geb%%%%%% %QQEIZLElﬁes and foreground components

are indicated.
Fig. 65 illustrates the éalcﬁlation.of‘foregrohnd
components,
Fig. 66 illustrates the calculation of foreground
10 components. |
Fig. 67 is a flowchart illustrating.the processing for
eliminating motion blur confained in a foreground.
Fig. 68 is a block diagram illustrating another
configuration of the function of the image processing
:15 ‘apparatus. |
Fig. 69 iilustrates the configuration of a synthesizer
1001.
Fig. 70 is .a block diagram illustrating still another
configuration of the function of the image proceésing
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



25 . The storage unit 28 connected to the input/output 440pkebeer20044- 2 5
- interface 25 is fornmed of, for exanple, a hard disk, and stores prograns
executed by the CPU 21' and various types of data. A conmunication unit 29
communi cates with an external device via the Internet or another network.
In this exanple, 5 the comunication unit 29 serves as an obtaining unit
for obtaining an output of a sensor. Alternatively, a program my be
obtained via the comunication unit_29,and stored in the storage unit 28.
A drive 30 connected to the input/output interface 25 10 drives a magnetic
di sk 51, an optical disc 52,'a nagneto- optical disk 53, a sem conductor
menory 54, or the like, when such a recording nediumis attached to the
drive 30, CoRR4IBBEALAB af pilogr Bwnericat af sthe elinage teoeces s bapondi ng

medi um The obtained programor data is transferred to the 15 storage unit
28 and st®PBAT®RBFein if necessary. Fig. 2 is a block diagramillustrating
the, image progcessing apparatus. |t does not matter. whether the individual
functions of THE i Hage ProceeSshdis FAE AR A forfe iY@ ey @dwar e
20 or SOf%ﬁ@ie' That is, the block diagrans of this specification may be
har dwar e kK diagrams or software functional block diagrans. In this
speciﬂgcation, an image to be captured corresponding to an object in the
real world is referred to 25 as an inmage object.

Best Mode for Carrying QOut 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 acgording to programs stored in a‘ROM {(Read Only
Memofy) 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 reqﬁired. The CPU 21, the ROM 22, and the RAM
15 23 are connected to each other by a bus 24, .
An input/output interface725 is also connected to the
CPU 21 wvia 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 variocus types of prdcessing 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



4 Cctober 2004 - 26 An input inmage supplied to the i mage preees$ RG04

apparatus is supplied to an object extracting unit 101, an

unit- 103, a mxture-ratio calculator 104, and a foreground/
separator 105. 5 The object extracting unit 101 extracts a r
obj ect’ corresponding to a foreground object contained in the
~and supplies the extracted image object to a notion detecto
obj ect extracting unit 101 detects, _f exanple, an outline

area specifying
backgr ound
ough i mage
i nput i mage,
r 102. The
of the

foreground i mage object 10 contained in"the input inmage so as to extract a

rough i mage object corresponding to the foreground object.
extracting unit 101 extracts a rough image object correspon

The obj ect
ding to a

backgr ourdh s feqe contisd rfaxknied tdfe. fampaxdnpge, ardsupblskes arite ext ract ed |

i mage object to the 1.5 notion detector 102. The object ext

racting unit

101 ext r &Y U RARFF dHagEsBl s ubrihes gditlidlg ans! tee iavec kgmmnd obj ect

from for exanple the difference between the input inmage and the

ext r act eddifrge PolfRERUTESA HPo it iy 2% EAERITstad@so i hotsine
Al ternatiyely, for exanple t he object extracting unit_ 101

axtemal
may extract the

rough i mE L 6hj e Eﬁﬁ&ﬁ%gP?oaT%Ehe¥o?%5V%E%d objebbigngxenelrough

|nage Obj ct correspo dlng the background o ct fronlt
bet wed G@mw#& s A PP BUAR 9
25 the I-%Lgaln%%e an ou er f2a Sensor.

he di fference
ry and

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

processiﬁg 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 diagrams of this

specification may be hardware block diagrams or software

-functional block diagrams.
In this specification, an image to be captured
cdrresponding to an object in the real world is refe

25 as an image object.

rred to



- 27 The notion detector 102 cal cul ates a notion vector ofgcddres oughl y
extracted i mage object corresponding to the foreground object according to
a techni que, such as block matching, gradient, phase correlation, or
pel -recursive 5 technique, and supplies the cal cul ated notion vector and
the notion-vector positional information (which is information for
specifying the positions of the pixels corresponding to the notion vector)
to a notion-blur adjusting unit 106. The notion vector output fromthe
notioh detector 102 10 contains inforati on corresponding to the anmount of
novenent v. The notion detector 102 may output the notion vector of each
i mage object, together with the pixel positional information for specifying
the pixels of dhelipaelmpgectyrpribed ote heheoinaye hwwceashiusfi ng unit 106.
The amount of novenent v is a . value indicating a positional change in an
i mage cor PEBBRSAGIAGLEoSEPRBIPAgLo0BPeeP] PAtUAKESaOEiNbeupikelODj tah. For
exanple, if an ob%ect i mage corresponding to a foreground is noving such
20 that i8TP8 GPSPLAYLRTarAtpslBt i anmirbbreprreie aabguiabarallfef erence
frame mhennitaiﬁ Positiog d in the subsequent frane, the anount of
movenment 9°9f 2t hRLGBF LR RAGEITRBrAcSBBARRABTt 80P he foreground is 4. The
obj ectg extrac;ﬁqﬁ(ﬂpit 1q; gpd'the nntjoqugetector 25 102 are needed
when adj usting the éH%ﬁ%t B Horivh Hidr Llottectm zough image
' objeéct 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 lmage
object corresponding to the fofeground object.
The object extracting unit 101 extracts a rough image
object corresponding to a background object contained in the
input image, and supplies the eﬁtracted 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 objéct 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.



corresponding to a noving object. The area specifying unig k@3t ergyanes
to which of a foreground area, a background area, or a m xed area each
pi-xel of the input inage belongs, and supplies information 5 indicating to
whi ch area each pixel belongs. (hereinafter referred to as "area
information") to.the mxture-ratio calculator 104, the

f or eground/ background separator 105, and the notion-blur adjusting unit
106. The mixture-ratio cal cul ator 104 g3l cul ates the mixture 10 ratio
-corresponding to the pixels contained in a mxed area (hereinafter
referred to as the "mxture ratio a") based on the input inmage, the notion
vector and t'hem%nosi tional information thereof supplied fromthe notion
detector 102, FIHO AL ST htd Rl b 1y & Mt idre weeespeti fyi ng
15 unit 191% racgld syl plies the mxture ratio a-to the foreground/ background
separ at or 1057 O Fi SETrac et i H1a0s 0T €aF ueeT ReseaRi el he ¥a€io of the

i mge co rr.espondi ng to.the background object herei nafter al so
be ?eferp?écgfl%(g{%%r%b%%kg?%u %g%ﬁcﬁb%%eﬁ? sa)g‘?%h’f‘bq‘f‘ﬁ]e %‘i"ilél(a%aq’{@dés

expr esse ti i.ch is_._sho bel ow. The, f or egr ound/ backgr ound
segar at o?n%%ﬂs}g%hr eé%%%%ﬁ%%? ?%]éee]\‘,'\%ﬁ%na $HrRot ot E DB nent igmage
f or red of : e ] i to the foreground object
25 ( hgr ei %ﬂ(g}%ﬂehfq%%'s oérg%g%eéier r%% e’%‘{l)é a(gﬁ#'gfgég%% Ulgncgt%%rﬁp%%%%?léﬁqmg % objer

2004 - Z%OQM%M@rMM%QJErE@&%I{ O(Wpcl?fié)qryfcgpn?ation
for specifying the positions of the pixels cor;ésponding to
the motion vector) to a motion-blur adjusting unit 106.
The motion vector output f£rom the motion detector 102
10 contains information corresponding to the amount of movement
V.

The motion aetector 102 may output the motion vector of
each image object, together with the-pixel positionél
iqfofmation for specifying the pixeis 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 df the pixel pitéh. For example, if an
object image corresponding to a foregrouﬂd is moving such

20  that it is displayed at a position four pixels away from a
reference frame when it is positionéd in the subsequent
frame, the amount of movement ﬁ 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



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

m xture-ratio calculator 104 and supplies 5 the foreground conponent inage
to the notion-blur adjusting wunit 106 and a selector 107. The separated
foreground conponent inmage may be set as the final output. A nore precise
foreground and background can be obtai ned conpared to a known nethod in

whi ch only a foreground and a 10 background are specified w thout
considering the mixed area. The notio S 7ur adjusting unit 106 determ nes
the unit of processing indicating at | east one pixel contained in the

f oreground conponent image based on the anount of novenent v obtained from
t he noti opovregesprndndgbased mnvtiithg abdact5 i nfornmation. ' The unit of
processing is data that specifies a group of pixels to be subjected to the
moti on-blur abfesareatsped@aftetngmuibe Bidudetbymivhéshts hehhett i @b Hl ur is
to be adjusted, which is input into the i mge processing apparatus, 20
the foregf84RETEBAPORAERE i Arbackapphinddatesm theaf misghdoandabaskhr ound
separat.or 105, the npotion vector and_ the positional information thereof
suppl i ed PidRit RE KBEi dAPUSeLBagSr Pebongandandesunblies précemstagn t he
notion-blyr  adjusting unit 10G adjusts_ the anount of notion blur 25

cont ai eleﬂlFﬁtlFErE@rHBhHhcﬁﬁﬁén@ﬁFhiHﬁﬁ@lbpei@ﬁ6§iﬁb?rﬂiﬁéfbﬁér 2004 - 3
0 -- decrgaﬁéngédo% incrgasing,t?e notion blur contained in the foreground
conponent “FEGESATHR #Bt 1 BATHI GPFTREPESLPRG) uRPt 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 0O") 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 speeifying
15 unit 103, and supplies the mixture ratio @ to the

foreground/background separator 105.

The mixtpre ratio @ is a value indicating the ratio of
the image components corresponding to the background ocbhject
(hereinafter also be referred to as "background comﬁonents“)

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

The foreground/background separator 105 separates the
inpgt image into a foreground component image forﬁed_of only
the image components corresponding to the foreground object

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



106 then outputs the. foreground conponent inage in whiclh catrewel Q@hodpDti on
blur is adjusted to the selector 107. It 5 is not essential that the notion
vector and the positional information-thereof be used. Motion blur is a
distortion contained in an imge corresponding to a noving object caused
by the novenent of an object to be captured in the real worl.d and the

I mge- 10 capturing characteristics of the sensor. The selector 107 selects

one of the foreground conponent inagezgupplied fromthe

f oregr ound/ background " separator 105 and the foreground conponent inage in
whi ch the anmount of motion blur is adjusted supplied fromthe 15

not i on- bl ur, adj.ust.i n}g%_}urgjct 106 based, on, for exanple, a selection signal

refl ecti mfh LRAko 1SR ORERE oHRdHR sFoxmRA <of ety #7 egr ound

conponent,_ | €. i nput_ i mage supplied to the inmage processi ng _ apparat us
i's di scust eqlgl\%i]vﬁo[ %efneqsg%iaes‘{)cg G e AT I GUH- s 331‘1@}?13895)
illustrat 1 e capturin erf or ne sensor. The sensor, is fornmed
of, for e%gonl%lr%% e‘?%D °R afr&gleq%ouunp%d%glyq;\ﬁrt‘g)éﬁ JeG e r hrov ded with
a CCD ar, r [ I ol i d-.st i i n vi ce. . An 25 object
111 corre%%c?ﬁl .réﬁcg""i?\?@ ﬁc])er énglrg{otﬁanrze ifr?qi c’eagragLa urﬁa%tr g %xtadbders“z‘ﬁgﬁw—g 31

~movess f qih XM oo}y i&ﬂg)tcﬁlelbryt fin{%{%égﬁ'j 'ﬁié At L g A g R MEED an
obj ect 112 corresponding t6 a background and t he "sensor.

~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 comparea
to a known method in which only a foreground and a

10 background ére 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 froﬁ fhe motion wvector and based on the area

15 information. 'The unit of processing is data thaf specifies
a4 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
detectbr 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,



The sensor captures the image of the object 111 5 correspordidagddy0 2ioha
foreground together with the image of the object 112 corresponding to the .
background. The sensor outputs the captured inmage in units of franes. For
exanple, .the sensor outputs an inage having 30 franmes per second. The
exposure tine of the sensor can be 1/30 second. The 10 exposure tine is a
period fromwhen the sensor starts converting input light into electrical
charge-until when the conversion fromthe input light to the electrical
charge is finished. The exposure tine 3% also referred to as a "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
pl ane of aecorereipondiong incegesianetiet sotion devrceoa®rriaspondi Rget 0 each
pi.xel is disposed on .the sensor. Wen the sensor perforns inmage

capt uri ng foeaghrouad detrponeon dmegee olfhpumstdopi-kelirvabyesefintthanit
correspondi ng pi xel formng the image. For exanple, the position of the
det ect i on 1@évitbeni gutbutx dheefoiregrovndespondsent thegehani ghntal
direction on the inmage, while the position of the detection device in the
Y directi 6foesitr efp@agionobine 25 ediuptal #prébei srlentbhelPingelts
October 2Q04 - 3 2 - As shown in Fig. 5, the detection device, which is,

f or éianﬁ?e?oé eepentdmbeFPati fpat MPEGAR VAEEOE| avfr thal pehakgenadiuring a
period. corresponding to a shutter tine, and stores the converted
eIectricaﬁngﬁzpﬁg?oghghﬁﬁﬁﬂﬁtbeuEﬁQrge is

. Motion blur is a distortion contained in an image
cdrresponding‘to a moving object caused by the movement of
-an object to be captured in the real world and the image-—
1Q- cépturing 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—b;ur adjusting unit 106 based on, for example, a
selection signal reflecting a user's Selectibn, and outpﬁts
the selected fofeground component image.

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

20  through 18. | | |
7 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 solidmétate imaging device. An

25 object 111 corresponding to a foreground in the real world



5 al nost proportional to the intensity of the input |ightts aadobkhReospeuni od
for which the light is input. The detection device sequentially adds the
et ectrical charge converted fromthe input light to. the stored electrical
charge during the period corresponding to the shutter tine. 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 tinme. 15
The el ectrical charge stored in the detection device is converted into a
vol tage val ue by a circuit (not shown), and the voltage value is further
convert eI &9 FEMPdS e PO FAN tEL 1 Jitelt W definda Sheurp@ht,
Accordingkﬁﬁﬂgqfh p%xel % Igp output fromthe sensor is a value projected
on a 20 MNEST s &PAHITCH fi%s R TFESNTDRY % AAHKGR IO eaich the

t hr ee-di jQnal portion of the object. corresponding to the foreground
or the background with respect to the shutter tine. The inage processing

Ponal . Tor exmprePhe aPBlFsRorodh MBS SR RIRTERESeLTbTS by

signal, for exanp 3 m Xt d a, by

t he- s§ or RG8-rRRYAW ?_1 eh the %,%@."%Q_;rrCJun-g1 & JJT9R PLAGES T 5 Rar aleus

adj usts the amount of distortion,” for exarple, the anount “or “motion bl ur,
caused Rnd ke ot yne QBrEQ%pB%HﬁQ@OQQQ1ﬁﬂpgﬁ¥@5k%ﬁkdktS%h%‘sE%%o% | mage

processing apparatus al so adjusts the anount o
outputs the captured image in units of frames. For example,
.the sensor outputé 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 fhe
conversion from the input light to the electrical charge is
finished. The exposure time is also_referredlto as a |
"shutter time'".

15 ‘ Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through I indicate the individual pixels. The pixéls
are diqused 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 éxample,-the position of the

_detection device in the X direction corresponds to the
_ horizontal direction oﬁ the image, while the position of the
detection device in the Y direction corresponds to the

. 25 vertical direction on the image.



di stortion caused by the m xture of the foreground i mge4 ohjtetlerandootzhe
background i mage object. Fig. 6A illustrates an inage obtai ned by capturing
a . noving object corresponding to a foreground and a stationary 10 object
correspondi ng to a background. Fig. 6B illustrates an i mage obtai ned by
capturing a noving object corresponding to a foreground and "a stationary
obj ect corresponding to a background. Fig. 6Aillustrates an inmge

obtai ned by capturing a 15 noving obj_egt2 correésponding to a foreground and
a stationary object corresponding to background. In the exanple shown
in Fig. 6A, the object corresponding to the foreground is noving

hori zontally fromthe left to the right with respect to the screen. 20
Fig. 6B ill usthksatsg®vn nodedigbtHi nack e texqpaindi nipvpicee| whialhies, for
corresponding to one line of the inmage shown in Fig. 6Ain the tine

di rect i onexgReldord zZ6WR al celivect$ oinghowhigmt Fige €B:coriespositsrd® t he
spatial direction Xin Fig. 6A. The values of the pixels in-the background
area are 995G HeRLBHIPY ¢ooREIPRNBbRK gt@undSRwpeNentne, tdad sigrddie 4
Cct ober 2004 - 34 inmmge conponents corresponding to the background object.
The val ueSP@fCPMEehr sl e at¥heat orleafdrnd Hremewnt o frechaxyd yisrom t he

f or egr.ound congonents, fhat_is, the jnmage  conponents corresponding to the

f or egrountBef B RTOBCERECRA} kR Hie t Hetensdts of the innwed ket @ns f or med

fromthe backgroun 0 nents .an e foreground caonponents.
%he ﬁ%rfbg £S5 f% the %g t is Thput. Tﬂg)detection

. device éequentially adds the electrical charge converted
r'from the input light to the stored electrical charge duriﬁg
the period corresponding to the shutter time. That is, the
10 detection device integrates the input light during the
period'corrésponding to the shutter timeé and stores fhe
electrical gharge corresponding to the amount of integrated
light. It can be considered that the detection device has
an integrating function with respect to time.
i5 | The eleétricél charge stored in the detection device is
converted into a voltage value by a circuit (not shown), and
tﬁe voltage value is further converted into a pixel value,
sgch as digital data, and is output. Accordingly, -each
pixel value output from the sensor is a value pfojécted on a
20 linear space, which is a result of integrating a certain
three—-dimensional portion of the object corresponding to ﬁhe
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



Since the values of the pixels in the m xed area are formedctbhemn bhe4s
background. conponents and the foreground conponents, it nmay be referred
to as a "distortion area”". The m xed 10 area is further classified into a
covered background area and an uncovered background area. The covered
background area is a mxed area at a position corresponding to the |eading
end in the direction in which the foreground object is noving, where the
15 background conponents are graduallyz;gavered with the foreground over
time. In contrast, the uncovered background area is a mxed area
corresponding to the trailing end in the direction in which the foreground
obj ect is npving, where the background 20 conponents radual | y appear over
time. AsTHPIUEES & a0 %, Pvh&hiengde radit APRNRG itthe o §8AGOrarea, the
backgrou&%_area or the cqvered background area or the uncover ed

backgr ountdar&2 9% BFREGE SitiCo 2PRE &Y §ﬁ§@ﬁ¢?rﬁ§euﬁﬁpuf53°fthe

m xture-rati.o aIcuI or 104, .and_,25 the foreground/b round separ at or
105 as t N8 STBIT OFrad@r F*6FPfer BGoAmOE EQ&Ot?OPIg§§gFaF€§5?

backgr ouR\ %li‘r%amltx fOI‘ %gr %um%or an %Hgg}(g%agﬁéegpgg dﬁ-g@& Covibgve I'n

background ar ea, UNCOVEr & gro

- the ageagy gar ﬁ%&%@@llﬂg,t Igg,ﬁg%th@ﬂ%s%hggfﬂ&seﬁﬁe Bout e packground 5

area is a stationary po he “f or egr area I's a noving portion, the

cover ed f nt,h r h anges from
oov backgggﬁggeggq 25820l pyNend ¥8%turd’ 82 ithed BUEEBNnkNhaGh

object and the background image object.
Fig. 6A illustrates an image obtained by eapturing a.
moving object corresponding to a foreground and a stationary
10 object corresponding to a background.' Fié. 6B illustrates
an image obtained by capturing a moving objeot correeponding
to a foreground and a stationary object oorresponding 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, thé object.corresponding to the foreground is
moving horizontally from the left to the right wieh 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



foreground, and the uncovered background area of the m xadoc&@ar 084
portion that changes fromthe. foreground to the 10 background. Fig. 8 _
il.lustrates a nodel obtained by expanding in the tinme direction the pixel
val ues of the pixels aligned side- by-side in the i mage obtai ned by
capturing the imge of the object corresponding to the stationary
foreground and the 15 i mage of the object corresponding to the stationary
background. For exanple, as the pixeLs3gILgned si de- by-si de, pixels
arranged in one line on the screen can”be sel ected. The pixel val ues

i ndi cated by FO1 through FO4 shown in Fig. 8 are values of the pixels
corresponding to the object 20 of the stationary foreground. The pi xel

val ues i nthage edoyonSis t dwougbp BOdishown tine PhackGraumed vabies: of t he

pi xel s corresponding to the object of the stationary background. The
vertical Biheecaledsiaf Filge Bixels ebporits foregneynd aankd ame dfapses from
the top to the bottomin Fig. 8 in the 25 vertical direction in Fig. 8. The
posi ti on @&1Y hEremptle jgeoveqrewhdrcomoanenys, giat his s etharigiagd n Fig. 8
corresponds. to the tinme at which the sensor starts converting input |ight
into el ect?TRAFCNERHFEEreTRRPLHRI peri Ehonf A eI rRuMbtaIRSE de of the
rectaﬁgle inﬂﬁig.%a'corresponds,to the tine at, which the conversion 5 from
the ifput |ight™S.nted-48%e o S PRI Ieh &fgdhiss Wingids ie@2 argatoirmed; he

di st h id t he bot i.d f th t le in Fig. 8
g stance LS IS OB d5ado B Rat oM sLe, cof Lhe rectangle 0 £l °

beIOMIasggﬂng the values of the pixels in the mixed area are formed
from the background components and the foreground componénts,
it may be referred to as a "distortion area". The mixed
10 area is further classified intec a covered background aréa
and an uncovered background area.

The covered background Area 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 compohents 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 gradnally 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.



that, for exanple, the shutter tine is equal to the framd ot@o®ieze20Dhe
hori zontal direction in Fig. 8 corresponds to the spatial direction X in
Fig. 6A. Mre specifically, in the exanple shown in Fig. 8, the distance
fromthe left side of the rectangle indicated by "FO1" in Fig. 8 to the
right side 15 of the rectangle indicated by "B04" is eight tinmes the pixel
pitch, i.e., eight consecutive pixels. Wen the foreground object and the
background object are stationary, theskkight input into the sensor does not
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

'Z?“?Lepﬁéhzfsshiw"v& PR art e e%rs%mr BL IS « I BIRRe | 1 Fi .
9. The nupmber V|r§%9l d|V|dq% portlon be set according 25 to the

amount of  hOVENBhT V of- the bbj & Of Tespo %r?‘bn BTohet" D08 - - 3 7 -

o oS 6, st 1 T2 1120

di vi ded portlons I's set anount "0 ane

eriod c r o fo r portions. 5
per RS &lﬂl Oto ﬂgesﬂhg ¢ Sﬁéﬁ? ir§tlﬁiél’fl rs't aaceog etd from

The uppernost line in Fig. corresponds to

when she shad tes hascopenad-y The-Sa5oNtdnd i Ag-dh-&idh %éear% sponds to the
ed.

second di vi ded peri od fron1mhen the shutter has open he third line in

Fig. 11 werimspsses:dn, thes tdivdh&h ety RSl h fd LM gL the ea

area is a portion that changes from the background‘to the

foreground, and the uhcovered background area of the mixea

area is a portion that changes from the foreground to the
10 background.

7 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 té the staticnary foreground and the

15 image of the object corresponding to the stationary
background. For exémple, as the pixels aligned side-by—sidé,
pixels arranged in one line on the screen can be selected.

ATﬁe pixel values indicated by F0l1 through F04 showﬁ in-
Fig. 8 are values of the pixels COrresponding to the object

20 of the stationary foreground. The pixel valueé iﬁdicated byr
-B01 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 cofresponds 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



10 shutter has opened. The fourth line in Fig. 11 correspond$scbke bhea
fourth divided period fromwhen the shutter has opened. The shutter tine
diwvided in accordance with the amount .of novenent v is also hereinafter
referred to as the 15 "shutter tinme/v". Wen, the object corresponding to
the foreground is stationary, the light input into the sensor does not
change, and thus, the foreground conponent FOl/v is equal to the value
obt ai ned by dividing the pixel vaIue_Fg by the nunber 20 of virtual
di vided portions. Simlarly, when the object corresponding to the
foreground is stationary, the foreground conponent FO02/v is equal to the
val ue obtai ned by dividing the pixel value FO2 by the nunber of virtual
di vi ded p®ft FbAsrechangbeegnolihd. cBnponenspFOds vid stieguaime cat 2Bhidie val ue
obt ai ned by dividing the pixel value FO3 by the 4 October 2004 38 nunber of
virtual dFRFdeEnpOEt $EASLS apdnyREting egrPURdl igbhpbnenteFOdtwical equal to
t he val ue obtai ned by dividingﬁ the pi xel value FO04 by the nunber of
virtual dfURBEE pBRtFBAsPosithen 2hethsjbettemrsidpondi bge tvettangle
background ig, stationary, the light input into the sensor does not change,
and t hus, TEhelBackgrotheSRonPdnent EBD1FYME s2 kgl Ck ot heconed Tei®bt ai ned by
di viding the pjxel.value B0l by the nunber of virtual divided portions.
Sini!éﬁly%r%%ehﬁ?h%nBB_e%%gEB ¥BF?eE%%n%fﬁﬁtbe?Lep%%ﬁﬁﬁr%ﬁnﬁFQ%ﬁhed-
statlonar¥ha£hfs, 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 horizeontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
ekample shown in Fig. 8, the distance from the left side of
the rectangle indicated by "FOL1" in Fig. 8 to the right side

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

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



background conponent B02/v is equal to the, val ue obtai nadobkyobeirvizdioag t he
pi xel value B02 by the nunber of virtual divided portions, the background
conponent BO3/v is equal to the value obtained by dividing the pixel value
BO3 by the .15 nunber of- virtual divided portions, and the background
component BO4/v is equal to the value obtained by dividing the pixel value
BO4 by the nunber of virtual divided portions. Mre specifically, when the
obj ect corresponding to the 20 foregrgynd is stationary, the |ight
corresponding to the foreground object input: into the sensor does not
change during the period corresponding to the shutter tinme. Accordingly,
the foreground conponent FOl/v corresponding to the first portion of the
shutter tPHe/SPTeERYHEN T HE pothay ahwrtemstopenedFon rxdmyleyr died
conmponent FQ /v 4 Cctober. 2004 - 39 corresponding to the second portion of
the shut M™% VT gHRWMERT 4R MR hasS offthdd 4 remortdsr ound
conponent FO%Morres onding to the thi rdC;F)or_ti on of the shutter tine/v
fr om wherf tHE? Y Denet, * arfthd NS RGP B Ssippshast too1/ v

correspondi ng.to the fourth partion of the shutter, tine/v fromwhen the
shutter hn%tse gspheun%%e]i)etc]ﬂ% Jtsnéﬂvslz?ﬁeéj VA 2. FotHe RE A5l i es to FO2/v

the. backar ound s “EB EME o AT tPnE 1A gt CEOFPECRANRI A8 L8t REZBAckar ound
obj ect i&Wdéﬁ%ﬁi%%.wrwﬁ%e%%Otsﬁw h%%r iorilgsl}e%e. peIrhieOdsecond
| line in Fig. 11 corresponds to the second divided period
from when the shutter haé opened. The third line in Fig.'ll
corresponds to the third divided period from when the
10 shutter has opened. The fourth line in Fig. 1i corresponds
to the fourth divided period from when the shutter has
opened.
The shutter tiﬁe 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 FO1 by the number

20 of wvirtual divided portions. Similar;y, when the-object
corrésponding to the foreground 1is 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



corresponding to the shutter time. Accordingly, the backgoatathecozpgraent
BO1/v corresponding to the first portion of the shutter tinme/v from when
the shutter has 15 opened, the background conponent BOLl/v corresponding to
the second portion of the shutter time/v fromwhen the shutter has
opened, the background conponent B0O1l/v corresponding to the third portion
.of the shutter tine/v fromwhen the shutter has opened, and the
backgr ound. conponent B01/v 20 corresgp%%iqg to the fourth portion of the
shutter tinme/v fromwhen the shutter S opened becone the sane val ue. The
sanme applies. to B02/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 correspopdengofovibgubacgrodad persianhsonanyg. thd Eotrebepur@04 - 40 Fig.
10 illustrates a nodel obtained by expanding in the tine direction the

pi xel val gespenepheFpixEl $si agpadé thi hhe vathaedphgaanedvbyedibadkggound
area, when the object corresponding to the foreground is noving to the
right in 5hEjgixe .Vﬁhuﬁi594lgy the anboar of whyeweatdyvided. Since one
frame is a short period, it can be assunmed that the object corresponding
to the foPBGFoBRA-is a rigid body noving with constant velocity. In Fig.

10, 't obj ect__i na corresponding to the foreground is noving such that it
is 10 positi omé%flygéfﬁ ‘ﬁﬂﬁe&s TP ITGHIT v iR SPRREIEPRE Fof erence
from hocRrbibfa b PER STy DRpRt 2508 Phe ' L8Box ' Bo€L a0t Oeninge " X' ©
and thus, the background component B01l/v is equal to the
value obtained by dividing the pixel value B0l by the numﬁer
of virtual divided portions. Similarly, when the object
10 corresponding to the background is stationary, the
background component BOZ/V is equal to the value obtained by
dividing the pixel value B02 by the number of virtual
divided portions, the background component BOB/# is equal to
the value obtained by dividing the pixel value B03 by the
15 number of virtual divided portidns, and the background
component BO04/v is equal to the value obtained by dividing
the pixel value B04 by the nuﬁber of virtual divided
portions.
More specifically, when the object corresponding to the
. 20 foreground is stationary, the light‘cdrresponding to the
foreground object input:ihto the sensor does not change
during the period corresponding to the shutter time.'
Accordingly, the foreground component F01/v corresponding to
the first portion of the shutter time/v from when the

‘25 shutter has opened, the foreground component F0l/v



fourth pixel belong to the foreground area. In Fig. 10, #thectpbxel 30brom
the fifth pixel to the seventh pixel fromthe 15 | eft belong to the m xed
area, which is the covered background area. In Fig. 10, the rightnost

pi xel belongs to the background area. The object corresponding to the
foreground is noving such that it gradually covers the object
corresponding to 20 the background over tine. Accordingly, the conponents
contained in the pixel values of the_ pixels belonging to the covered
background area change fromthe background .conponents to the foreground

" conponents at a certain tinme during the period corresponding to.the shutter
time. 25 For exanple, the pixel value Msurrounded by the thick 4 Cctober
2004 -- £PrigspeRdimarity. the issconst essdd agy odgidte ghutbermhéliow/v M =

B02/ v+B02/ v+FO07/v+F06/v (1) For exanple, the fifth pixel fromthe left

cont ai ns TP AAEG Fifd SEGTRIGHe ha Sc dReRSson dihey &5 seFeUset ioswoskentthe 5
shutter tj ’/v and foreground conponents corresponding to three portions of
the shut tF@:IEtVi (RO 2 SRRRRGs T fdtenibhtidide Porddiod é’foft%iehéhﬂlitftteﬁ pi xel from
the left s

conponenﬁ?ﬂm%ngE§%ﬂﬁﬁ§%§%gﬁ %&éﬁéﬁ${in]gggpg%%g %%3:%%2??%%%5%%§%5910
1% Ul ETATeHR PSRN P RAROTELENS, S e SIS 1Ll
seventn Rintleel’ A} 'eilhn UM s ARLHLOWIL CYRARPCHLI LY kgePonding
same #alue. The same applies to F02/v through ﬁ04/v, as in
the case of F0l/v. |
. When the object corresponding to the backéround 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 compbnent B0l/v corresponding to the first
portion of the shiutter time/v from when the shutter has
15 opened, the background component BOl/v correSpondinQ to the
second portion of the shutter time/v from when the shutter
has opened, ﬁhe 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.



portions of the shutter time/v and a foreground conponentd bdztebetegpondi ng
'to one portion of the shutter tine/v, and thus, the nixtuLe rgplo a of the
fifth pixel fromthe left is 3/4. It can be assuned that the object _
corresponding to the foreground is a rigid body, and the foreground object
is mnoving wth constant velocity such that it is displayed four 20 pixels
to the right in the subsequent frame. Accordingly, for exanple, the _
foreground component FO7/v of the fourtfy pixel fromthe left in Fig. 1.0
corresponding to the first portion of the shutter time/v from when the
shutter has opened is equal to the foreground conponent of the fifth 25
pixel fromthe left in Fig. 10 corrﬁggggﬁggg to tgﬁbsecond 4_Cbtpb§r 2004 -
42 portion ofFtfie Lhuitbestraeey &r epbthbnedudy eexprasdinpeired.
SiniParIy, t he foreground congonent FO7/v is equal to the foreground
conponent *Bf tABesAXFRCHiRBI thEoRikRe Vaibesi afFthe pdxedsr érponding to the
third portion of the shutter 5 tinme/v fromwhen the shutter has opened, and
the foregrofifid *E6 GHBﬁtaoFOYﬁéegeVéﬁFﬁrﬁPRQIaFPBW]fH@nIEh? Ph]ﬁﬁg. 1g
corresponding to the fourth portion of the shutter tine/v fromwhen the
‘shutteP h%grgﬁgﬁgﬂ.ng gantﬁg 585EHEQ PHat St HRVOBFetP EBFrE3PBRAIRG to Lhe
10 foreground ks a rigid body, d the fgre round object is moying wt
Constéﬁt gg?éc?ﬁy sé%hb%ﬂatﬁgf ?ged?$BP3 eangﬁVe?EP sVslff4th§StE%Egn;2t
t he subse n c n % : of.exanmple, e rgg u
FO6/ v of ?ﬁ% t%ﬁig‘&%ng%i ée%ﬂ{’rjémg %"éo?ef E‘ti = iﬁs%%‘?&e %ﬁdﬁ‘@ to the
first object corresponding to the foreground is a rigid body
‘moving with constant velocity. In Fig. 10, the 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 subsequeht frame.
In Fig. 10, the pixels from the leftmost pixel to the
fourth pixel belong to the'foreground area. In Fig. 10, the
pikels from the fifth piiel 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. Accbrdingly, 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



15 portion of the shutter time/v fromwhen the shutter hdsocopeeed2iogiequal
to the foreground conponent of the fourth pixel fromthe left in Fig. 10
corresponding to the second portion of the shutter tinme/v fromwhen the
shutter has opened. Simlarly, the foreground conponent FO06/v is equal 20
to the foreground conponent of the. fifth pixel fromthe left in Fig. 10
corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened, and the foreground,jconponent of the sixth pixel from
the left in Fig. 10 corresponding to the fourth portion of the shutter
time/v 25 fromwhen the shutter has opened. 4 Cctober 2004 - 43 It can be
assuned t{%t t he ob ect corresponding to the foreground is a rigid body,
and the f i el IS SXRFATIEQh TRERR (B) de¢igwsuch that it is

di spl ayed fou _pi the right in the subsequent frame. Accordingly, 5
for exanpl e, "'F@%é%r%ﬁﬁdvégﬁﬂdﬁ'ﬁi6#@5/v of the ddéond pixel fromthe

left in Fig. carrespandi to the f|r ortion of . the shutter tinme/v
from when the%%hutfgpp t@% féd G qgquﬁ?q SeRdadd®pénent  of

e gl A ) AR
oo B SR .erﬁO%Vréa% 945’ roera%lstnz%;gﬁ{essuwﬁf%egzrﬂ
?Lr tegsouigi%%eﬁ%)c#ﬁn\c%f fo[fﬁ?hg pI er reg/rm t he Cfgﬁl? ned nm{ ulrSe
ratio @ 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 0 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. Accordinglj,
for example, the foreground compenent 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



10 corresponding to the fourth portion of the shutter tingebetobeenoben the
shutter has opened. It can be assuned that the object corresponding to the.
foreground is a rigid body, and the foreground object is 20 noving with
constant velocity such that it is displayed four pixels to the right in

t he subsequent frame. Accordingly, .for exanple, the foreground conponent"
FO4/v of the left nost pixel in Fig. 10 corresponding to the first -portion
of the shutter tinme/v from when the_sQQtLer has opened is equal to 25

t he. f oreground conponent of the second pixel fromthe left 4 Cctober 2004 -
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 pauEionocfhkh¢ oskytbendtimefpohert wien hehe hshatpéxetad rom t he
left in Fig. 10 5 corresponding to the third portion of the shutter tinme/v
f r om when®PRBedhut $&r1 hasl vpehiee, fanegrtiend oreppeonentt BOhporenteqfal he
fourth pixel fromthe left in Fig. 10 corresponding to the fourth portion
of the shbPtEhetfokpgromndncoprerene ehutherskath gpbrel. fomn Sihedate

f or egr oungd a%ea Cféres onding to the noving, object contains notion blur as
di scussed-Above; CAPT SFRYIGHRT r & et dE R br AP or vt toF thihvn shutaer Fig. .

11 il lustyat del, obt ai ned b di ' the ti di ti th
pi xel *val GEAG THED pYHER SO THEL ST |14 THRATHH (Pt i CSRARP Wb kgr ound

val
area When.LiGoRkkecss E8LTSSPONL G181 B CLRITRHAT 15 JTyI g to the
corresponding to the fourth portioh 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 FOC/V of the third
pixel from the left in Fig. 10 corresbonding to the first
15 portion of the shutter time/v from when the shutter has
opened is equai 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 éomponent FO06/v is equal
QO to the foreground component of the fifth pixei 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 ieft in Fig. 10
corresponding to the fourth portion of the shutter time/v

25 from when the shutter has opened.



Fig. 11. In Fig. 11, the anount of novenent v is 4. Sincéd Cateberal@ltids a
short period, it can be assuned that the object corresponding to the
foreground is a rigid body 20 nmoving with constant velocity. In Fig. 11,

t he object inmage corresponding to the foreground is noving to the right
such that it is positioned four pixels to the right with respect to a
reference frame when it is displayed in the subsequent frame. 25 In Fig
11, the pixels fromthe |l eftnost pixel to the 4 Cctober 2004 - 45 fourth
pi xel belong to the background area.” I Fig. 11, the pixels fromthe fifth
pi xel to the seventh pixels fromthe Ileft belong to the m xed area, which
is an uncovered background area. In Fig. 11, the rightnost pixel belongs -
to 5 the for&groandbar aasuhbd ehpectheopbgspandongebpohliénfotegtnend whi ch
covers the..object corresponding to the background is noving such that it
i's gradudlohegremmded sf romitghiel dlojdect anek rasp diodiengrounal tohg deackgr ound over
time. Accordingly, the conponents 10 contained in the pixel values of the
pi xel s b&ogdgiongittd tclem s twmdo werled 1ivac legroduridhadr é& dlsadge rflegexdt eur
foreground conponents to the background conponents at a certain time of

t he peri ®&*€disr &opdhdi Agabd tie thieuspdsagueat Faamexanpiceordiagdyxel val ue
M surrounded by the thick 15 frame in Fig. 11 is expressed by equation
(2). M Lorp2remPd £ v tBEe APrEEsPNnE CorpongdmEIls /v Offe thief skcpngel from

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

portion of the shutter time/v from when the shutter has
,oﬁened is egual to the foreground component of’the third
pixel from the left in Fig. 10 corresponding to the second

10 ﬁortion 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 pixei from ﬁhe
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.
19 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.

It can be assumed that the object correéﬁonding to the

foreground is a rigid body, and the foreground object is

20 moving with constant velocity such that it is displéyéd four
pixels to thelright in the subsequent frame. Accordingly,
for example, the foregrdund compohent F04/v of the left most
pixel in Fig. 10 corresponding to the first pcortion 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



background conmponents corresponding to three portions of 4t betobbut 2604
time/v and a foreground conponent corresponding to 20 one shutter portion
of- the shutter tine/v., and thus, the mxture ratio a of the fifth pixel
fromthe left is 3/4. The sixth pixel fromthe | eft contains background
conponents corresponding to two portions of the shutter tine/v and

f oreground conponents corresponding to two portions of the 25 shutter
time/v, and thus, the mxture ratio a f, the sixth 4 October 2004 - 46

pi xel fromthe left is 1/2. The seventh 'pixel fromthe left contains a
background conmponent corresponding. to one portion of the shutter tine/v
and foreground congonents corresponding to three-portions of the shutter
tine/v, ahdl Bighusy ¢heresrondenyatd othe ofetded spventdn ppKethdromthe |eft
is 1/4. Wien equations (1) and (2) are generalized, the pixel value Mcan
‘be expr esRYthG* ekifae{ BN ¥Ry Wivgr the pshuFier Nag Jpargedvher$imal isrlshe

m. Xt ure raﬁio B indicates a pixel_value of the background, and Fi/v

desi gnat 578 FOFEYFOURY CORPORRRE . FI4/ Cahs A% Uk dthehafondar whjckct
corresponding to the_ foreground js a rigid boq%%fMMich is nmoving with

~constant SVRPLTRY, ChntPE nEPrdURt =St hvRnEM 1Y, imdter didyly, for 15
nor g AOEer PRSI oS BT nE TS HONGHTR o e (e cdmaihel v 17 om
when, the BPuh el B OPAREEds neg el Nnd WEO" AU SRR OF the
' compeonent of the fourth pixel from the left in Fig. 10
corresponding to the fourth portion of the shutter time/ﬁ
from when the shutter has opened.
10 Since the foreground area corresponding to the moving
.object contains motibn 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‘ lihe including an uncovered backgrpund area when the object
corresponding to the foreground is moving to tﬁe 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 fo the right such
that it is positioned four pixels to the right with respect
to a reference frame when it is displayed in the subseqgquent

frame.

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



the left in Fig. 11 corresponding to the second portion df Gddee A0t er
time/v fromwhen the shutter has opened. .Simlarly, the foreground
conponent FOl/v is equal to the foreground conponent of the seventh pixel
fromthe left in Fig. 11 corresponding to the third portion of the shutter
time/v fromwhen the shutter. has opened, and the foreground 4 Cctober 2004
- 47 conponent of the eighth pixel fromthe left in Fig. 11 correspondi ng
to the fourth portion of the shutter_tpgelLv from when the shutter has
opened. It can be assuned that the object corresponding to the 5
foreground is a rigid body, which is noving wwth constant velocity, and

t he annqu of .movenment v is 4. Accordingly, for exanple, the foreground
conponentt BY REEGhPIh thithd admidind itea n Fing Figl cld{rréfg’&)ndi ng
to the first %x%tio Ofdih shuttg@ tiWﬁé% from when the shutter has 10
opened | LB TPT nd'G dhid* S ¢ orfp Ikt S BFet He RigtRdrt HX 9t ¥&1e from t he
left in F carres ding to, the secgnd . portion of the shutter tine/v
from V\henl%te%%lu%rf%r Cﬁgtgie 6'%@?%%1.6‘@% |W§H‘"S}'} 15HéT TEGERE conponent
FOZ/Vis;ﬁg}i?gg t foreqr npqQnent_.of, .t he ei ght ixel fromthe 15
left in Fig. rlol%:rgdr r%ge&o'ndﬁ%lg%t%d t f\lgl t ﬁ:lq}red rplcﬁtﬁnbons%qulxﬁg %?ry}ﬁ’t"tgér %[OI me/ v
from when syg% ‘ ened. It can be assuned that the object
correggoﬁg%ﬂgfto lﬁgﬁfgﬁéﬁggund is arigid body, which is noving with

constant . vel g6kl ¥ojded EB2-a¥pURLIQL FBYERENEYektofina GROLH BgL¥Es20 for

exanpl e, the foreground conponent FO3/v of the seven
the object corresponding to the background is moving such

that it is gradually removed from the object corresponding
to the background over time. Accordingly, the components

10 contained in the pixel values of the pixels belonging to the
uncovéred background area change from the foreground
components to the background components at é certalin 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 equétion (2).

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

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

20 one shutter portion of the shutter time/v, aﬂd thus, ﬁhe
mixture ratio & 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



pi xel fromthe left in Fig. 11 corresponding to the firs# Optobeean2004t he
shutter tinme/v fromwhen the shutter has opened is equal to the foreground
conponent of the eighth pixel fromthe left in Fig. 11 corresponding to
the second 25 portion of the shutter tine/v fromwhen the shutter has 4

Oct ober 2004 - 48 opened. It has been described wth reference to Figs. 9
through 1.1 that the nunber of virtual divided portions is 4. The nunber
of virtual divided portions correspond? to the anbunt 5 of novenent v.
Ceneral ly,” the anpunt of novenent v co ﬁe§ponds to the noving speed of the
obj ect corresponding to the foreground. For exanple, if-the object
corresponding to the foreground is noving such that it is displayed four

pi xel s-topikelrfghh whe hleEspestl{D. a Teet aevefitlaneixdenfidm 16hé Sleft
positioned in the subsequent franme, the anount of novenent v is set to 4.
The nunbegcotaimnstaadbadiyieend portponsnt sceetespordimy aoe osganserwidgh t he
‘amount of novenent v. Simlarly, when the object corresponding to the

f or egr oun®f i shepshwgteuchingbr and  Sokepbayddeceipopixes s to 15 the |eft
with respect to a certain frame when it is_ "positioned in the subsequent
frame, theCERPIRERIINGOVRENICS PYBLLUS t@f | Bhe affthtrr nirefv ofand r t ual
divided portions is ,set to 6., Figs. 12 and 13 illustrate the rel ationship
of t h%’ 260 r ePOUmt HHER, A Bgdk%r%ds%t‘f%Fh atkehef ram elehaarkeft whi ch

consi sts of f Eovered background or an uncovered
S 1s I/4.

When equations (1) and (2) are generalized, the pixel

value M can be expressed by equation (3):

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

- 10 _where O is the mixture ratio, B indicates a pixel valie of

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

foreground is a-rigid body, whichris moving with constant
velocity, and the amouﬁt of movement is'4a Accordingly, for

15 example, the foreground component F01/v of the fifth pixel
from the left in Fig. 11 corresponding to the first portion
of tﬁe shutter time/v from when the shutter has opeﬁed is
equal to the foreground component of the sixth pixel from
the left in Fig. 11 corresponding to the éecond portion 6f

20 the shutter time/v from when the shutter has opened.
Similarly, the foregrbund component FOl/% is equal to the
foreground component of the seventh pixel from the left in
Fig. 11 cofresponding to the third portion of the éhutter

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



background, which are di scussed above, to the foreground4 Catpberent&0and

t he background conponents corresponding to the divided periods of the
shutter tine. 25 Fig. 12 illustrates an exanple in which pixels in the 4
Oct ober 2004 - 49 foreground area, the background area, and the m xed area
are extracted from an inmage containing a foreground corresponding to an
object nmoving in front -of a stationary background. In the exanple shown in
Fig. 12, the object 5 corresponding toz$4he foreground indicated by Ais
hori zontally noving with respect to the screen. Frane #n+l is a frane
subsequent to frame #n, and frame #n+2 is a franme subsequent to frane
#n+l. Pixels in the foreground area, the background area, and 10 the ‘m xed
area are SRWNEEY % drhorRiEith Rl Aramrdigieth4n Biwl tide anount of
novenent v is set to 4. -A nodel aqbtained by expanding the pixel values of -
the extr &PVl HIERT i%0 tHE HF td RAGAD i%f s hiut ey tirs/vsi nce t he
obj ect correspgndi to.the foreground is 15 noving, the pixel values in

t he foregéroolfnn cllaernea eresqu(r)lfr% N&5F RSN fferent foreground conmponent s

correspondi ng {0 e, shutter tinmelv,,K For exanple, the |eftnost pixel of
the pixels i%%tﬁ%ﬁf8?e8%83ﬁ&daFg§tsﬁBﬁnOPHeEFQF°E§eEBH§ P9 &P, theol/ v,

02 v [ORRCaAT e s b GLIES Ll SR, L0T el comain
stationare1ddigft, IR leHN it SN 3Rvea¥r+esPqRding %%égy%ingly, '
for example, the foréground component F02/v of the sixth
pixel from the left in Fig. 11 corresponding to the first

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

10 opened is equal to the foreground component of the seventh.
pixel from the left in Fig. 11 éorreSponding to the second
portion of thé shutter time/v from when the shutte¥ has
opened. Similarly, the foreground component F02/v is equal
to the foreground combonent 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 compohent'F03/v of the seventh
pixel from the left in Fig. 11lcorresponding to the first
portion of the shuttef 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



background during the shutter tine does not change. |n tH 9ctohes, 200d

pi xel values in the background area do not contain 25 notion blur. 4

COct ober 2004 - 50 The pixel values in the m xed area consisting of a
covered background area or an uncovered background area are forned of

f oreground conponents and background conponents. A description is given
bel ow of a nodel obtained by 5 expanding in the tinme direction the pixel
val ues of the pixels which are aligneqesLde-by-side in a plurality of
frames, and which are located at the same positions when the franes are
over | apped when the inmage corresponding to the object is noving. For
exanpl e, when the inmage corresponding 10 to the object is noving
horizontaPP?nﬁPth respect to the screen, pixels aligned on the screen can

be selected as_the pixels aligned side-by-side. Fig. 14 illustrates a
nodel obt ai ned by RERR APIFELRSR ¥k HITEIGh thd igscelS thicstghar e

al i gned sige-ﬁ%-s%de 15 in three frames,  of an i mage obtained by capturing
an obj ect™to p i a y : ch- ar ocate
bj ect “toFPREpbHTi RFPOT a5t ¥t F bat yIbutdeyd BPRS wh? ch- arBhe | ocat ed
at the saﬂgmggéié%ogs ef#%feiér&nes gre overlqg ed. Franme #n is, the
frame subsequent °to’ T ade #ATITCAAPPFHHRRS M TTIP IS fFAneh e (BHifent to
frame g#n. gq§ SANE.pplie %0 the other franes. The pixel values B0l
t hr ough Bl s%ovvn.n?n‘pFi g(?eli r%irf ‘ p@%lalg%‘flﬁésgﬁﬂ?‘é%%'ﬁﬁi‘ﬁg to the
stati onar ¥, PACKEE Q40 dr o 0L EGhov A ECEELE OP) BFL G L&SPANALNG, L0y d Ne
background is : _
. 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 virtuwal divided
portions is set to 4 in accordancée 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 amcunt 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 afea, and the mixed area
which consists of a covered background or-an uncovered
background, which are discussed above, to the foréground
components and the background compenents corresponding to

the divided periods of the shutter time.

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



stationary, the pixel values of the correspondi ng pixel s4i pc2bbkrag® 04n- 1

t hrough franme #n+l1 do not change. For exanple, 4 Cctober 2004 - 51 the
pixel in frame #n and the pixel in franme #n+1l | ocated at the correspondi ng
position of the pixel having the pixel 'value BO5 in frame #n-1 have the

pi xel value B05. . Fig. 15 illustrates a nodel obtained by expanding in 5
the time direction the pixels which are aligned side-by-side in three
frames of an inmage obtained by capturi an object corresponding to

aforeground that is noving to the right”in Fig. 15 together with an object
corresponding to a stationary background and which are |ocated at the sane
10 positions when the franmes are overl apped. The nodel shown in Fig. '15
cont ai ns prsgrened Bawlegr dired bercdaroundriageal 5 and theamibedssuwredrichat the
obj ect corresponding to the foreground is a rigid body noving with

const ant e¥dlrg¢itted faed @ratiniage sompeiing nsueh fohmgrounds 15 di spl ayed four
pixels to the right in the subsequent franme. Accordingly, the anmount of
nmovement SPHXESPONSHAST e Mol ecdf meiviiigalindifiricddd oot isdrag-liopagy For
exanpl e, the foreground conponent of the leftnost pixel of frame #n-1 in
Fig. 15 ORGSR ng o tige eparerle shoysy tinofish e 6t & eGtme/ v from
when t he shutteraﬁﬁs opened is F12/v, and the fore%%pund conponent of the

second HNEr® 0% tReffre Fogegropnd dPPdSHdRd RY Po itshe second portion

of the shutter time/v fromwhen the shutter has opened is also F12/v. The
f or egr ouns “eEHSA BPVEiRg PhiHhg 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+1. |
Pixels in the foreground area, the background area, and
10 the mixed area are extracted from one of frames #n through
#n+2,.and the amount 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 pikel valﬁes 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 iﬁ the foreground arearshown in Fig. 13 consists of
F0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the
20 foreground contain motion blur. |
-Since the object corresponding to the background is
-Stationary, light ipput 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.



25 pixel fromthe left in Fig. 15 corresponding to the thi odtébeet aoern 2004
- 52 portion of the shutter tinme/v fromwhen the shutter has opened and

t he foreground conponent of the fourth pixel from the left in Fig. 15
corresponding to the fourth portion of the shutter time/v fromwhen the
shutter has opened are 5 F12/v. The foreground conmponent of the |eftnost
pi xel . of frame #n-1 in Fig. 15 corresponding to the second portion of the
shutter tine/v fromwhen the shutter h%% opened is F11/v. The foreground
conponent of the second pixel fromthe-eft 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 |eft
in Fig. 15 cofhespixel ngalwes hin fouks thipod taom ofoddiestsing teef £inme/v  from
when the shutter has opened is F11/v. 15 The foreground conmponent of the

| ef t rost piPXekedf bcagrousd- drea Prganléncoveespopadckgroond hereédiade porti on
of the shutter tine/v fromwhen the shutter has opened is F10/v. The

f or egr oundogBRponénfoskarhendecondoperes &ndnbahkgrefind compoyents.
corresponding to the fourth portion of the 20 shutter tine/v fromwhen the
shutter has operndPE¢sirtser B grivemHee ko @ff curitPdohpdneninast he | ef t nost
pi xel of frame #n--1in Fig. 15 corresponding to_the fourth Eortion of

the shutt&FPEPARPY ERoFNGNERNENELERGELRR RBS BHEREIVELUEDOPH . thEnce the
e ers b RRRIIR A" 8rkS) PASES" VRS b3-o fe 512" A OpPltar 1§ SR COr ound

frames and which are located at the same positions when the
frames are overlapped when the image corresponding to fhé
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 éligned side~-by-side

15 in three frames of an image obtained by capturing an object
| correspénding to a stationary background and which are
located at the same positiéns 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.812 shown in Fig. 14 are
pixel values corresponding fo the stationary background
cbhject. Since the objecﬁ'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,



4 Cctober 2004 - 53 fromthe left of frame #n-1 in Fig. 41Bceebeespondi ng
to the first portion of the shutter tinme/v fromwhen the shutter has
opened is BOl/v. The background conponents of the third pixel fromthe

|l eft of frame #n-1 in Fig. 15 corresponding 5 to the first and second
portions of the shutter time/v from when the shutter has opened are B02/v.
- The background conponents of the fourth pixel fromthe |eft of frame #n-1
i.ln Fig. 15 corresponding to the first ghrough third portions of the
shutter tine/v fromwhen the shutter has opened are 10 B03/v. In frane
#n--1 in Fig. 15, the leftnost pixel fromthe |eft belongs to the
foreground area, and the second through  fourth pixels fromthe |eft belong
to the nmibhd Bl Whifdieme ¢y atsh el Bigeadgrisuridraftedintilb T e it

t hrough t Ifth i xels fromthe |left of frame #ra-1 in Fig. 15 belong to
the back SPONd G R i S Q/faﬂaé% Rl diavEme B“ék? tH®igh B11,

respectlvel first thr flfth els from.the Ieft in franme #n I n
Fig. 15 bel ong-g@ f%‘t q%ﬁﬁd é”f’%?r]ed’raold’rﬁj BOp conponent in the
shutter tlme/\Lg:L n &ge g nd area of fb%a s an e_of ,FO5/v
t hr ough F12/v Pt can'pe assungﬁ EnZPaF éEF Vr§§ 8H TR &8 the

f or egs oundhy & ind I ARG, T NG WALh. e 8l500] that, jt is

novi ng suc tcﬁ' or eground “I'mage | s%% I'spl ay efdglfr Cﬁ ?? §"‘3Td(§E the

right in J.trh%lﬁlélesef@é‘ﬁ{éts fangy i %t?ﬁ'_raﬁ% by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 15 together with an object corresﬁonding to a |
stationary background and which are 1ocated at the same

10 pesitions 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 foregroupd component of the leftmest
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 F12/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 1s alsd Fl2/v. The foreground component of the third

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



- 54 Accordingly, the foreground conponent of the fifthpioelbpeht amolzhe

|l eft of frame #n in Fig. 15 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has opened is F12/v, and.the

f oreground conponent of the 5 sixth pixel fromthe left in Fig. 15
corresponding to the second portion of the shutter tine/v fromwhen the
shutter has opened is also F12/v. The foreground conponent of the seventh
pi xel fromthe left in Fig. 15 correspgﬂﬁing to the third portion of the
shutter time/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/ porthenf ofegheuntdutoaponent/of frbm Fhéhhtpexehuteem hhe 15 left
of frame #n in Fig. 15 corresponding to the second portion of the shutter
tinme/v fropenRénandetbhufbeeghasndopemnpdnistFdét/ the Theutohegieahdfeemponent
of the sixth pixel fromthe left in Fig. 15 corresponding to the third
portion ofhehéeshuineFigi mkbvcoroasphedingetshtheefohath2foopeoedofs al so
F11/v. The foreground conponent of the seventh pixel fromthe left in Fig.
15 corr espBRdFRGEEBEt hémef BufFAmpBReRohhef shubtehubeer opémedvate om when t he
shutt h opened is F11/v. The foreground conponent of the fifth pixel
from the Fgg/Veft of frame #n in Fig. 15 corresponding to the third 4

Cct ober 2004 -_55 _ ,
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
}0 in Fig. 15 corresponding to the third portion of the shutter
time/v from when the shutter has opened is alsoc Fll/v. The
fdreground component~6f the third pixel.from the left in Fig.
lS_corresponding to the fourth portion of the shutter time/v
from when the shutter has opened ié 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'Fld/V.
The foreground component of the second pixel from the left
in Eig. 15 corresponding to the fourth portion of the
20 shutter time/v from whén'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



portion of the shutter tine/v fromwhen the shutter has gopefetars 261 V.
The foreground conponent of the sixth pixel fromthe left in Fig. 15
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has 5 opened is also F10/v. The foreground conponent of the fifth
pi xel fromthe left of frame #n in Fig. 15 corresponding to the fourth
portion of the shutter tinme/v fromwhen the shutter has opened is F09/v.
Since the object corresponding to the Background is 10 stationary, the
background conponent of the sixth pixel from the left of frane #n in Fig.
15 corresponding to the first portion of the shutter tinme/v fromwhen the

shutter -h efl. § 5 hg_ backgr d onents t he, sevent h
o T P rteme P R S A e R | ¢ st

pi xel fromthe left o B Th correspon

d i t e < t 4
and secongi poF thoprs: &f éPetﬁguéﬂﬁ%téf”Pﬁﬂ J$ %% ﬂwWﬁ'ﬁ e?% pl&%# ??3n1the

opened, are B06/v. The background conponents he elg

left of fHasmeopnéd i&igo1 AP, COrEESHONEL NG AP %&ﬁpéﬁé;ﬁ% s LE ouah thi ng.

portion of the shutter tinme/v from when the utter s opened are

BO7/v. i npfevet fiom i thé&i Gerd S f tii€arsd X1 hipughy e'ﬁ‘tébﬁé%ﬁéd?n gidpm the
left belong to the mixed area, which is a covered backgrou area The

ni nt h5t hriougthe vt f4th pikedscdridpd el def to OftHd ARt 2 #Jhrﬁ@/x}:' frort©
bel ong to the background area, and the pixel 4 COctober 2004 - val ues
t her eof arfeeBOghe hwhoughe B s ragsgpesd iamd YB02/v. The bac_kground
components of the fourth pixel from thérleft of ffame #n-1
'in Fig. 15 corresponding to the first thfough third portiﬁns
of the shutter time/v from when the shutter has opened are
10 BO3/v.
In frame #n-1 in Fig. 15, the leftmost pixel from the
;eft belongs to the fqregrouna 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;l in Fig. 15 belong to the background area, and the pixel
values thereof are B04 through Bl1, respectively.

The first through fifth pixelsrfrom the left in frameA
#n in Fig. 15 belong to the foregfound area. The foreground

20 component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through Fl12/v.

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

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



The first through ninth pixels fromthe left in frame #at+bcitbberg20b2
belong to the foreground area. The foreground conponent in the shutter
tinme/v in the foreground 5 area of frame #n+l is any one of FO1/v through
F12/v. It can be assuned that the object corresponding to the _foreground
is arigid body noving with constant velocity, and that it is noving such
that- the foreground image is displayed four pixels to the right in the
subsequent frame. 10 Accordingly, the f%rggrOUnd conponent of the ninth
pixel fromthe left of frane #n+l in Fi'g. 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
correspondiagrdéonghe, 15hsefondgponhidonomponbhetshfit thke f£ifehvpizem when the
shutter has opened is also F12/v. The foreground conponent of the

el event h preml theohefheoFeframa fhginlBigor téspondesgotditdetottiheed portion
of the shutter time/v fromwhen the shutter has opened and the foreground
conponent £&Fstheorfiepnt af pihel spotiesntine/vefronnwhey. thé sontespondi ng to
the fourth portion_ of the shutter tine/v fromwhen the shutter has opened
are F12/basTRReRBHedf obihd/ ConpBAehie of orRETANRE hCpIR@N Rt o thiee | ef t oOf
frame #n+l .in Fig. 15 corresponding to the second 25 portion of -the

shutter tPFEFY PHEFTEwWREA™t RReshefteinnBids et 6PEFESPPRILING 7L Giedred i s

F1l/v. The for grougd conponent of the tentp Pixel fromthe left in Fig.
15 Corresﬁgﬁapﬁgp?ﬁ 7B ¢ igﬁe shutter time/v Irom 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
Fiz/v.
| The foreground componenﬁ 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 foregrqund 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 6pened is also Fll/v. The foreground éomponent 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 Fl1/v.
" The foregrduﬁd component of the fifth pixel from the

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



portion of the shutter tinme/v fromwhen the shutter has apeRedys 3l3Q

F1l /v. The foreground conponent of the 5 eleventh pixel fromthe left in
Fig. 15 corresponding to the fourth portion of the shutter tine/v from
when the shutter has opened is Fll/v. The foreground conponent of the
ninth pixel fromthe Ileft of frame #n+l in Fig. 15 corresponding to the
third 10 portion of the shutter tinme/v fromwhen the shutter has opened is

F10/v. The foreground conponent of thesgenth pixel fromthg 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

pi xel fr the |e f frame #n+l in Fig. 15 corresponding to the fourth
portion géggt:ﬁlem{sh%% ttgnre tsihrruey P r%lrﬁl%ve e W%%tt?}é‘g ‘?rﬁéttiﬁ%ﬂ?tﬁ is FO9/v.
Si nce the,qbjget: reapondi o the background is stationary, the

backgr oun coeﬁrfpolnsg%ug/fs‘p't hghpegné%repqrioe n#r%brﬁ“pcﬁbeqmeofea}'te o¥ane #n+l in

Fig. 15 cort&espandl finsty poyti 0 . shutter, tinme/v. from when
t he shutf%{ has ope%ﬂit ioiset 091/r1v.E%T%'ep%ciog%oeugr‘?d&{(}gln%#eonﬁ_sheofgrqe%eﬂbI event h

bi xel 11 QB Qi t@le (AN inldy i Ghond Sl [ERPAING . b0, Lhe f17st

and second portions of the shutter tinme/v trom tter has

opened arcpdildyl Vi.s B daaoroundie @ Ralo 04 ad SRIRONENtS, Of: st
ng

twelfth pixel fromthe left of frame #n+¥l in Fig. 15 correspondi o the
first throogh tdvond per tiedt oFf ftdigneshit tiof Hige/1s [dAPaMRRding Shut ter
has' opened are
the fourth portion of the shutter time/v from when the
shutter has opened is F09/v. |
Since the objectrcorresponding to the backgrouné is
10 stationmary, the background component of the sixth pixel from
the leff of frame #n in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
Aopened is B05/v. The background components of the seventh
pixel frqm the left of frame #n in Fig. 15 corresponding to
15 the first and second pqrtions 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 ére
20 BO7/v.
In-frame.#n in Fig. 15, thé sixth through eighth pixels
from the left belong to the mixed area, which is a covered
backgroundrarea. | |

The ninth through twelfth pixels from the left of frame

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



Bl1l/v. 5 In frame #n+l in Fig. 15, the tenth through tweldf phtopexebsolsr om
the left belong to the m xed area, which is a covered background area. Fig..
16 is a 'nodel of an inage obtained by extracting the foreground '
conmponents fromthe pixel values shown in Fig. 10 15. Fig. 17 illustrates
a nodel obtained by expanding in the time direction the pixels which are
aligned side-by-side in three franmes of an inmage obtained by capturing an
object corresponding to a foreground gag is noving to the right in 15 .
Fig. 17 together with an object corres% nding to a stationary background
and which are |ocated at the same positions when the franes are
over | apped. The nodel shown in Fig. 17 contains an uncovered background
area. |n Vajued7theérecfinabe BBSundotdiatBthe obspett20=lopr responding to the
foreground is a rigid body nmoving with .constant velocity, and that it is
nmovi ng such t H&te iftinst Winplay ed ftduripieds! Sram tthe rligftt inn fidaeme
subsequent frame. Accordingly, the anount of novenent v is 4. For exanple,
the foregfdtihdlieohidneh? btlere tefthmsforesroindlardafrdie #n-1 in Fig. 17
correspongin to the first 4 Cctober 2004 - 59 portion of the shutter
tinme/v frbif FRENRReCARRRRRR L hiy B ndtk b e r1Bine /ankk tile firregoaumm -
conpoggnt of thf gecond EﬂXel fromthe left in Fig. 17 corresponding to
the s€cond~SPporti oFART tHEl skt Hedy FOOAY vHerPude Biidter has

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

10 Acco;dingly, 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 féreground 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 F12/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corfesponding to the
‘third portion of the shutter time/v from when the éhutter
has opened and the foreground component of the twelfth pixel

20 from the left in Fig. 15 corresponding to the fourth portion
of the éhutter 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



5 opened is also F13/v. The foreground conponent of the thbedoppik-xebohr om
the left in Fig. 17 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened and the foreground conponent of
the fourth pixel from the left in Fig. 17 corresponding to the fourth
portion of 10 the shutter tine/v fromwhen the shutter has opened are
F13/v. The foreground conponent of the second . pixel fromthe Ileft of franme
#n-1 in Fig. 17 corresponding to the-fgpst portion of the shutter time/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, ti v_fromwhen the shutter has opened is al so
Ct Etguc"(r)'rrpo té CL

F14/v. ThFEFegrodit VETHETHhi TYPPKEE T orie heeRett in Fi g.

17 corre ' he fifrst., 20, portijon of the shutter tinme/v fromwhen
t he Shutf%r %ag‘g%%lgnéeﬁ] ilsmtlr1t15]7r§/.0&L |n1052 He ol ¢ lrb%rfi%sﬁb%di’r}?fgrc?o t he

background, i Rl y, ] onent.s of the |eftnost pixel
of fraﬁergon-lﬁlaélﬁg. 1fhc%¢}%e£g%lﬁ'g%ﬁgnﬂd%&¥@%le(%%% ﬁrhurﬁjeg%etﬁfourth ‘
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has open are B25/v. The backgroun second pi xel from

the- | eft @fefdraire gikell ifkdm thé-ﬁeﬁ@rﬂr?%)ﬁ_;ﬂ.diﬂg éc&xtgkﬁjc;mfr%]argp durth
portions of the shutter tinme/v fromwhen the shutter has openhed are B26/v.
fourth portion of the shutter time/v from when the shutter
has opened is Fll/ﬁ.
The foreground component of the ninth pixel from theA

left of frame #n+l in Fig. 15 correspoﬁding to the thifd

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 fourtﬁ
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 fdurth portion of the shufter time/v from when the
shutter has opened is F09/v.

Since the object corresponding té the béckground 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 #in+l in Fig. 15 corresponding
ﬁo the first and second portions of the shutter time/v from

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



5 The background conponent of the third pixel fromthe |af bbbt amys#n-1
in Fig. 17 corresponding to the fourth portion of the shutter tinme/v from,
when the shutter has opened is B27/v. in frame #n-1 in Fig. 17, the
| ef t rost pi xel through the third pixel belong to the m xed area, which is
an 10 uncovered background area. The fourth through twelfth pixels fromthe
left of frame #n-1 in Fig. 17 belong to the foreground area.. The
foreground conponent of the frame is a y one of F13/v through F24/v. 15
The |l eftnost pixel through the fourth pixel fromthe left of frame in 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
corr espondpmgohenthecf 20hé otegl Htndpisen figndtbedyefiove N vahd HoRBt ant
velocity, and that it is noving such that it is displayed four pixels to
the right ihnFidie thbseguespofidane. tActhe dfhysy, thheugh fiohegt gt tooponent
of the fifth pixel fromthe left of frame #n in Fig. 17 corresponding to
t he firstoﬁoﬁg?oﬁhéitﬁs theesnufren whem/ Vhé romwben hae aprrndedratrms opened
is F13/v, _4 October 2004 - 61 and the foreground conponent of the sixth
pi xel froRtth®- left in Fig. 17 corresponding to the second portion of the
shuttE% tinmelv fron1mh%ﬂtthe shutter has opened is also F13/v. The

u

f oreground congbrgto e deerdh 1o xding GRS thequaht tweldity 17
QorreSpO”S£281é°f£Q§ %Qérfepgrééfghéﬁto the mixed area, whiéh is a
covered background area. |

Fig. 16 is a model of ‘an image obtainéd by extractiné
the foreground components from the piXei 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 whgn the frames are overlapped. The model shown
in Fig. 17 contains an uncovered background érea.

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 éxample, the foreground component of the leftmost

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



the shutter time/v fromwhen. the shutter has opened andat betoberegnound
conponent of the eighth pixel fromthe left in Fig. 17 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are F13/v. 10 The foreground conmponent of the sixth pixel fromthe left of
frame #n in Fig. 17 corresponding to the first portion of the shutter
tinme/v fromwhen the shutter has opened.is Fl14/v. The foreground conponent
of the seventh pixel fromthe left in £g. 17 corresponding to the second
15 portion of the shutter time/v. fromwhen the shutter has opened is al so
F14/v. The foreground conmponent of the eighth pixel fromthe left in Fig.
17 corresponding to the first paortion of the shutter tine/v fromwhen the
M SPendd e e

shutter HPds-'Ghe faytfen 3 ige{ve fuam sgjet ttheoshedemditeg to t he
background is stati ry, the background conponents of the fifth pixel
£rom the SRR Fard vin AR 76 SEHIESh STIRRGAd: e theees@nchr ough
B0/ v. TR BaCRG PR 28 SEmpOnaE &7 (RERSSHERIREeILor (oM SREPSI ¢ of
;gﬁ??h#ggbgfgﬁgp%&b%?ﬁggg%3fg§r€?3ﬁ¥%€f%%%%ﬁ&%%ﬁ%#%gsgﬁﬁ%ggr %é;doggged are
Frame #n ER Erg o1 68 fopandi Ayt & EROTEOA SOEBEREL oR of "enErSRHL t or
tine/v f pamewnenohN@nshublcer 1Ra%; LPEReLors B3 nMing to the third
portion;of the shutter time/v from when the shutter has
- opened and the foreground component of the fourth pixel‘ffom
the left in Fig. 17 corresponding to the fourth portion of
10 the shutter time/v from when thé shutter has opened are
Fl13/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 cemponent 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 is also Fl4/v. The foreground coﬁponent éf the third
pixel from the left in Fig. 17 corresponding to the first
20 pértion 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



In frame #n in Fig. 17, the fifth pixel through the seventhtpbes 2i0pam t he
| eft belong to the m xed area, which 1is an uncovered background area. 10
The eighth through twelfth pixels fromthe left of frame #n in Fig. 17
belong to the foreground area. The wvalue in the foreground area of frane
#n corresponding to the period of the shutter tine/v is any one of F13/v

t hrough F20/v. -15 The | eftnost pixel through the eighth pixel fromthe
left of frame #n+l in Fig. 17 belong taq the background area, and the pixel
val ues thereof are B25 through B32, respectively. It can be assuned that

t he 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
pi xel s t oheReoprgRe net B8S4ubsefhenbatkameunAccongpnghys dhethéor egr ound
conponent of the ninth pixel fromthe left of franme #n+l in Fig. 17

cor r espon8FR§EoPERELf frem Bbetlehtopf2bramet fim—shint Bigti #@/ v from when

t he shutter has opened is F13/v, 4 Cctober 2004 - 63 and the foreground
conponent SBFEERBOPEAPH BPxEhef EBiFehend| 6purth Fpytiamscefrskponding. to
the second, portion,of the shutter time/v fromwhen the shutter has opened
is also ET§%§?rTﬁémF6Ve FEUnHREBnpBReARUBECF nR2 | ebened pFReB26/6m 5 t he

left in Fig, 17 ding to the third porti f__the shutter time/
{1 om vhen HRcLSREBEBR HaE BRARBATcha THE CPOTRGPONRG COMPORBRLLEAL (%6

twel fth pf%ﬁhefﬁgﬂitgg %%&E i? corresponding to the fourth portion of

the shutter time/v from whcn the shutter has opened is B27/v.

'In frame #n-1 in Fig. 17, the leftmost plxel throughr

the third pixel belong to the ﬁixed areé, which is an
_ 10 uncoﬁered 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 F13/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 érea,
and the pixel values thereof are B25 through B28,
respectively.

It can-be assumed that the cbject corresponding to the

'20. foregrouno is a rigid body mOVing with constant velocity,
and that it is moving such that it is displayed four pinels
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,



Fig. 17 corresponding to the fourth portion of the shuttar gckbmeivabhpham
when the shutter has opened are F13/v. 10 The foreground conponent of the
tenth pixel. fromthe |left of franme #n+l in Fig. 17 corresponding to the
first portion of the shutter time/v fromwhen the shutter has opened is
F14/v. The foreground conponent of the eleventh pixel fromthe left in
Fig. 17 corresponding to the second 15 portion of the shutter tine/v from
when the shutter has opened is al so- R#4/v. The foreground conponent of the
twel fth pixel fromthe left in Fig. 17 corresponding to the first portion
of the shutter tinme/v fromwhen the shutter has opened is F15/v. 20 Since

t he object cq;re ondi n o the backgraound is, stationary, the background
conponenf& - rﬁeﬁtrﬁ%ﬁl é’lompf’rn&’ﬁtt F?g I SEE Y Rigetnfirom theg, 17

dth rt t f th hut t t /
??ggfsagg%%qﬁe%gﬁéﬁter ﬁ%§95ﬁgﬁé§ Fg'p$%55% cP%FB&Hg §§u58%;onggfsv

K nie Al i dbunes okt

Fig. 17 correspon |ng to't tourt por

timelv fkqmuhen e fmﬁ&sunaaﬁgﬁgg%ﬁtaf mﬁ%“ vehlf Backqre uggg_

conmponent of the eleventh pixel t he 17
corr esporgieng elr® e F3 gl oyt EoBQE‘ébgﬁd@Bgt h}% shut ttﬁ&fg BB%&BBO{JE‘WG” the

- shutter has opened i1s ™ B35/v. In frame #n+l in Fi e nin t hr ough
el event hthpi x@h$ tEroR, ke %fcbml #hBhOtnd7shakerd hast Beefibyednal fae
foreground component of the eighth pixel from the left in
‘Fig. 17 corresponding to the fourth portion of the shuttef
time/v froﬁ 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/ﬁ from when the shutter Hhas
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 trom 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 ié
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-froﬁ
when the shutter has opened are B29/v. The background

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



whi ch is an uncovered background area. 10 The twel fth pixebckegert heoheft

of franme #n+1 in Fig. 17 belongs to the foreground area. The foreground
conmponent in the shutter tinme/v in the foreground area of frame #n+l is
any one of F13 through F16, respectively. Fig. 18 illustrates a nodel of an
i mage obtained by 15 extracting the foreground conponents fromthe pixel
values shown in Fig... 17. Referring back to Fig. 2, the area specifying
unit 103 specifies flags indicating_chgWﬂch of a foreground area, a
background area, a covered background area, or an uncovered 20 background
area the individual pixels of the input inmage belong by using the pixel
values of a plurality of franmes, and supplies the flags to the

m xt ure-r &ide &4l cokaeepotrddngand the mbtirdnablufoadithspbrgionstof06 as the
area information. 25 . The mixture-ratio cal culator 104 cal cul ates the

m xture 4tbet 6battegosimeds fram whenf sheegbhtpexehasonpannedara the mi xed
area based 09 the pixel values of a plurality of franes and the area

i nformati 8A%/¥nd ThppbrekorrendarempanentnPkt the saveathxpisvelt hzom
foregroungﬁbaﬁkground separator 105. 5_The foreground/ background separ at or
105 extract§ tfétf BfefF8URd RorPofieAt Lin§erE6ABPEEing 6p Bheyfewnsth

the arba PRFGETR: PonthanghEhEo kLGFLY SEPD MHoAndnecaBprFes The for egr ound
. , , groun
conponent .|, 0Bgg 19 £Jg, goti on-bl ur
In frame #n in Fig. 17, the fifth pixel through the
seventh pixélrfrdm the left belong to the mixed area,_whiéh
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 foréground area of frame #n corresponding to
the period of the shutter time/v is any one of F13/v through
F20/v. |
15 7 The leftmost pixel through the eighth pixel from the
léft of frame #n+l in Fig. 17 belong to the background area,
and the pixel values thereof are B25 through B32,
A;especfively.
It can be assumed that the object'correspoﬁding 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 fromlthe 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,



10 adjusting unit 106. The notion-blur adjusting unit 10Gq 2déses b4
anmount of notion blur contained 1n the foreground conponent inage based
on the foreground conmponent inmage supplied fromthe foreground/background
separator 105, the notion vector 15 supplied fromthe notion detector 102,
and the area ‘information supplied fromthe area specifying unit 103, and
then outputs the foreground conponent inmage in which motion blur is

adj usted. . The processing for adjusting:{he amount of motion blur 20
perfornmed by the' inmage processing apparatus is described below wth
reference to the flowhart of Fig. 19. In step SIl, the area specifying
unit 103 executes area specifying processing, based on an input image, for
gener at i 8§cartdg fopemeanidorompeneatt mf tidentiesithopixeflofegroihe area, a 25
. background area, a covered background area, or an uncovered 4 Cctober 2004
- 66 badigdrodhd Fadea ldacRrFEPIONGANChED ApGt siaregel Pordigs. ofDéh&i | s of
the area specifying processing are given below. The area specifying unit
103 supplFifedtefe tgBREVafeqmardan ithito SRREIEY 18 st PPt dise 21&0i o

cal cul at 04. In step S11, the area specifying unit 103 may generate,
based on%ﬁﬁévinpgpeiﬁﬁﬁggrﬁPQQ CRrEPRES RS e &lievgnitd RM%Q§hf%Pmthe

et ougdaigny Ko dackgconnd e e XS Lea (Legar dheos of
?ﬁg kgroung Alek +19 §3GR /B FEbnClnble nilP Whu't 7RI 188 Q0% ed' TnlBoaSE:
foreground component of the twelfth pixel from the left in
Fig. 17 corresponding to the fourth portion of the shuttef
time/v from when the shutter has opened are F13/v.
10 A The foreground component of the tenth'pixel.from the
left of frame #n+l in Fig. 17 coﬁresponding 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
lfirst 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



f or eground/ background separator 105 and the notion-bl ur adjustieg gnioh 106
determ ne based on the direction of the notion vector whether the m xed
.area is a covered background area or an uncovered background area. For
exanple, if the 15 input image is disposed in the order of the foreground
area, the m xed area, and the background area in the direction of the
nmotion vector, it is determned that the m xed area is a covered
background area. I'f the input inmage is %isposed in the order of the
background area, the m xed area, and t R& 20 foreground area in the
direction of the notion vector, it is determned that the mxed area is an
uncovered background area. In step 512, the m xture-ratio cal culator 104
cal cul at eBigheli gburespatiibng fortkachhprdekndofibaroardpbpt26nt hesm xed
area based on the input inage and the area 4 Cctober 2004 - 67

i nf or mat i 6he Phvaies bimehe Arsruvkerathe shbittéat hag opensedssiag are given
bel ow. The m xture-ratio calculator 104 supplies the calculated m xture-
ratio a tB3thE- fBRegpecherpuciigroupeneepapht the 165eventh sirel Si8omt he

f or eground/ background separator 105 extracts the foreground conponents .
fromthe FRputefhegt fradedtehlthe Biea 1hferraespAndhuythe thxture ratio
a, an sgggl%es the,foreground conponents to the notion-blur adjusting
‘unit 106 FHE POFEdPBURE EbfpdRahEeT nhifes/ Tofremsypn Sie shet®®i on- bl ur

adeStIngthIép%ggd ggn§53}3§, based on the notion vector and the area

In frame #n+l1 in Fig. 17, the ninth through eleventh |
pixels from the left in Fig. 17 beiong 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+1
is any one of F13 through F16, respectively.

Fig. 18 illustrates a model of aﬁ 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 fo 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—ratio calculafor 104
and the motion-blur adjusting uﬁit 106 as the area
information.

25 . The mixture-ratio calculator 104 calculates the mixture



information, the unit of processing that indicates the pogiddays: @fona
consecutive pixels disposed in the noving direction and belonging to any
of the uncovered background 15 area, the foreground. area, and the covered
background area,  and adjusts the amount of notion blur. contained in the

f oreground conponents corresponding to the unit of processing. Details of
the -processing for adjusting the anount of notion blur are given bel ow. 20
In step S15, the inmage processing appafatus detern nes whether the
processing is finished for the whole screen. if it is determned-that the
processing is not finished for the whole screen, the process proceeds to

step Sl14,ranistde [Ja r j LAag:th of _notion blur for
p r £ HF OSESH | FOxEOT cSPELSLLAT; § Er@TRPRL, OF 2 PFIIRR 2004 -

the 25 foreground conponents corresponding to the unit ©

6 8 - prociesspingel svippeated. o If1dtal sedeterpaed. i 0, stap. Slp. that the
processing is finished for the whole screen, the processing i.s conpl eted.

In this nemferpatien) rBge PIHCESSE NehARRAT & Listd§ @%Pﬁ@' {5 aglusting
t he amount of notion blur contained in the foreground by ﬁ%%%?g?fﬁé t he

f.or egr ounfcheantb tdwer owrat ket cntburkh adepsratde igmge processing apparatus is
capabl e of adjusting the anmount of notion blur contained in sanpled data

i ndi cating th&hgi elregalouasl /b cidye-ofxnide gepand t ok0 105X @lxSraEhe ¢@rfi guration
~of each of the area specifying unit 103, the. mxture-ratio cal cul ator
104, 't he foreground component image consisting of only the foregrouhd
components based on fhe pixel values of a plurality of
‘frames, the area information, and the mi#ture 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 componént image
based on the foreground component image supplied from the
foreground/background separator 165, 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
S;l, 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



f or egr ound/ background separator 105, and the notion-blur 4 aditesleir-ngouni t
106 is described below. 15 Fig. 20 is a block diagramillustrating an
exanpl e of the configuration of the area specifying unit 103. A franme
menory 201 stores an input inmage in units of frames. The frame nenory 201
stores frame #n--1, which is the frame one franme before frame #n, franme
#n, and frame 20 #n+l1, which is the frane one frane. after frame #n. A
stationary/ noving determ ning portion -1 reads the .pixel value of a
desi gnat ed pixel of frame #n in which the area to which the pixel bel ongs
is determned, and reads the pixel value of the pixel of frame #n-1

| ocated at_ the sanme 25 position: as _the designated pixel of frame #n from
the frame PABIrENSA 2662 eaghgpixederdr heolnpafd imapeubaliesgshe absol ute

value of the .difference between the pixel values. The stationary/noving
deternini%ﬁgﬁ&ﬁFiSﬁ 385 £T88t SPRCHEY TiFePREFeER&NEh3BRUBEVERaPAEOHE t he

di fferenc hgggﬁpen the.%ixel vang 8% franme . #n 5 and t he Eixel val ue of
frame #n- T s gFEaf8Fth¥ing Présed V3t APBERIPE Fhe PeRprateddaredni ned t hat

than the resangranrio’ Koel b rEhER Fags PngadebarbRaLPn i nai cating
dot er moned t hattt Ao BuShl Ut B e arbEt oL EHERY  BFEh B h v Feneiaticel
raL O SRl U85 LRI (00, COF PAYELRAELUR SRl Bf Pt ot 11
which of the foreground area, the background area, or the
mixed grea‘(regardless of whether each pixel belongs to a
covered background area-or an uncoveféd background area)

10 each pixel of the input image belongs. 1In this case, the
foreground/badkground 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 ih
the order of.the background area, the mixed area, and the

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

In step siz, the mixture—ratio calculator 104
calculates the‘miktﬁre ratio @ for each pixel contained in

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



determ ning portion 202-1 supplies a stationary/ noving 15odeeed patison
indicating "stationary" to the area determ ning portion 203. A
stationary/ noving determ ning portion 202-2' reads the pixel value of a
desi gnat ed pixel of franme #n in which the- area. to which the pixel bel ongs
is determ ned, and reads the 20 pixel value of the pixel of frane .#n-E1l

| ocated at the sane position as the designated pixel of frame #n fromthe
“frame nenory 201, and cal cul ates the absolute value of the difference
between the pixel values. The stationary/noving determ ning portion 202-2
det ermi nes whet her the -absolute 25 value of the difference between the _
pi xel value of frame 4 Cctober 2004 - 70 #n+l and the pixel value of frane
#n i s gr daf@rmatEera piledetl ishods Hdled miilx turfe inatio detlendiandchgt hat t he
absolute value of the difference between the pixel values is greater than
t he t hr eSHEIGESH, NG ateatdioedr weakew -ng et avdmtvats-orts o dilcatliang ' novi ng"
is supplied to the area determ_ning portion 203. If it is determ ned that
the absollft%e sSPRRIE &S thensadifatedc airdtvrseFatie § &l thal ue of the pi xel
of frame _ #n+1 and, the pi xel value of the pixel of franme #n is smaller
than or dqFEIHH AHEONHIY SER2 LA Ts i -onar y/ movi ng 10 det er mi ni ng

Dot atFonary T0 EREParad " HBrePRFFURGLPYY BRGHOSOUROVRBRSERRDS 105 °

stati onar vi.ng .determ nati on supplied fr t st.ati gnary/ novi ng
det er mi nie\r%ti%c():ﬁ% C’)Cn ezgr TRYL O atcggl%onents Tom r%%e inpu 1m\ége

based on the area information and the mixture ratio ¢, 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
vgenerates, baéed 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 df‘fhe processing for adjﬁéting the
amount of motion blur are given below.

.'20 o In step SlS, the image processing apparétus determines
whether the processing is finished for the whole screen.- If
it is determinéd thét the prpcessing is not finished for the
whole screen, the process proceeds to step S14, and the
processing for adjusting the amount of motion blﬁr for the

25 foreground components corresponding to the unit of



the stationary/ nmoving determ ning portion 202- 2 indicate "stationary"'.
the area determ ning portion 203 determ nes 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 correspondi ng
to the designated pixel of frame #n in a determning-flag-storing-frane
menory 204. Wen the stationary/nnviQg'gegernfnation supplied from the
stationary/ noving determ ning portion f 2-1 indicates 25 "noving" or when
‘the stationary/noving determ nation 4 COctober 2004 - 71 supplied fromthe
stationary/moving determ ning portion 202- 2 indicate "noving", the area .
det er mi ni R§opeseioa 293repdeatedi nes that the designated pixel of frame #n
belongs to the noving area, and sets a flag that the pixel belongs to 5
t he novi ng ar ebf i ¥t the drfeRERinadbritesainli TP tdathechal@siqpestsddigiisel  of
frame # in the determning-flag-storing frame nmenory 204. \Wen the
st ati onar {FAHSNAY GeF ek nEke bR SEHRER edtRe AT OE RS B2%it } Hreenp Fanedhg
.determining portign 202-1 indicates 10 "stationary" and when the
st ati onary/ novithg-tet diafiati di'S U9 e PTG SRRITSTASy Aovi ng
determnin tiop 202- 2.indjcates "npvipg", fhe area determning portion
203" dot ef APRBLS: bt SeHes AT b e iiel hine Fish B Gorongied ro a
covered bagkg rea,, and sets a fl ipdicating. 15 t the designated
i xel “bel SHESEPEEEr 8468 nh fak it rina B% ' PELEGLI M 'nd e

) background. That is, the image processing apparatus is

15 "stationary" and when the stationary/noving determ natd @l i2ed4f rom

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 célculator 104, the
foregrouﬁd/béckground 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, wﬁich is
the frame one frame before frame #n, frame #n, and frame

20 {#n+1l, which.is fhe frame one frame after frame #n.

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



"area in the address corresponding to the designated pixel petopkfangofntl
in the determning-flag-storing frame nenory 204. \Wen the

stationary/ noving determ nation supplied from the stationary/ noving
determ ning portion 202-1 indicates 20 "noving" or when the

stationary/ noving determ nation supplied fromthe stationary/ noving
determ ning portion 202- 2 indicates "stationary", the area determ ning
portion 203 deternmines that the degiqﬁfpgd pi xel of frame #n-1 belongs to
uncover ed background area, and sets a flag indicating 25 that the-

desi gnat ed pi xel belongs to an uncovered background 4 Cctober 2004 - 72
area in the address corresponding to the designated pixel of franme #n-1 in
t he det emsimeinyg-20lag-asdociguflpdes. thenebpddite Tiedulel af, thlei ch is set in
the determ ning-flag-storing franme nenory 204 by the area determ ning
portion #8Ffieyencer bedweranphe, Pdxzlbivieliiesy. \When stthé ibhagyi/sovaay, it
indi cates, a stationary area. Wien the flag is "01", it indicates an
uncovere@eﬁéﬁﬁﬁPd@ﬁdP&F@&Onwﬁ@ﬁ‘ﬂh@eﬁﬁﬁT%@?S'ﬂ@ﬁthqq thiengbsaflegea covered

background ar ea. g%@n the flag is "II" it indicates a noving area. 10 The
det er i ni AJYe &d- Fﬁ&fﬁFﬁﬁﬁenPﬁﬁﬁfe?0$hq RdxFldyang ofofsame. Kt f1 ags

SSSOC atg% Wi t h %Hg R Sk, o h; flaq |nd|c%yln tge arga gf t he

esi ghat 88908 P fF& #ﬁ 1FreRE fPag | Td i FC &R g Hé afeRTEFthe

destanat s BLtehd ful! 208 10 (debhenfbag AdiCRng s b shea ol the

the of the difference between the plxel values is greater than
the threshold Th, a statlonary/mov1ng determination
indicating "moving" 1s supplied to an area determining

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

15 determination indicating "staticnary" 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 absclute vaiue 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



.determ nation of the areas of one frame, the determ ning- obhkag=$t 0HipAY
frame menory 204 outputs, as area information, the flags of frane #n+l in.
whi ch the flags indicating the 20 uncovered background area, the noving
area, the stationary area, and the covered background area are set. Wen
the area specifying unit 103 fini'shes the determ nation of the areas of
one frame, the determning- flag-storing frame nenory 204 shifts the fl ags
of frame #n 25 in which the flags iangithg the uncovered background area,
4 Cctober 2004 - 73 - the noving area, ‘and the stationary area are set to
frame #n+1l. When the area specifying unit 103 finishes the determnation.
of the areas of one frane, the determning 5 flag-storing franme nenory 204
shifts thénfrlagndf theapmex#h- taliia ohii Ehahbe#f| Ay gnehcat i tigad e uncover ed
background area is set to frane #n. \Wen the area specifying unit 103

fini shes phesedetbrashaliofihof TReidrdasdefeonendd abhmt tilee dabesmid ng- 10
flag-storing frame nenory 204 initializes frame #n-1. That is, when the
area specVRyPRgofinthe183ffenencet betdeeer fiaeritel arabsenfinmrdatamw, a
flag is not set in frame #n-1 stored in the determ ning-flag-storing frane
nmemory 20%happEhet hBrapbaldpEhi f §i aba thrranoireying cdeemeingdiore 15 the
areas of ong.frame, the flag indicating the uncovered background area is
set imMfra lﬁﬁtéPSreﬂOthgﬁelsd%?@?ﬁ%%@nBQfF%%-%¥%ﬁi@%ﬁ??%ﬁﬁuﬁénory 204.

portion 203. If it is detérmined 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 smalier
than or equal to the threshold Th, the stationary/moving
10 'determining portion 202-2 supplies a stationary/moving
determination indicating "statioﬁary" to the area
determiniﬁg portion 203.
When the stationary/moving determination supplied.from
the stationary/moving determining porticn 202-1 indicates
15 “"stationary" and when fhe stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicaté "stationarf“; the area determining portion 203
-determines that the designated pixel of frame #n beloﬁgs to
the stationary area, and sets a flag indicating that the
20 pixél 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



Wien the area specifying unit 103 starts to determ ne thepateas0bpone
frame, the flag indicating the uncovered 20 background area, the flag
indicating the stationary area, .and the flag indicating the noving area
are set in franme #n+l stored in the determ ning-flag-storing frame nenory
204. Accordingly, the area determ ning portion 203 sets a flag indicating
the stationary area or the noving area in 25 frame #n, which i's stored in

" the determ ning-flag-storing 4 Cctober72004 - 74 frane nmenory 204, in
which the flag-indicating the uncovered background area is set. The area
determ ning portion 203 does not set a flag indicating the noving area

when a fl | ,ndi I ng .the 5 uncovered background area or "a flag indicating
t he cover%‘gjﬁlbmgéccﬁgérooungdthaer esata}q-sloé}arré’ &P gglcf?%erfé“%%%jr‘dl% Z83dr ess
~of franme #n._ 8 termning portion 203 sets a flag indicating the
cover ed bagﬂﬁ%§ﬁ1 a?%§%%$fw§%%9§%$ﬁ %%%%ﬁ?ﬁ%%%ﬁé%&&léﬁJéb t he

det er m nipg-Jdagr st o AY N Which the flag indicating the
uncover ed backgroun Hérﬂgéej}{e?% i :Hag t'eldzngkl &5t r?\épt 65t }tnl (?r?%pfgégr g and

the fl ag dHddingAtiidg 4 | ngLar r t.. AR e l.e.qf, the processing
performed by thédgeg&l%rgs%\ge(%t%i %g%r?iegt SC%(%C i%;ﬁed@g'%lbg%lﬁéﬁggwg\ﬁi th
ref ergncated mdvigsy aakd Mrougle 23qa ¥hen éotl%e%?;io%tin%%%es&%ﬂdi ng to the

foreground is noving, the position of the imge corresponding to the
desiggated pixel of frame # in the determining-flag-storing
frame memory 204.
When the stationary/moving determination supplied fr&m
the stationary/moﬁing determining portion-202—1 indicates
10 "stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portioﬁ 202-
‘2 indicates "moving", the area determining portion 203 |
determines that the designated pixel of fraﬁe #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+1 in the'deterﬁiningmflag-storing frame memory 204.
When the stationary/moving determinétion 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
td'uncovered background area, and sets a flag indicating

23 that the designated pixel belongs to an uncovered background



obj ect on the screen changes in every frame. As shown ina2@ckicher2bootzhe

i mage corresponding to the object |ocated at the position indicated by
Yn(x,y) in frame #n is positioned at Yn+1(x,y) in frame #n+l, which is
subsequent to frame In. A nodel obtained by expanding in the time direction
the pixel values of the pixels aligned side-by-side in the 25 noving ‘
direction of the inmage corresponding to the 4 October 2004 - 75 foreground
object is shown in Fig. 22. For example,, if the noving direction of the

i mage corresponding to the foreground Object is horizontal with respect to
the screen, the nodel shown in Fig. 22 is a nodel obtained by expanding 5
inthe time direction the pixel values of the pixels disposed on a |line

si de- by- skdea Ln Fhg. agddreshecbrnesponfiinget#nthe égaagnbvetihpikéheofin
frame #n+l . The foreground conponents corresponding to the object 10

cont ai nedfranghénsécondthexaetesminénghftegeatdrpigefrémenmendey| 204. in
frame #n are contained in the sixth pixel through the seventeenth pixel

fromthe left Theffam@® #hdch is setanin #he tdrternde srdel lrayiskpting he
covered ‘ackground arga are the eleventh through thirteenth pixels 15 from
e left, e ohgFn eg°r] g ar are
the |eft, *AAtUSt REMBIrXet 84 bRY ohBFn3TEd CRECTHREBYRY cBOTBERR gf OUNnHS arar
t he sqgong tgrﬁugh fggétg ngels from _the ieft; In frane #n+l, the pixels
bel ongl ng“t3"Ph8" BovePd REgr olhE" aFRg 5_%gth% 791 eeht nindtotigee
seventeenthgpixelg.fromile 1gfils 809 EPE PLYCLG, PO OPUING: ates 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 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
designated pixel in frame #n, and the flag indicating the
15 area of the designated pixel in frame #n+l.
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 informétion,
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 aréa 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,



20 to the uncovered background area are the sixth through oeirghich pigyeal s
fromthe left. In the exanple shown in Fig. 22, since the foreground
conponents contained in frane #n are noved by four pixels in franme #n+l,

t he ambunt of novement v is 4. The nunmber of 25 virtual divided portions is
4 in accordance with the amunt 4 Cctober 2004 - 7 6 -- of novenent v. A
description is now given of a change in pixel .values of the pixels

bel onging to the mxed area in the frapgs- before and after a designated
frame. 5 1n Fig. 23, the pixels belonging to a covered background area in
frame #n+1l in which the background is stationary and the anount of

novemnment | n- ar.eground, i 4 are the fifteenth through seventeenth
pi xel s f rt\(;hr% ?%Oén]%e% =" TS ﬁ'lee SO IR RSt S 5 £° (@™ fteent h

i nce t
t hrough 10, seventeenth frames fromthe left in the previous frane #n
contain only background conponents and belong to the background area. The

fifteenth through seventeant eeii)f?ii/ﬁga%&%p 508 ¥ehiohiotEAD® #0- L, which s

one before frane .#n, contalin on ground conponents Snd bel ong to the

15 backgrauntnanin: ool Re e ALk Coe sl N0 e Baglground 1

stationary, the pixel value of the fifteenth pixel fromthe 'éPt in frame

#n dogs Mlacshanad g FPae maimedly valiuanafethend ifikeenth pixel #[nr—‘im. the
left in.frane #n-1. Simlarly, the 20 pixel value of the sixteenth pixel.
from t he inefihiich fun@ME1#4 indicating the uncovered background area
‘ is éet 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 ffame
#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
determininé;flag—storing frame memory 204.
- When the area specifying unit 103 starts to determine
the areas of one fréme, fhe flag indicating the uncovered
20 ' background 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



does not change fromthe pixel value of the sixteenth pigebckpgm-t hggheft
in frame #n-1, and the pixel value of the seventeenth pixel fromthe |eft
in frame #n does not change fromthe pixel value of the seventeenth pixel
fromthe left 25 in frame #n-1. 4 October 2004 - 77 That is, the pixels
in frame #n and franme #n-1 corresponding to the pixels belonglng to the
covered background area in frane #n+l consist of only background
conponents, and the pixel val ues theregf do not change. 5 Accordingly, the
absol ute value of the difference betmeen ‘the pixel values is alnmost O.
Thus, the stationary/noving determnation made for the pixels in frame #n
and frane #n-1 corresponding to the pixels belonging to the covered
backgr ounfirameamemofyafg4#nit whitchetbeafilogalydivatnggléhdetscairarag
portion 202-1 is "stationary". Since the pixels belonging to the covered
backgr ounBackgeaund aramei#nseteontain foreground conponents, the pixel
val ues thereof - are different fromthose of franme #n consisting of only
background conpdfet®e? IRFRFAMNY, PRl s 3 htdemaryghorhg: detas ni nation
made for thﬁ' pi xels belonging to the m xed area_ in frame #n+l and the
correspondf QCﬁF%EEStFﬁ PPEHRIHAT B9 VH%nsFafiéﬁa%9¢h6§thg #eeer m ni ng

i 202-2 is en the stati ving determ nation result

t
'ggrihg?caPPﬁaveﬁﬁgrﬁﬁmﬂgFgug piF?%dOFrﬁnFinarg?gDFﬁﬁéP9/F59|ﬁ@veﬁ%@ernln|ng

‘poﬂtlon 28ac%groundmgggatgg g 9&5 gaggénvxlgge correSpondlng 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
;ndicating the stationary area, and the flag indicating the
moving area are set.

An exémple of the processing performed by the area

15 specifying unit 103 is describe& 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 fraﬁe. As shown in

20 Fig. 21, the image corresponding to the cbject located at
the position indicated by Yn({x,y) in frame #n is positioned
at ¥n+l(x,y) in frame #n+l1, which is subsequent to frame #n.

a model obtained by expanding in the time direction thé

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

25 moving direction of the image corresponding to the



determ nation result indicating "stationary" is supplieds b@@yRe 2004
stationary/ noving determ ning portion 202-1, as discussed above, the area
determ ning portion 203 determ nes 25 that the correspondi ng pi xel s of
frame #n+l belong to a 4 October 2004 78 covered background area. in Fig.
24, in frame #n-1 in which the background is stationary and the anmount of"
movenment v in the foreground is 4, the pixels contained in an uncovered
background area are 5 the second throug fourth pixels fromthe left. Since
the anount of novenent v is 4, the second through fourth pixels fromthe
left in the subsequent frame #n contain-only background conponents and

bel ong to the background area. franme #n+l, which is subsequent to frane
#n, the sBoawkdithd ot ficurdHows Xel Fifg.0M2 he Raaf texconilad n iohlthe
background conponents and belong to the background area. Since the object
cor r esponreiigna ol i v tiaok griodiek iisnacst atdmoreaponding pixetheval ue of the
second pixel fromthe left in frame #n+l does not change fromthe pixel

val ue of fFrefowst ol gsitxels fragmaciedlefwltn Tesact o Sihd |sadgent he

-pi Xel value of the third pixel fromthe left in frame #n+l does not change
from t he iscaodad st tife Rilgr Epibéela Mastal htgierad by fexmndimg and t he
‘pi xel _value of the fourth pixel fromthe left in frame #n+l does not

changg fridh iR Bgidddiectdidre e tHesoralings i theomiirda eft in frame
#n. That jis, th i xel.s ing}@%g% #n ,'admec{ frame #n+l corresponding to the
pi xel s bél Eﬁﬁft tthe i y—si
In Fig. 22, the line in frame #n is equél‘to the line
in frame #n+1.
The foreground components corresponding to the object
10 confained 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 throﬁgh thirteenth pixels
157 frbm 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 ére:the fifteenth through
seventeenth pixels ﬁrom the left, and the pi#els 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



background area in franme #n-1 consist of only background4 cesperentsodand
the pixel values thereof do not change. 25 Accordingly, the absol ute val ue .
of - the di fference between 4 Cctober 2004 79 the pixel values is al nost O.
Thus, the stationary/noving determ nation nade for the pixels in franme in
and frame #n+l corresponding to the pixels belonging to the uncovered
background area in frane in by the stationary/noving 5 detefm ning portion
202-2 is "stationary". Since the pixqjs“$qjonging to the uncovered
background area in franme #n--1 contain Toreground conponents, the pixel

val ues thereof are different fromthose of frame #n consisting of only
background conponents. Accordingly, the 10 stationary/noving determ nation
made for PlHempveakst Bel onging to the nmixed area in frane #n-1 and the
correspondi ng gixels in frame in by the stationary/noving determ ning
portion 202-1 #sdeapyimgion hamewegtven i ofiar y¢hdviaglnabisred nagiwes resul t
15 indicating "nmoving" is supplied fromthe stationary/ noving determ ning
portion 203%- theaRdxghenbehengiag sRatyendirag 2desein haei Gnamesul t
indicating "stationary” is supplied framthe stationary/ noving determ ning
portion 28955Fea§nddP%Eﬁ§s@dd35698?tﬁﬁefé?@ﬁ-deternining portion 203

incovet ed backlh dLHer & ba. Uit gPLosLs | BRlonaiis torbr YRTdn condi ti ons
made by  B8xk3LERAPEELLYLATLUANE 4031 YNODnL0R ERLOLOLRGLLONTESUI
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
Vcdntain only background components and belong to the
background atea. The fifteenth through 56venteenth'pixels
from the left in frame #n-1, which is one before frame #n,
contain only background components and belong to the.
15 Dbackground area.

Since the object corresponding to the background is
stationary, the pixel -value 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 #h.
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 cﬁanée
from the pixel value of the seventeenth pixel from the leftr

25 in frame #n-1.



for the pixel in frame #n-1 |located at the sane inmage 25 4pogichber 2% 0a

pi xel in frame #n+l to be processed and for 4 Cctober 2004 - 80 the pixel
in frame #n | ocated at the sane position as the pixel in frame #n+l is
stationary, and when the determnation result for the pixel in frame #n+l
and the pixel in franme #n |ocated at the same inage position as the 5

pi xel in frame ##n+l is noving, the area specifying unit 103 determ nes
that the pixel in frame #n+1 bel ongs-t g7a-covered background area. When
the determ nation result for the pixel in frane #n and the pixel in frame
#n-1 |l ocated at the sane inmage 10 position as the pixel in frame #n is

tati , ' det l nat i | t_f t h i xel in f #
Ind the bl xel ey T D0 e A | TR DSt on a5 e
nd_the frme m e | position as !
Phat the G aarn e d e 2 e IF SEEEORES o) Pl dered “men the
det erm nald afyreisid ta &l {heePle! pd [y TEQE 0 o AL NS BIXEAL iy frame #n- 1

| ocated at the same image position as the pixe 'S Trovi ng, and

when tfmacdﬁﬁdﬁéﬁﬁgﬂiéﬁhrgﬁgﬂﬁiiéj_ggfhégx@ﬁeﬁébfr@gﬁﬁip(Q%%%%$§ pi xel 20

in frame #n+1 |l ocated at the same inage position as : in frame #n
i s MO8 Ncddwiaigs; Spatd fakde wnd tvd0k sletend desrd hated ﬂ*@@i in frame
[ or t

#n belongs to the noving area. Wien the determination result he pi xel
in frame 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 détermining portion 202-1 is "stationary".
Sincé the pixels belonging to the covered background
area in fraﬁe #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+l and the
corresponding pixels in frame #n by the statiénary/moving
determining portion 202-2 is “ﬁoving“.
When the stationary/moving determination result
20 ~'indicating "moving" is supplied from the stationary/moving
determinipg portioﬁ 202-2, and when the stationary/moving
determination result indicating "étationary" is .supplied
from the stationary/moﬁing détermining portion 202—1, as
discussed above, the area determining portion 203 determines

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



25 #n-1 and the pixel in frame #n |l ocated at the sane i magec4obet-obens2004
- 81 position as the pixel in franme #n-1 i s noving, and when the .
determ nation result for the pixel in franme #n |ocated at the sane inmge
position as the pixel in frame #n-1 and the pixel in frame #n+l |ocated at
the sane inmage position as 5 the pixel in frame #n-1 is stationary, the
area specifying wunit 103 determi nes that the pixel in frame #n-1 bel ongs
to an uncovered background area. As di_scussed above, the area specifying
unit 103 specifies the foreground ared,” 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
speci f yi ngowvegefdobegkguodndr eagat he background area, the covered
background area, and the wuncovered background area for one frane. 15 Fig.
26 illustratesIanfésanpte bf fhamaria-l dot evimiciat tlon basuitowbt aisned by t he
area specifying unit 103. In the input image corresponding to the result
shown i nSERFLOPETYt REdf ShegrBandtobfedovergenbvi ngnf then fheeyedtndoist he
right in the drawing. 20 It is seen that the covered background area is
observed %ntPRePdiFéet FORtRANRAI R EReUREPEgrBdnBackyterndsaneyiaye (right
si de Fig. 26), and the uncovered background area_ is observed in the

di rect ontgﬁp5§F988t5hFHEgBiﬁ@EFFBonﬁelﬁthﬂmtE%efb?ﬁbrou%Hn%%jb@@ i's

T 19 () Epurt 8 Ohobbflent®lr 1357 fhe el Snd e RCAER Fotr &Y plasPe 2! "

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 backgréund
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+l
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+l 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
éorreSponding 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



4 Cctober 2004 - 82 portion of the foreground object ingthecdeker Bigpnati on
result shown in Fig. 26. Since the foreground object is noving to the
right in Fig. 27, it is seen in Fig. 27 that the covered background 5
area indicated by.Ain Fig. 27 is positioned at the right side of the
foreground area indicated by Bin Fig. 27, and the uncovered background
area indicated by Cin Fig. 27 is positioned at the left side of the
foreground area. In Fig. 27, Dindicaygs_the background area. 10 The area
speci fying processing perforned by the area specifying unit 103 is

descri bed below with reference to the flowharts of Figs. 28 and 29. In
step 5201, the frame nenory 201 obtains an imge of frame #n-1, which is
to be dét R ERGHS e sind . Bhusy sthg 3202 onany /moving
stationary/ noving determ ning portion .20271 determ nes whether the

det er mi n&tSSHHERHICT Flrdhd it Riksisand #fameydd onel givegle ifmtlr ane #n
| ocated at:-the §%fne position.is stationary. If it is determ ned that the

det er mi nat TGt FERAT %S SHASES PO S oG ddSovsred step S203 in
which th i Qnay y/ movi.ng determinin ortion . 202-2 determ nes whet her
the det e(r%r% n J:loglﬁ%rr &St For RE q‘%’i fé’lgtjl?"r? ﬁtﬁ}éoﬁﬁréﬁ{&wtvﬁé‘gpi xel in frame
#n+1l Loc . a8 po i on.s . ,stati.onary., If it is determned in
step %20 ?%ﬁ?ﬁfﬁgﬁﬁé?%rnfﬁa?pkkg rgg%ﬁﬁppg?xihe pi xel in frame #n and
the pixel in Eiape #AE1p4x%50BEE A%y to the uncovered background

area in frame fin~1 contain foreground components, the pi#el
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 staﬁionéry/moving determining portion 202-2, as
discussed above, the area determining portion 203 determines
20 that the corresponding pikels 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



- 83 located at the sane position is stationary, the prQcessocHI008ds to
step 5204. In step 5204, the area determning portion 203 sets 1100", _
whi ch indicates that the pixel to be processed belongs to the stationary
area, in the 5 correspondi ng address of frane #n stored in the determ ning-
flag-storing frame nenory 204. The process then proceeds to step 5205. If
it is determned in step S202 that the determnation result for the pixel
in frame #n-1 and the pixel in frane_#% 10 located at the sane position is
nmoving, or if it i.s determined in step §203 that the determ nation result
for the pixel in frame #n and the pixel in frame #n+l |ocated at the sane
position is noving, the pixel to be processed does not belong to a
stationar9haréh$e%cé@rﬂr@@¢y#nth@045€®r@teshéngamé stept 5048 stiski pped,
and the process proceeds to step S205. In step 5205, the stationary/ noving
det er nmi ni AgEpbr i1 ofrane2#nt Het er s aebonhEY hednd heheetrari nation result for
the pixel in frane #n--1 and the pixel in frane #n |ocated at the 20 sane
posi ti on FEEHBBIRYELPR ¥?5W%td@@%rg¥%eﬂl¥%htl@h%ra@%t%WTﬁrﬁnddﬁmﬁesult is
novi ng, the % ocesgiggoc eds to step .S206 in which the stationary/ noving
r %_

det er ni ni Ag*portto B R et Whet Fme t HRr R R4 el G+F rdul t for
t he p%xel i&n franPr#n a€d Lhe pixel in fﬂane #n+l | ocated at the sanme 25
posi t i"on PEFbVIRg T ot bbbl 20MATinGgy the area specifying unit 103

determines_that the pixel in frame #n+l belongs to a covered
hackground area. |

When the determination result for the pixel in frame.#ﬁ
and the pixel in frame #n-1 iocated 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
?ixel in frame #n+1l 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 és the pixel in fréme #n is moving, and when the

‘ deterﬁination result for the pixei in frame #n and the pixel

20 in frame #n+l located at the same image position as the

'pixél in frame #n is moving, the area specifying unit 103
determines that the pixel‘in framé #n belongs to £he moving
area.:

When the determination result for the pixel in frame

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



If it is determined in step S206 that the determ nation g egdnd0nddae

pi xel in frame #n and the pixel in frame #n+l |ocated at the sane position
is noving, the process proceeds to step 5207. In step S207, the area
determ ning portion 5 203 determ nes based on the flag of frame #n stored
in the determning-flag-storing frame nmenory 204 whet her the

correspondi ng pi xel has already been determned to be' the wuncovered
background area. If it is found that_the _corresponding pixel has not been
determ ned to be the 10 uncovered background area, the process proceeds to
step $208. In step S208, the area determning portion 203 sets "11",

i ndicating that the pixel belongs to the noving area, in the :
corresporﬂﬂﬁ?gtléaﬂraeﬁssﬂkﬁ Ffiptgrde ¥n fineng dmed ii§ mewing, and when the

det er m ni ngqfla,g storing frame nenory 204. The process then 15 proceeds to
step S20$ 95Nt e tESilted 9%n té"tee;’é’lS‘?é‘Sltnh frafife fletlOCRitest ifdn  resul t
for the pixel in frame #n-1 and the pixel in frane #n |ocated at the sane
posi ti ongcl S2MS oadR p(?rsﬁtfloi“t al & Sdisted ™ A ramep #82d6 anchahet he

determntlorlres ane #n and the pixel in frame

t
#n+l | oc @H?a:#élag Oﬁa di ?tsq%‘[elr gﬁﬁ'ley 1M5P8 PORIYIOENESi n st ep
5207 | h | det be th
uncovere?%a q&‘%@ﬁﬁ?%&%ﬁl IR Ty ite PR #%%%28§%aﬁ%$e§g%é’r’ré‘gt oa
h f .25 20 Ki d, d
rou 0 Sga Aepoisioges areygtodsssy .ol 25 cLaR 08 haytianed and
stat i onary GG L8l kB RGHROLY AN

As discussed above, the area specifying unit 103
specifies the fOregrouﬁd 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.

i5 Fig. 26 illustrates an example of the area
determination result obtained by the aréa Specifying unit
103. 1In the input image-corresponding to the result shbwn
in Fig. 26; the foreground object is moving from the left to
the right in the drawing.

20 It 1s seen that the covered background area is observed
in the direction in which the foreground object is moviﬁg
{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



202-1 determ nes whether the determnation result for tha oRive®er Bofguanme
#n-1 and the pixel in frame #n at the sanme position is noving is
stationary. If it is determned that 5 the determnation result is
stationary, the process proceeds to step 5210. In step 5210, the
stationary/ noving determning portion 202-2 determ nes whether the
determnation result for the pixel in frame #n and the pixel for frane
#n+l at the sane position is noving. _1Q,If it is determned in step 5210
that the determnation result for the pixel in frame #n and the pixel in
frame #n+l at the sanme position is noving, the process proceeds to step
5211. In ste£_5211, the area determ ning portion 203 sets "10", indicating
t hat the BP%eloBePéngBet forpgrewner el a¢st biwkreoudetareimation eesult
correspondj ng address in frame #n+1 stored in the determ ning-flag-storing
frame mendP9¥204" BHA- €He process then proceeds to step 5212, If it is
determned in step 5209 that the determnation result for the pixel in
frame #n-1 and‘sztrh‘ge piBel FqnpgRonRe Al enf |ise Mednst theheams gidsiimi on i s
noving, og.if it is determ ned in step 5210 that the pixel in frane #n and
the pixel“%n %%anﬁt#hils?%%ai%dﬁﬁg'tﬁ% Tk PRRiTIWIFeS Patkaiamdy, the

Do A b SOTE RSk PRy Lir e et s s
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deter”ina{ﬁ@”uﬁ@@+%fe&(Eaéﬁﬁiound area indicated by C in Fig. 27 is
positioned at the left side of the foreground area. In Fig.
27, D indicates the background afea;

10 The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flbwcharts of Figs. 28'and 29. 1In step S$201, the frame
memory 201 obtaihs-an image of framé #n-1, which is to be

L determined, through frame #n+1; | |

15 In step 5202, the stationary/moving determining portion
202-1 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #i located ak-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+1 located at the
same position is stationary.

If it is determined in step 5203 that the determination

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



pixel in frame #n-1 and the pixel in frame #n |ocated at g4 hg.+o3%e RS tion
is moving. If it is determined in step 5212 5 that the determ nation result
is noving, the process proceeds to step 5213 in which the

stationary/ noving determ ning portion 202-2 determ nes whether the
determination result for the pixel in franme #n and the pixel in frame #n+l
| ocated at the sanme position is stationary. 10 If it is deternined in step
S213 that the determnation .result_fgs the pixel in frame #n and the

pi xel in frame #n+l |ocated at the sane position is stationary, the
process proceeds to step S214. In step S214, the area determining portion

203 sets "01"E }é\/ni cq i ndi cates that the pixel, to be 15 processed belongs to
an uncoversd oulfd 34 P R Sordeisiding ddw eEossS rane #n--1

o oceeds i ey S B S0 2T Gl i 7y GG o datainindng o
det er m nat4 syl t for, the .pixel j.n fra #n-1 .and the pixel in
frame #n%cirga(-:iaotne?bg{ esteﬁ!eS se??r)re ’p(‘quf‘tclhonlnl & CANES o r{y]{:h@r RISl tog be

det er m ngg.-dd tLp b%é]%:ﬁlgtsh'ego the %ec%ecrirgn%%y (r%r%,erae’;s%lt Fsc;‘h%;l the pixel in

franme #n-and the pi n frame #n+1 TS nmovi ng in frame #n-1

does got ARG I r.e 0 r ordi.nal .the
processi ng of st egll%l 1%@?%&%50%5%5%%%‘(%rHS%r{qﬁ%dg%np?g%, d%r?_%%frﬁgl&gocess

proceeds 1@ BisR rSALP £ rhheS ko391 2.0 41 he T8le 3 - BREGIS YirHAG, YLt o
determ nes whether the areas of "all the pixels are specified” It it is
step S5205.
If it is determined in step 5202 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
_lO located at the same position is moving, or if it is
detefmined 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 $205.
In step 5205, the staticnary/moving determining‘portion
262—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
8206 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.



determ ned that the areas of all the pixels are not yet 3 gpeesikiedgohe
process returns to step S202, and the area specifying processing is
repeated for the remaining pixels. |If it is determned in step S215 that
the areas of all the pixels are specified, the process proceeds to step
$216. |In step S216, the determining-flag-storing frame nmenory 204 10
outputs the flag of frane #n+l indicating the foreground area, the
background area, the covered backgrogn%&agea,'or t he uncovered background
area-as area information. In step S217, the determ ning-flag-storing frane
menory 204 shifts the flag of frame #n to frame #n+1l. 15 In step S218, the
deternining-flgg-stoyiqg frame-nmenory 204 shifts the flag of frame #n-1 to
frame #n. |In steplB2iD detrrmigied nimisipld SR G tdvding He atwt ererdmay.i on204
initializes frame #n--1, and the process is conpleted. As discussed above,
the area Sp8BttyfAg thrtP198liin Dpapephn| @ndfthereizel g aiwend Mrorlmt i on
indicating to which of the novinpg area, the stationary area, the uncovered
backgr ound®G7E8d BF the E¥verkesSbhERyrbUNECEIES. bt RioGerRs mrioaseds

ogi cal ok 8 E0sS T ar L8 ¥ hrer vt ontee: 6 AHF L 1 URRISTOr el 4
(o Uhe covtr 23 RABAP BN oY oih o sF 199 Goner e dPb Caamormtitn
o Pongl B LB FLAEC B i ATy BT, G 0T o
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 té step 5208.
In step S208, the area determining portion 203 sets
“11", indicating that the pixzel belongs to the moving area,
Ain the corresponding address of frame #n in stored in the
determining-flag-storing frame memory 204. The process then ‘
15 proceeds to step S$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 aﬁ the same position is stationary, or if it is
determined in step $206 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 étep's207
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 5208 is skipped, and the process proceeds to step $209.



5 which of the noving area, the stationary area, or the ni xedoraread giphe

i ndi vidual pixels contained in the frame belong. Wen the object
corresponding to the foreground has a texture, the area specifying unit 103
is able to specify the noving area nore precisely. 10 The area specifying
~unit 103 is able to output the area information indicating the noving area
as the area information indicating the foreground area, and outputs the
area information indicating the statio ary area as the area information
i‘ndi cati ng the background area. 15 As di scussed above, the area specifying
unit 103 is capable of generating area information indicating to which of
the noving area., the stationary area,-the uncovered background area, or
the covered bagk§teundZaPeatkachtetirharypmeeingcdetairnéding potitane

bel ongs. _The area specifying 20 unit 103 is able to generate area

i nf or mat i%3H Wi e teriaest Miethedndine Rersmprididden maguldo fior ghs ock
diagram il lustrati an exanple of the configuration of the m xture-ratio
cal cul at &t 4.lnAr’{’]:%§‘§t ifRatle PG TG &3&li d-pr o 401 8 S@Met es an 25
estimated m.xt.ure.ratio.for .each pi.xel by calcuylating a 4 Qctober 2004 - 89
model of F&5 é@@?e&ébEQW&ngﬂ@ SrEE1O8EEY -on e futatedgd.nedadaduppl i es
por ti on_ 458 Skt SH T ee HE IR S Pa s Brbeadsor Ho P-oqeas SEESRHS &
estimat eq grildly @on@t 1 0 1f00 +23CRRIpX el GAGYAY MR ing
determining portion 202-2 detéfmines whether the
determination result for the pixel in frame #n and the pi%el
for frame #nt+l at the same position is moving.
_ 10 If it is dete;mined in step $210 that the determination
| result for the pixel in frame #n and the pixel in frame #n+1
at the same position is moving, the pfocess proceeds to step
5211. In 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 determihing—flag—sﬁbring frame memory 204, and
the process then proceeds to step S212.
If it is determined in step S209 that the determination
result for the pixgl in frame #n-1 and the pixel in frame #n
'.20 10Catéd at the same position is mowving, or if it is |
determined in step $210 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 S$211 is skipped, and the process proceeds to step $212.



nodel of an uncovered background area based on the input 4 ioe®eraldos
supplies the calculated estinmated m xture ratio to the mxture-ratio
determ ning portion 403. Since it can be assuned that the object
corresponding 10 to the foreground is noving with constant velocity within
the shutter tinme, the mxture ratio a of the pixels belonging to a m xed
area exhibits the following characteristics. That is, the mxture ratio a
linearly changes according to the pQ§%ﬁ£Qﬂa| change in the pixels. 15 If
the positional change in the pixels is one-dinensional, a change in the
m xture ratio a can be represented linearly. |If the positional change-in
the pixels is two-dinensional, a change in the mxture ratio a can be
represent ed ontB pFameS2El ncehe hetpeidwary Ghovirg fdenernsn shmrgqritorcan be
20 assuned that the object corresponding to the foreground is a rigid body
novi ng wi £R2cdnSEARE™FBESChgthTRethradPERrmbRathenntrsutd faridha is
i nversely .g%gportional to the anpunt of povenent v within the shutter
time of tR&*Fdrefr SLABE 35-An2BlakBrePérelneni feanenirt bpeatedi atathe shown
in Fig. 4SCbtobgr. 004 - 90 31. The_gradient 1 of the ideal mxture ratio
a in the SH"KeH8r-E3°BanSpBOVERFesehfedithySt HetREREREEcAr BFePhB21Anpunt of
novenent ho in Fig, .31, the. jdeal mxture ratio a has the 5 value
of 1 in tﬁga@28§8r@%EarE%ESFl?ﬂer$§Pbt of BOYhn?hetﬂ?oPE%?%ﬁﬁd area, and
the Ya'uepQECQESQt%B EQQB Q2f§di§nghkgﬂ 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 statioﬁary.

10 If it is determined in step $213 that the determinatioﬁ
.result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is statiomary, the process
proceeds to step S214. 1In step S214, the area determining
portion 203 sets "01", which indicates that the pixel to be

15 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 S212 that the determination
.20 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

25 background area. Accordingly, the processing of step S214



than 1 in the mxed area. In the exanple shown in Fig. 33, ddtepRiXeloval ue
C06 of the seventh pixel fromthe left in frane #n can be indicated 10 by
equation (4) by using the pixel value P06 of the seventh pixel fromthe
left in franme #n-1. C06, = B06 / v + BO6 / v + FO1 / v + FO2 / v = P06 / v
+ PO6 / v+ FO1/ v + FO2 / v 2 = 2/v-PO6+YFi/v i=1 (4) In equation (4),
the pixel value C06 is indicated by a pixel value Mof the pixel in the

m xed area, while the 15 pixel value PQ6 is indicated by a pixel value B of
the pixel in the background area. That'is, the pixel value Mof the pixel
in the m xed area and the pixel value B of the pixel in the background

area can be represented by equations (5 and (6), respectively. 20 M= C06
(5) B =roek@rad apdtiton g7)ces \prereedporasstep tIRL 50 xture ratio a.
Since the anpbunt of nmovenment v is 4, the mxture ratio a of 4 Cctober 2004
-- 91 the se¥@nhepi BEIL 5, r dipet v& deefspeod Twidge upd ti 408, Setasmdnssussed
above, the pixel value Cin the designated frane #n is considered as the

pi xel val'iher Hdsriskaparda, 2l wfite rieels xote vaRepi fest. f ridheityri-sl prior

to frane(fgkééﬁined that the areas of all the pi
\ pixels are not yet
5‘ specified, the process returns to step 5252, and the area
specifying processing is repeated for the remaining pixels.
If it is determined in step S215 that the areas of all
the bixe;s are specified, the précess proceeds to step 82i6.
In step S216, the détermining—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 85217, the determining-~flag-storing frame memory
204 shifts the flag of frame #n to frame #n+l.
i5 in step 5218, 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, thé 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



considered as the pixel value in the background area. AQC@ddMyY 2004
equation (3) indicating the mxture rati-o a can be represented by equation .
(7): Ca P+ (7) where f in equation (7) indicates the sumof the
foreground 10 conponents EiFi/v contained in the designated pixel. The

vari abl es contained in equation (7) are two factors, i.e., the mxture
ratio a and the sumf of the foreground conponents. Simlarly, a nodel
obtai ned by expanding in the time 15 digection the pixel values in which

t he anpbunt of novenent is 4 and the nunber 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, thebgickgromdyareafnchdhe@rgesiigiarad tioansotweispondisigdéped as t he
pi xel value in the m xed area, while the pixel value N of frame #n+1
subsequenfh€ GRS PROKGrogRs) d&red S§s ashEohgergroted aaeea. Accordingly,
equati on 93) indicating the mxture ratio a can be represented by equation
(8). 25 CiBERT®aGien §)9-’r$e®EP&SéP92(§94th? gizedrRgeanheadnshenhasybeen '
described__assu 'ng t hat, the b%ck%round_ob}ect i.s _stationary. However,
equat i ons SCAT T4 AR LB OCHA tHE aFRPEd 8% RE L486Si Anghrakingeto

baCkgr§uth9%he%% E%e”%%bqggb%r%%in%h%h%tgkégka¥%lg%egt %r the mixed
area the iﬁdividual pixels confained in the frame belong.
When the object corrésponding to the foreground has a

'texture, the area specifying unit 103 is able to specify £he
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 indicatiﬁg 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 étationary area,- the uncovered
background area,IOr the covered backgrdund area each of the
pixels contained in a frame belongs. The area specifying

 20 unit 103 is able to genefate area information with a

| rélatively 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



S5 pixel located corresponding to the anmount of novenent vy @f-: 48 2004
background. It is now assuned, for exanple, in Fig. 32 that t he anount of
novenent v of the object corresponding to the background is 2, and the
nunber of virtual divided portions is 2. In this case, when t he obj ect
corresponding 10 to the background is noving to the right in Fig. 32, the
pi xel value B of the pixel in the background area in equation (6) is
represented by a pixel value P04. Sincggequations (7) and (8) each contain
two variables, the mxture ratio a cannot be determ ned w thout nodifying
15 the equations. Cenerally, an inage has a strong spatial correlation, and

accordin i Is Iocat n_.cl ose . proxi th each ot her have al npbst
t he saneq%%(xe (%(/jgl ues verﬁcﬂcpeact}?‘%r?%}% (rlgac%?f%n nthe nRRY ta i9pRgs al | y
strong ¢ I tion.is at_the sun1f of 20 the
f oregr ou(r)IJ de arirl*ﬁiopplep’*Lnetésm::?hlaen aalcdlec?tcee%l e‘L-h‘EC§ ni“brL?s Qe duent frane,
t hereb t 1 i xel value Mc of the

y Ciﬁﬂd?é”z‘l& d1 et %tsdzﬁ::l_)&n 4@"33 P

seventh pixel fromt 34 can be expressed by

equation (9). a# %%tNEateBQﬁlitﬁrELrétio(?koc%fso& ﬂOEtEggguésggg % 93 The

first term2/v of the right side in equation corr espon

M Xt USe reatt ionepeedl e :HQGQNG: 8IINQfr then Highis %yd%é Lﬁ%‘ﬁﬁ-{qﬂ% (9) can be

expressed by equation (10) by utilizing the pixél € subsequent
frame #ntlodel of an uncovered background area based on the input

image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining pértion 403.
Since it can be assumed that the.objeét corresponding
10 to the foreground is moving with constant velocity within
the shutfer time, the mixtﬁre ratio & of the pixels
belonging to a mixed area exhibits the following
characteristics. That is, the mixture ratio « linearly
changes according to the positional change in the pixels.
15 If the positional change in the.pixels is one—dimensiohal, a
change in the mixtureAratio 0. can be represented linearly.
If the positional change in the pixels is tWo—diménsional, a
change in the mixture ratio ¢ 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 @ is inversely
proportional to the amount of movement v within thé shutter
time of the foreground.

25 An example of the ideal mixture ratio O is shown in Fig.



12 10 5 ZFi [/ v j3 jF [/ v (10) It is now assuned that equaid@matldhohol ds
true by wutilizing the spatial correlation of the foreground conponent.’
F=F05=F06=FO7=FO8=FM=F10=FI | =F12 (11) 10 Equation (10) can be nodified
into equation (12) by utilizing equation (11). 12 2 jF /v =i=11v 4, F -
v (12) As a result, (3 can be expressed by equation (13). ="2/4 (13) 15 If
it is assumed that the foreground conponents in the mixed area are equal,
as indicated by equation (11), equatigp (14) can hold true for all the

pi xels in the m xed area because of the internal ratio 1-(X (14) 20 If
equation (14) holds true, equation (7) can be developed into equation

(15)_ 4 Cbtober 2004 - 94 C=a - P+ f Y+v-1
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 « has.the
'5 value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the ﬁixed area.
In the example shown iﬁ Fig. 32, the pixel value C06.of
the seventh pixel from the ieft in frame #n can be indicated
10 by equation (4) by using the pixel value P06 6f the seventh

pixel from the left in frame #n-1
C06 = B06 /v +BO6 /v +F01l/ v +F02 /v
= P06/ v+P06/v+F0LlL/v+F02/v (4)

. 2
=2/v P06+ D, Fi/ v

i=1
In eqﬁation (4), the pixel value C06 is indicated 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. Thaf is, Ehe pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area can be représented by equations (5)
and (6), respectively. |
20 M = CO06 (55
B = P06 (6)
In equation (4), 2/v corresponds to the mixture ratio «.

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



a P+(1-a) 1Fi/v (15) i=Y a P+(1l-a) NSimlarly, if equad@ppeld)onal ds
tue, equation (8) can be developed into equation (16). C=a N+ f Y+v-1

aN+(1-a) VY, Fi/v 1=Y = aN+(1-a)P (16) 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 mxture ratio a. The relationship
anong C, N, and P in equations (15) and (16) is shown in Fig. 35. C is
t he pi xel value of the designated pixelolin frame #n for 10 which the

m xture ratio a is calculated. Nis the pixel value of the pixel in frame
#n+l | ocated at the position spatially corresponding to the dgsignaLed

I xel. P t he e u n_frame, #n-1 |ocated-at the
BOSItIOﬂ E%%t.aVFﬁkéo %é%%o% £F8 ?ﬁggdéglaﬁﬁwgd#ﬂliﬁlb %5 Accordingly,

since one varigbl e, ls gg(iqhggg% J%g 1é£l at|8ns (%$%t %F% 9%%gqthe

m xture ratio a is ca CU ate I|Z|ng eplxes ranes.

The condi tigpe @Hr1§0%¥t99dé9%dcgﬁrgﬁé XLUre.iaki onachy gelyhng eguations

(15) and (16) is as e | na Jec aV|ng

f or egr oungn ¢ QEPEAENES bR LhELE] zfegfafféme #h-1 pRibRerol E@gﬁeolﬂ?he% of the
foreground which is captured when t

5 considered as the pixel value in the background area.

I = 1

Accordingly, equation (3) indicating the mixture ratio a can
be represented by equation (7):
C = o » P+f . (7)
where f in equation (7) indicates the sum of the foreground
10 components X;Fi/v contained in the designated pixel. The
variables contained in equation (7)'are two factors, i.e.,
the mixture ratio o and the sum £ 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 ¢ 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 o can
be represented by equation (8}.

25 C = o e N+f (8)



4 Cctober 2004 9 5 - foreground object is stationary, tha pcteberabgeg of
the consecutive pixels positioned at the boundary of the inmge object
corresponding to the noving direction of the foreground abject, the nunber
of pixels being two tines the 5 anount of novenent v, nust be constant. As
di scussed above, the mixture ratio a of the pixels . belonging to the
covered background area is cal cul ated by equation (17)., and the m xture
ratio a of the pixels 10be|onging.to_1?§ uncover ed background area is
cal cul ated by equation (18). a =(GN 7 (P-N(17) a =(C-P) / (N-P)(18)
Fig. 36 is a block diagramillustrating the configuration of the
estimated-m xture-rati o processor 401. .15 A frane nenory 421 stores an
i nput i mage i nThqecnppdinedt Hamnpesn ek suidpd e gshmifnandasubdequent to
the frame_which is input as the input inmage to a frame nenory 422 and a
mi xt ur e- r RBFEIEQHRYI aPBECR23s AtpEapRaRERDrHOUDPeE: cr@Eabonnp(d) i mage in
the units __20 of frames, and supplies the frame subsequent to the frame
suppl i ed FPERTERe (Br afidrnbfofpra2edt 5ot Hee nFasarke rdeieh e cul ator 423.
Accor di ng when frame #n+| is ipput into the m xture- ratio cal cul ator

b P oritagt e

423 as t he*FfighPuRHagR) eChet f r BAEIREnDY yus BBI 4Me Rigft} 2 kvamt #h to the
niXtu%ﬁ-r8££8lcﬁggg g O£o§§§$p§h§§£8b§£ Og4émount of movement v of
the background; It is now assumed, for example, in Fig. 32
that the amount of movement v of‘thé object dorresponding to
the background is Z, énd the number of virtual divided a
portions is 2. 1In this case, when the object corresponding
10 to the background is moving to the riéht in Fig. 32, the
pixel value B of the pixel in the background area in
equation (6) is 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
‘qdrrelation, 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 componeﬁts can be deduced from the previous
or subsequent frame, thereby determining the mixture ratio do.

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
M = —-BO6+ D, Fi/v (9)

i=13




- 96 - and the frame menory 422 supplies frame #n-1 to yhechopkyr egouatio
cal cul ator 423. The m xture-ratio cal cul ator 423 cal cul ates the estimated
m xture ratio of the designated pixel by solving 5 equation (17) based on
t he pixel value C of the designated pixel in frame #n, the pixel #n+l
| ocated at the position of the designated pixel, and #n-1 |located at the
position 10 of the designated pixel, estimated mxture ratio. and value N
of the pixel in frame corresponding-tgzthe position the pixel value P of
the pixel corresponding to the position outputs the calculated For
exanpl e, when the background is stati.onary, the m xture-ratio cal cul ator
423 cal cul at e'ﬁ, t he e%ti mat e% n’ixturg ratio of the. designated pixel based
on the pixel "08I G&TE ot Re2d¥s Ponki8dTpoRE SiAS LAnea#ALtiPRe (35 pi xel
- value N e pixel in frame #n+l | ocated at .the sane position as the
desi gnat g:fé)r:)]'{]exsa%,ndgsm}ot ﬁgepir%éﬁ%qfﬁ F&B %™ t HESiSEsNc terane takhe | ocat ed

at the s hq:ossi-t'o a . desji.gnat.ed.pi xel , and outputs the cal cul at ed
esti mat e%q% Xt urlederanl o%f gg:llor]%1 t(ﬁigs cr%lnrl?ger SPRESESH Mé’&—uﬁit%f’ﬁr d4Pati o
CalCU|atQ&'utilizing the pixel value in the subsequent frame #n+1.

12 10 )

5 DFi/v=B-)Fi/v (10)
i=]] i=7
It is now assumed that.equation (11) holds true by
utilizing the spatial correlation of the foreground
‘component.
F=F05=F06=FQ07=F08=F09=F10=F11=F12 o (11)
10 Equation (10) can be modified into equation (12) by

utilizing equation (11).

12

2
-E Fi/v=—-F
i=11 v

(12)

As a result, B can be expressed by equation (13).
B=12/4 (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, eguation {7) can be

developed into equation (15).



401 cal culates the estimated m xture rati o based on the 4 spebreragensand
supplies it to the mxture-ratio determ ning portion 403. The

estimated-m xture-rati o cal cul ator 401 calculates 25 the estinated nlxture
rati o of the designated pixel by 4 Cctober 2004 -- 9 7 .solving equation

. (17). The operation of the estimated- m xture-ratio calculator 402 is
simlar to that of the estimated-m xture-ratio calculator 401,  except that
the estimted-m xture-ratio calculatog,402 calculates a 5 different
estimated m xture ratio of -the designated pixel by solving equation (18).
Thus, an explanation of the estimted-m xture-ratio calculator 402 is
omtted. Eig.03% HFfustrates an exanple of the estimated m xture ratio

cal cul ated by the estimtedsmi xture-ratio processor 10 40.1. The estimated

m xture ratlqyshoyn |ﬂ(f|gé§?§ iss,the result represepted by one |ine when
t he amount of nnven%nt v he ¥oreground obj ect ﬁngfng wi th const ant

vel ocity. |s_y% een, as shown in Fig. 31, that the estimted
m xture ratio chang s al'most linearly in the mixed area. 15 Referring back

to Fi 30, .the m.xtyre-ratio eterm.nin rtion 403 sets the m xture
‘ratlgga based "6 léﬁ Yar & EHP8 ﬁﬁ?ighgg gﬁﬁangFP8n1FH§a§§83 éﬁécffylng

unit 103, at | t. i ch the fqreground area, the background
area. , théﬁgg¥%2%! é%gld%h af% ]jBZO uncover ed background area the

pi xel forCvhi%h N Hef mixture ratio a |s to be cal cul ated bel ongs. The
m xture-ratio yrv-l
=0 -N+@Q-0- DFi/v (16)
=0-N+@—-0)-P
5 In equations (15) énd {(16), since C, N, and P are known
lpixel values, the variable contaiﬁed in eguations (15) and
{16) is only the mixture ratio @. 'The relationship among é,
N, and P in equations (15) and (16) is shown in Fig. 35. C
~is the pixel valug of the designated pixel in frame #n for

10 which the mixturé 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 ! is‘calculated
by utilizing the pixels in the three frames. The condition
for solving the cor;ect mixture ratioc @ 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



determ ning portion 403 sets the mxture ratio a to. 0 waepcttbBer 2004
correspondi ng pi xel belongs to the foreground area, and sets the m xture
ratio a.to 1 when the correspondi ng pi xel 25 belongs to the background
area. Wien the corresponding 4 October 2004 - 98 pixel belongs to the
covered background area, the m xture- ratio determ ning portion 403 sets
the mxture ratio a to the estinmated m xture ratio supplied fromthe
estinmated- mxture-ratio processor 40lgsWen the corresponding pi xel 5

bel ongs to the uncovered background area, the m xture-ratio determning
portion 403 sets the mxture ratio a to the estimated m xture ratio
supplied fromthe estinmated-m xture- ratio _processor 402. The m xture-ratio
det ermi ni ‘Tﬁﬁcﬁ%ﬁ © LD FREL IR TRk e RS Fadiesh afaghseen set
based on _ 10 the .area . jnfornmati.on. Fig: 38.is_a block dia%TanLillustrating

anot her CORITGUFALT H26H % ROSH AR il it Andarer ofodheainggieect or 441
suppl i es g .pixel ongi.hg to .the.covered backgraqund ea and the

corres por?g?]ﬁéga%icxogﬁellseslg%ntcﬁengprteov?%lues T A Gglﬁﬁag:é:d@é’ntoaffr raffes to an
estimate 1.X - 1 ah- r S n. the area information
suppl i eddr;c{goér%tﬂ{'ﬁgf gotfﬂéjg%csjcge%?]%y?l%magﬁlztoqi%sgﬁeq‘ﬁt@es}e G dtSr “AFESs Pl i es a

pier5begmgﬂdg;5f;ﬁgyaﬁg§p%ﬁrggmggqﬁgQg%&qa%rea and the corresponding

pixel's in the previous an subsequent franes fﬁ to an _ _
esti mat ed- m xhWr gikdhk9eRr 968980 tA43nRas6de0RALNE a@&@athgggiggigon
-m X

supplied fromthe area specifying unit 103. The estinmate ure-ratio
processobeAdbhfitlE Hoalt®® covered background area is calculated by
| | equation (17)., and the mixture ratio O of the pixels
belonging to the uncovered background area is calculated by
10 .equation (18). |
@ = (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 df
frames, and supplies the frame subsequent‘to the frame which
is input as the.inﬁﬁt image to a frame memory 422 and a
mixture—ratio calculator 423.
A frame memory 422 stores an input imagé in the units
20 of frames, and supplies the frame subsequent to the ﬁfame
supplied from the-frame memory 421 to the mixture-ratio
calculator 423.
Accordingly, when frame #n+l is input into the mixture—
ratio calculator 423 as the input imaée, the frame memdry

25 421 supplies frame #n to the mixture-ratio calculator 423,



the estimated mixture ratio of the designated pixel bel ongifg et B®oa
covered background area by the calculation 25 expressed in equation (17)
based on the pixel values input 4 Cctober 2004 - 99 fromthe sel ector 441,
and supplies the calculated estimated mxture ratio to a selector 444. The
estimated-m xture-rati o processor 443 calculates the estimated m xture
ratio of the designated pixel 5 belonging to the uncovered background area
by the calculation expressed in equajgﬂpﬁ(18) based on the pixel values
input fromthe selector 441, and suppli'es the calculated estinmated m xture
ratio to the selector 444. Based on the area information supplied fromthe
area 10 specifying unit 103, the selector 444 selects the estimted

m xture r&fPotheahdaget semprys4€ReshPriiee faeine #nwhehothee miestygnat ed
pixel-belon%s to the foreground area, and selects the estimated m xture
ratio 1 afd-$8t §31FuiatPRedAtxture ratio a when the designated pixel

bel ongs to the_background 15 area, Wen the designated pixel belongs to

the covered bAackgPEFNAEETEATE? Her bRt 4% st atiatashdhest i mat ed

“m xt ' lied, f t i ppt ed- m xt -rati 442 d
Sers it nBorhat bl FEcPER] beato VRbn FRoIe AT Shat ca Bk obY DEPDRGAT L0 1 ho

mture v adia el e LBl o, phetBi PRkt Carhl e of coF ath® GRoLERTGRA 443 and
oo PR TR 0 R TSRO e P P e Ll e
© #n+l located at the pdsition corresponding to the position
of the désignated-pixel, and the pixel value P of the pixél
#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 calculato? 423 calculates
the estimated mixture ratio of the designatéd 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 éalculator
401 calculates the estimated mixture ratio based on the
input image, and supplies it to the mixture-ratio
aetermining portion 403.
The estimated-mixture-ratio calculator 401 calculates

25 the estimated mixture ratio of the designated pixel by



based on the area information. 25 . As discussed above, yhecmioxkyr eghati o
cal cul ator 104 4 Cctober 2004 - 100 configured as showmn in Fig. 38 is able
to calculate the m xture ratio a for each pixel contained in the imge, and
outputs the calculated m xture ratio a. The cal cul ation processing for the
m xture ratio-ac 5 perfornmed by the m xture-ratio cal cul ator 104 configured
as shown in Fig. 30 is discussed below with reference to the -flowhart of
Fig. 39. In step S401, the m xture-raty9 _cal culator 104 obtains area
i nformation supplied fromthe area specifying unit 103. In step S402, the
estimated 10 m xture-rati o processor 401 executes the processing for
estimati %th,e m xture ratio by using a nodel corresponding to a covered
backgr ouritP BF ¥ SR S iipl §%69 1 hhss ianatiaddiomiod Jie eatigatedhe
m xture-ratio determning paortion 403., Details of the processing for
esti mati MY HE Fddur%e 9’agﬁp At % dis ULER DD WA 19T dher ence to the
flowchart_qf. Fi.g..40Q0. In step .5403,. the estinated-m xture-rati o processor
402 execeuqcelsm %ed PSS G Tt c@slﬁuﬂﬁqorfg ‘ﬂﬁe 3G thati &8y using a
nodel cor ' i tQ an uncavered backgro area, . 20 and supplies the
fsﬁn?lx ur dq—g(u{xq:urteo e S 'catqcualar%ﬁ gﬂ) etcgﬁﬁ%aﬁﬁspﬁrti on 403. In

estimte eratio e mxture

step B404;; dM8 JHX - i atar. .10 termnes whet her the mxture
rati 0s havle been e;etgl’t%atag:%dofn o(\i?JttQﬁ'Jg v&\%&léo #’rfaqn%fe I S|J'tc-mia§:e elpé'f‘r%tlngéf t hat

t he nlxtQ&ﬁming 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 éstimated
mixture ratio changes almost linearly in the mixed area.

15 Referring back to Fig. 30, the mixture-ratio
determining portion 403 sets the mixture ratic O based on
the area information supplied from the area épecifying unit
103 and indicating to which of the foreground area, the
backgroﬁnd area, the covered background érea, or the |

20 -uncovered background'area the pixel for which the mixture
ratio ® is to bé calculated belongs. The mixture-ratio
'determining portion 403 sets £he mixture ratio ® to 0 when
thelcorresponding pixel belongs to the foreground area, and
sets the mixture ratio @ to 1 when the corresponding pixel

25 belongs to the background area. When the corresponding



25 ratios have not yet been estimated for the whole frame JddiertOetieRer
2004 - 101 process returns to step S402, and the processing for
estimating the mxture ratio for the subsequent pixel is executed. If it
is determined in step S404.that the m xture 5 rati os have been estimated
for the whole frane, the process proceeds to step S405. In step S405, the
m xture-ratio determning portion 403 sets the mxture ratio based on the
area information supplied fromthe ageéssgecifying 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
m xture ratio ais to be calculated belongs. The m xture-ratio
det er m ni R§%pér PrbAnge3teethet hevarsdubackarpund &ved, whea mikeure—
correspondi ng pi xel belongs to the foreground area, and 15 sets the m xture
ratio a t52FIRhERTERBIBREBPEREPAGLPExBRTS bEheNbxtore heabhekyround ar ea.
pi xel belongs to the covered background area, the

xri?uﬁg? %E%{gg ggg%%SnWhﬁtEB?tF%HiQOSHEE%§e@h%r@%ttﬁﬁt%@thm&the ratio
supplied fromthe estimted-m xture-ratio processor 20 401 as the mixture |
ratio a URBHUFRTEbr?cBpOOPAGr phabt  BEFONERS (ePXHeRARBYET el 2k or ound
ot o7 oupat B FEE bR b TR Ao Re RREF ST oo pr bR SRR AR TR AR he
Tt SLLORinThE BEPERST I St omE UPLALEL <202 5, gryssed sbove
| estimated mixture ratio supplied from the estimated-mixture-—
ratio processor 402. The mixture-ratio determining portinn
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. AA
selector 441 supplies a pixel belonging to the covered
background area and the corresponding pixels in the previous
15 and subsequent frames toc 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 therdesignated pixel

belonging to the covered background area by the calculation

25 expressed in equation (17) based on the pixel values input



4 Cctober 2004 - 102 able to calculate the mxture rati @ betWesh2004

I ndicates a feature quantity corresponding to each pixel, based on the
area information supplied fromthe area specifying unit 103, and the input
i mage. 5 The processing for calculating the mxture ratio (X perforned ‘
by-the m xture-ratio cal culator 104 configured as shown in Fig. 38 is
simlar to that discussed with reference to the flowhart of Fig. 39, and.
an explanation thereof is thus omttegg 10 A description is now given of,
with reference to the flowhart of Fig. 40, the mxture-ratio estinmating
processi ng by using a nodel. corresponding to the covered background area
in step S402 of Fig. 39. In step S421, the m xture-ratio cal cul ator 423
obtai ns TR HhSi SRR UA L ofahth e R it idie radduiatdd art mtadom t he
frame menory 421. 1n step S422, the m xture-ratio cal cul ator 423 obtains

from t he PP TaiftriyP 422 & REIFKAT Alde P of the pixel in frame #n-I
g?;respondingT%%l%ggégg?%gg%hggu%%xel Q%nta%ned 0204in tggcinp%t I mge. In
p S423, the i MEGTEPoT-C4PEOGEEECRs 445n€33ické R tedl ue N of
the | nput” I S R e e R aal 420 25
cal cugat Q)%l%i‘?ﬁgt It{git&% rgﬁgoq;eq:ercfitﬂa%k%%:so%ql&)naée%e b%fl Xc%'e 4 Cctober 2004
calculation expressed in equation (18) based on the pixel
values input from the selector 441, and supplies the
'calculatéd estimated mixture ratio to the selector 444.
Based.on the area information sﬁpplied from the area
i0 specifying unit'103{ the selector 444-selects the estimated
mixture ratio 0 and sets it as the mixture ratio ¢ when the
designated pixel belongs to the foreground area, and selects
the estimated mixture ratio 1 and sets it as the mixture
ratio @ when the designated pixel belongs to the background
i5 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 ratioc ®. 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 ratioc ¢. The selector 444 then
outputs the mixture ratio ® which has been seiected and set

based on the area information.

25 . As discussed above, the mixture-ratio calculator 104



- 103 value C of the designated pixel in frame #n, the pixekt¥akyezgbsof
the pixel in frame #n-1, and the pixel value N of the pixel in frame #n+l ..
In step S425, the m xture-ratio cal cul ator 423 5 determ nes whet her the
processing for calculating the estimated mxture ratio is finished for the
whole franme. If it is determned that the processing for calculating the
estimated m xture-ratio is not finished for the whole franme, the process
returns to step 5421, the processing_f?6019 cal cul ating the estinated

m xture ratio for the subsequent pixel Is repeated. If it is determ ned

I n.step 5425 that the processing for calculating the estimted m xture
ratio for the whole frame is finished, the processing is conpleted. 15 As
di scussedcapédgurefeassehanbednnf xgur 881 48 8bprotessatcubatesthbl e to
calculate the estimted mxture ratio based on the input inmage. The

mi xt ur e- r ALFEVESt FABREPNYG pPBceESInBipetf 6PRtaLlRgd iBi ABeaimedel and
correspondi ng to the uncovered background area 20 in step 5403 of Fig. 39
i s siniIaPquuFﬁet PoEBishhgteddreatraepyathe #t owchart of Fig. 40

perfornmed by i ng del correspondi ng_to the uncovered background area,
and an expl a;@t‘? o%a?][?l@ae%‘forf §If<-‘rﬁj£5%}ﬁq tRE Fife Wettheg drtiXt®ire-ratio

D oce s O tt FoPlida e che SRk IPL O ll S L Pel RLLS, POEoSSRE s gl g 8" 11

shown in Fig. 30 is discussed below with reference to the
flowchart of Fig. 39. 1In step 8401; the mixture-ratio
calculator 104 obtains area information supplied from the
area specifying unit 103. :In step 8402; the estimated-

10 mixture~ra£io 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.

VIn step 5403, the estimafed—mixture—ratio processor 402
executes fhe processing for estimatinglfhe 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

fgr the whole frame. If it is determined that the mikture

25 ratios have not yet been estimated for the whole frame, the



calculate the estimated m xture ratios by performng pracesskngrSbighar to
that of the flowhart of Fig. 40, and an explanation thereof is thus.
omtted. The enbodi nent has been described, assumng that the 5 object
corresponding to the background is stationary. However, the
above-descri bed processing for determining the mxture ratio a can be
“applied even if the inmage corresponding to .the background area contains
notion. For exanple, if the image corrgsponding to the background area 10
is uniformy noving, the estimted-m xture-ratio processor 401 shifts the
overall image in.accordance with the notion of the background, and
perfornsﬁpnﬁgessin in a manner g@ﬂ%lar o the case in which the. object
corresporfdi AG 10 TR T HAcKYrtuml §0%t ATOnERS . PIICeHE-19elRE cor r espondi ng
to the 15 round .area. contains Jocally .different notions, the

esti mat ed%%?l%%trleqq gﬁ% WroTESS o B S S IS PHURHs PkRY elshonding to

t he ”DtiQQﬁaﬂﬁﬁ£Pe correspondi ng pi xels belonging to the m xed area, and
execut es the above described processing. 20 The estinmated-m xture ratio

cal culator 104emay exeqie m0Rlah Ghe Dl Wt QL0 31 HALIAG P ocessing

for all the pixels by using a no correspondi ng to red

backgsounh ISR 1 dbddh Wibilathe £3 QAL RSURIE (il e fati 0 as

the m xture ratio a. In this case, the 25 mxture ratio a 1n cAtes t he

ratio of giedmpkarowidy Fypberr20dys sifs, G aRenhsd Y. 4 background
conponent s of the pixels '
determining portion 403 sets the mixture ratio based on the
area information supplied from the aréa specifying.unit 163
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 bélongs. The mixture-ratio
determining portion 403 sets the mixture ratio @ to 0 when
the corresponding pixel belongs to the foregrouﬁd area, and
15 gets the mixture ratio @ to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered'background area, the mixtufe-
ratio determining portion 403 sets the estimafed mixture
ratio supﬁlied from the estimated—-mixture-ratio processor
- 20 401 as the mixture ratio o. Wheh 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



bel onging to the covered background area, And indicates yhecdRdO0 2@fyat he
foreground conponents for the pixels belonging to the uncovered background
area. For the pixels belonging 5 to the uncovered background area, the
absolute value of the .difference between the mxture ratio a and 1 is

cal culated, and the calcul ated absolute value is set as the mxture ratio
a. Then, the inmage processing apparatus is able to determne the m xture
ratio (X indicating the ratio of the_1f,background conmponents for the

pi xel s belonging to the uncovered background area. Simlarly, the

m xture-ratio cal cul ator 104 may execute only the mxture-ratio estimating
processing for all the pixels by using a nodel corresponding to the

uncover ed@P38 backateuhdtar thesointure vatpattt hehteh cindt ertesta mt ed

“m xt.ure ratio as the mxture ratio a. The mixture-ratio calculator U4 that
cal cul at eSSFRBTEnRR T &tY afPBHT EXPPYALRY | +9i AR el ehhr dedeed 21 cthier whi ch
the mxture ratio Cc |inearly changes is discussed bel ow. 20 As discussed
above, sifAtE2ehUELTBALEI?Y)SARL18Y BER TRentEfh TRRCIVEFind wsit tHB3 mi xture
ratio (X gggngﬁ be dﬁternined w t hout nodi fying the equations. The m xture
ratio (X Piheaffy RAhgt8@9h- accordance with  a change in the position of

e e B AR o 2 S S AR e Lo 1 v
fngr?gﬁggégﬁgﬁrm@@ Eguéﬁécmﬁé{hrgw%é%héf%gi@&&&%é&erJf%éh§¥&Lé§§’5&”‘f of
rshown in Fig. 38 is similar to that discussed with reference
to the flowchart of Fig. 39, and an explanation thereof is
thus omitted,.
10 A description is ndw givep 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 S402 of Fig. 39.
In step S421, the ﬁixture~ratio calculator 423 obtains
15 the pixel value C of the designated pixel in frame #n from
the frame memory 421.
In step 5422, 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 5423, the mixture-ratio calculator 423 obtains
the pixel value N of the pixel in frame #n+l éorresponding
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



conponents are approximated in the spatial direction can s kdbddrue.oddy
utilizing a plurality of sets of the pixel 5 values of the pixels

bel onging to the m xed area and the pixel values of the pixels bel onging
to the background area, the equations in which the mxture ratio a and the
sumf of the foreground conponents are approxi mated are sol ved. Wen a
change in the mxture ratio a is approxinmated as .10 a straight line, the
m xture ratio a can be expressed by —emmation (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 t 1L xtu tio a, and designates the jntercept of_ the straight
line of tﬁ%ll%m étﬁfeﬁ?%t‘?%s%g%%ae‘%%Jo’f?ﬂd’r%a B hen i Seeireizel i Hef  the

s o o1 e AN LS R i U0 IR 00

1 and the interce p are unknown.
the gradignted, i @nghdbegiptercept p is shown in Fig. 41. In Fig. 41, white
dots indicate a pixel to be processed, and black dots indicate pixels

adjacent 10 L%, Riveg) 4@ she HOEERES LN ARPLANIITALINAG e mixture ratio a
e ‘

as equation (19), 5 a plurality of erent mxture ratios a for a

pl ur abi t ydetednixsHhaie 204 thé-q;lyocéy;ﬁq{ﬁ £30 Lb%.ceﬁ(lpi&srf(fchpél two
vari ables. In the exanple shown’'in Fig. , the tive mxturé tatios for
five pi xedstimreedpnaased K tdhad WaMaHRD 8 dhe wnd e Arad ent; A and
it is determined that the processing for calculating the
-estimated mixture ratio is not finished for the whole fraﬁe,
thé process returns to step 85421, 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 ébove, 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 ﬁodel corresponding to the uncovered background area
20 in étep 5403 of Fig. 39 is‘similar‘to the processing
indicated by the flowchart of Fig. 40 pefformed by using a
model corresponding to the uncovered background area, and an
explanation thereof is thus omitted.
| The eétimated-mixture—ratio processor 442 and the

25 estimated-mixture-ratio processor 443 shown in Fig. 38



the intercept p. 5 Wien the mxture ratio a i's approxi muuedcippklesphane
shown in Fig. 42, equation (19) is expanded into the plane by considering.
t he novenent v corresponding to the two directions, i.e., the horizontal
direction and the vertical direction of the inmage, and the m xture ratio a
can be 10 expressed by equation (20). a = jmtkg+p (20) In equation (20), |
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 m xture ratio
ain the plane and q indicates the vertical gradient of the mxture
ratio a in g ane, In equation (20), p indicates the intercept of the

m xture r&? Sué th the EFEh@atF%rmé¥5Hﬁ?era?h0$r%hepﬂﬁf@ﬁbwmgln Fig. 32,

‘equat i ons %%1% thr h (23)_.can hold true for CO5 through CO7,
respectlvBFy 59 %’fvtF‘POJSh?El?f e tloaveonns/ b 0BT ( 249, amy =

a07. BO?/V+§0% £§3§ él un1n that the foreground conponents positioned in
4 Cctober % BB R %%r% x%ﬁ1¥§uﬁn?%15g%% other are equal to each
Fept acing' P TR OB d Al Sy Ly Bl (e
5 object corre5pond1ng to the background is statlonary.
However, the above-described processing for determining the
mixture ratio a can be applied even if the image
corrésponding to the background area contains motion. Fof
example, if the image corresponding to the background area
.10 is uniformly moﬁing, the estimated-mixture-ratio processor
401 shifts the overall image in accordance with the motion
of the background, and pérforms processing in a manner
similar to the case in which the object corresponding to fhe
background is stationary. If the image corresponding.to the

15 Dbackground area contains ldcally different motions,‘the
estimated-mixture-ratio processor 401 seleéts-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
bnly 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 ratic @. In this case, the

253 mixture ratio €@ indicates the ratio of the background



5 I n equation (24),

x indicates the position in the spatizabcr@ibeecbino.

When cc(x) is replaced by equation (20), equation (24) can be expressed by

f or-egrou
t hat the
ot her ar
109 can

appr oxi Maad P 4 13 f%*o%fgr&

be expressed by equation (29

| ' t sd.ant Iocrt the shutter period,
%ﬁﬂﬁﬁggﬁ%ﬂgkﬁ%ébéhen jost |oﬁgﬁaﬁ?qﬁ PGPS Swi t h 25 each

equation (25). f (x) = (1-(jmtkg+p) )Fc 10 = j (-nFc) +k (-gFc) + ((1-p)
Fc) = js+kt+u (25) In equation (25), (-nFc), (-gFc), and (1-p) Fc are
replaced as expressed by equations (26) through (28), respectively. 15 s
=-nFc (26) t = -qgFc (27) wu = (1-p) Fc (28).In equation (25), j is the
index in the horizontal direction andok 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

and

BAUALY ST *a[ebaocr@&%gﬁgggpggae {54, Cclober. 2004 -

be approxrnate Ion

to the uncovered background area. For the pixels belonging

© to the uncovered background area, the absolute value of the

- difference between the mixture ratio ® and 1 is calculated,

. and the calcqlated absolute value is set as the mixture

10 -

ratio ®. Then, the image processing apparatus is able to
determine the mixture ratio « indicating the ratio of the

background components for the pixels belonging to the

" uncovered background area.

15

',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

background area so as to output the calculated estimated

mixture ratio as the mixture ratio .

~20

The mixﬁure—ratio calculator 104 that calculates the
mixture ratio ® by utilizing the characteristic in which the
mixture ratio a linearly changes 1s discussed below.

As discussed abdve, since equations (7) and (8) each
contain two variables,. the mixture ratio O cannot be
determined without modifying the equations.

The mixture ratio ® linearly changes in accordance with

a change in the position of the pixels because the object

25

corresponding to the foreground is moving with constant

“f%eg %&%n%5%%0%th%§§§%39raun%ei og%nts can



By replacing the mxture ratio a and the sum of the foregpeuRthesorp@ReENt s
in equation (9) by using equations (20) and (25), the pixel value Mcan be
expressed by equation (3 0) . 10 M= (jmtkg+p) B+j s+kt+u =
j BmtkBg+Bp+j s+kt +u (30) In equation (30), unknown variables are six
factors, such as the horizontal gradient mof the mxture ratio ain the
pl ane, the vertical gradient q of the mxture ratio a in 15 the plane, and
the intercepts of the mixture ratio a {fsthe plane, p, s, t, and u. The
pi xel value Mand 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 Mand the pixel
val ue B ~¥PéC§atYar eB¥oPbelipinghEhiet pbarertephsticquam esquatisebin
cal cul ati ng.tHe Eixture ratio a. It is now assuned, for exanple, that the
hori zont al " *PRJER®] Mok tihRe HREigndt @89 pihel spe §efteh®, farrbtdunds .
vertical index k of the designat ed pixel is set to 0. In 4 Qctober 2004 -
110 t hi sCCa88 “HhBn2F RePPPRBIVaAFEe M oFhEnePpfiel darert®n scamet in the
nor mal eqyat jop. gxpregsed. by. eguation 30%.'1‘or 3x3 pixels located in the
proxi mty W ?h?fﬁ%‘deé}’g‘rl\g"(gﬁzﬂngil?l bitrat %n%f(%ﬁﬁgtcl‘fr oeitth Ri3%9L are
obtained. vai bl of End dlxErd pdf¥ndidy & e WRd MR il () e
pixel values of the pixels belonging to the background area,
the equations in which the mixture ratio ® and the sum f of
the foreground components are approximated are solved.
When a change in the mixture ratio O .is approximated és
16 a straight line, the mixture ratio O can be expressed by
equation (19).
o = 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 o,
and p designates the iﬁterdept'of the straight line of the
mixture ratio O and also .indicates the mikture ratio O 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 pikel to be processed.

By approximatiﬁg the mixture ratio ® as equation (19),

25 a plurality of different mixture ratios O for a plurality of



M -x = (0) .BO -1m(-1).B0 _1.g+B0 _1p+(0).s+(-1).t+u (%ZbctM%%m'§0ﬁ4(+1)
B+1, 1nw (- 1) B+1,-1'q+B+1,-1.p+ (+l) s+ (-1) t+u (33) M1,0 = (-1) B-I,
om- (0) .B-1,0'g+B 1,0p+ (--1)s+(0)t+u (34) M,0 = (0) -B0O,0-m+ (0)
&BOOq+BO'06p+(0) s+ (0) t+u (35) 10 M+l,0 =

(+1) B+1, Om+( 0) B+1, 0gq+B+1, 0‘p+(+1)s+(0)t+u (36) M1.,+1. =

(-1)B 1,+1. m(+1).B-x,+1*q+B 1, +1. p+(-1) .s+(+1).t+u (37) M +1 = (0) BO
+1lm+ (+1) BO +1g+Bo +1p+ (0) s+ (+I} tew ¢38) M1, +1 = (+1) B+1, +1'mt
(+1) *B+1, +1g+B+1, +1p+(+1) s+ (+1)t+u (39) Since the horizontal index j of
t he designated pixel is 15 0, and the vertical index k of the designated

oL wnohtxehle gabxill 8.5akkaca ol g 9§§6g8§gsd PhfipEnt cgdtiBle’ 0 1 he

val ue whe In e t1on ratio a

is equal ggouhelhnkggce@& PthR %qu@tmqgts% ra@ﬁ%g gbgghva §gglgn the

ni ne equations, i.e., 20 équations ( rough I zonta

gradi ent Evet Bepruestical ghadient variaBdethe;ipter ¢apt §rRaisntly gpd u are
cal cul at ed by tﬁe nmet hod™ of | east squares, and thé intefcept p |s out put

as the m xher entaticepd. pA specific process for calculating the mxture
ratio a 25 by applying the nethod of |east squares is as follows. 4

Cct obeg 2004 Wiiean t tige i mlle¥ute apgtibeni Ddexphrak Engkdd essechdy, dpﬁané! ngl e
index x, the relationship anong the index i, the index Kk, t he i ndex x
can be exphewsednbyigqanLoaqgéaﬁonx(;90jt&)axbhmabd(ﬂﬂiOSphé b3anew
assuned that the horizontal gradient m the vertical gradient g, and the
i nt er cept bypcossgitierandg ther movempnéssedobyegaphdbhgstwOthaltwe?, w3, w4,
and ws,
directions, i1.e., the horizontal direction and the vertical
direction of the image, and the mixture ratic o can be
10 expressed by equation (20).
o = jmt+kgtp (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. 1In equation (20), m
15 designates the horizontal gradient of the mixture ratio o in
the plane, and g indicates the vertical gradient of the
mixture ratio a in the plane. In equation (20), p indicates
the intercept of the mixture ratio o in the plane.

For example, in frame #n shown in Fig. 32, equations

20 {(21) through (23) can hold true for C05 through C07,

respectively.
C05 = a05eB05/v+£05 (21)
C06 = a06eB06/v+E06 (22)
C07 = a07eB07/v+f07 (23)
25 Assuming that the foreground components positioned in



respéctively, and jB, kB, B, j, k and 1 are expressed by 1a@ctc®er 2820423,
a4, and a5, respectively. In consideration of 10 the error ex, equations

(31) through (39) can be nodified into equation (41) . s M =1 ay w +
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). s ex = MK - | ay w y=0

(42) Since the nmethod of |east squares is applied, the square sumE of the
error is defined as follows, as expressgd-by equation (43). 20 Eex2 X=G In
order to mnimze the error, the partial (43) differential value of the
variable W with respect to the 4 October 2004 - 112 square sumE of the

houl d b from0 tg 5. Th i
et or m nob-E80 RAP=H0EY  BRCL 4ty ohsOLBEForT Bacdupbeth gagn othedy " 19

i.e., that FO01l through F03 are equal, equation (24) holds
true by replacing F01 through F03 by fc.
f(x) = {(l-o(x}))eFc : (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 equation (25).

f(x) = (1-(jmtkg+p))eFc
10 = je{-meFc) +ke (—qgeFc)+({1l-p)esFc)
= js+kt+u (25)

In equation (25), (-meFc), {(-geFc), and (l-p)eFc are
replaced, as expressed by equations (26) through (28},
respectively.

15 5 = —-meFcC {26)

t = —qgeFc | (27)

u = (l-p)eFc (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 velcocity within the shutter period, and that the
.foreground components positioned in close proximity with

25 each other are uniform, the sum of the foreground compconents



=2 Eex NV X=0 N\v 8 =2 ex - av = 0 X=0 (44) 5 By subat pktbbeg eqguati on
(42) into equation (44), equation (45) is .obtained. 8 5 81 (av E ay

W) > av M x=0 y=0 x=0 (45) For exanple, the sweep-out nethod
(Gauss-Jordan elimnation) is applied to the normal equations consisting
10 of six equations obtained by substituting one of the integers fromO to
5into v in equation (45), thereby obtaining w. As stated above, wOis
the horizontal gradient m wl is the vgtical gradient g, w2 is the
intercept p, w8 is s, wvdist, and wb is U 15 As di scussed above, by
applying the method of |east squares to the equations in which the pixel

lue Mand t tal gradient m th
verti cal a%?adhv%n% %%‘&aﬁaajfﬁi PRCEReEht e pl74] 1 and u can  bo. det erm ned.

20 A descri pt |uﬁ{1e tq%‘aei%f ven ltoh OEef er ncreoélqna,ﬁe%jag&}t gln?] t(d:BIL)r(Tﬂ{thhr ough

(39), by assumng e plxe val‘le of RHie pi xe e e m xed
area is Nilﬁ@? £ﬁ§ §m&b59b@ﬁe299§Eground components can be expressed

by equation (29).
5 £(x) = is+u (29)

By replacing the mixture ratio o and the sum of the
foreground components in eguation (9) by using equations
(20) and (25), the pixel value M can be ekpfessed by
equation (30).

10 M = (jmt+kqgtp)eB+js+kt+u
= jBem+kBeg+RBept+iestket+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

i5 fhe 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 éolved by the method of least squares, thereby
calculating the mixture ratio a.

It is now assumed, for example, that the horizontal

index j of the designated pixel is set to 0, and the

25 wvertical index k of the designated pixel is set to 0. In



- 113 pixel value of the pixel contained in the backgrogn@cggggrigoog. I'n
tthis case, it is necessary to set nornmal equations for each of the cases
where the designated pixel is contained in the covered background area, or
t he designated 5 pixel is contained in the uncovered background area. For
exanple, if the mxture ratio a of the pixel contained in the covered
background area in frane #n shown in Fig. 32 is determ ned, CO04 through
C08 of the pixels in frane #n and the i xel val ues P04 through P08 of the
pixels 10 in frane #n-1 are set in the normal equations. If the mxture
ratio a of the pixels contained in the uncovered background area in frane
#n shown in Fig. 33 is deternj ned, 8 through C32 of_ the pixels in frane
#n and tHeIPi X@FCvaliel w3 Rh¥dtg BfOF henpi REFSLi FPHran? ¥#+1 15 are
set in the normal. equations. Moreover, if, for _exanple, th ] Xture ratio a
of the | prSBl hohRS DO SRER TR P EatReT e APaE Rhotdt] ot g, "43”i <
cal cul ate t he | oW, n quati.ons_ (46)_ throu (54 are set..ln Fig. 43,
Whi Lo dot &7 st DPREret ot il St Rlnbroanath SRR 18t fodfledi nai ost e

pi xel s of m j a o h i for which the

m xture r%%?%lé égg%a{gﬁ?a{%gFigﬁﬁgkgﬂh£$§é %F%)gég%%ﬁé?l-l) Bcl g+Bcl p+
(--1) 5+ - 1) Ly (48, s (0)BC2mH( by Be20BoRns(@hs 0y I i#u (47) 25
M3 =(+1 ‘1Béhm+u((.-|4) Bt3Y4+Bc p@ Ciby st (At .ﬂtai(u ?48) S(4 ot ogerQZO%M -
114 - Mg _; = (0)eBy _jem+(~1)eB, _;eq+B; _;ep+ (0)es+(-1)et+u (32)

Myg o1 = (+1)0Bf1f4-m+(—1)0B+1F¢oq+B+1F¢Op+(+1)os+(—1)ot+u (33)

M3 g = (=1)eB_; gem+(0)eB_; (8q+B_; ¢ep+(—~1)es+(0)et+u (34)
Mg, o = (O)QBO'OQm"F(O).B0’0.q+BO'O.p+(O).S+(O).t+u (35)
10 My; g = (+1)eB,; gem+(0)eB,; oeq+B,; oop+ (+1)es+(0)et+u (36)

M.p,41 = (=1)eB_y ,,em+(+1)eB_; ,,eq+tB_; ,jep+ (1) es+(+1l)et+u (37)
Mg 41 = (0)eBy ,yem+ (+1) 8By ,,0G+B, .19+ (0)es+ (+1)et+u (38)
Myp 41 = (+1) By jqemt (+1) 8B, ,10G+By; ,op+(+1l)es+ (+1)et+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 ratioc o of the designated pixel is equal to the
value when j is 0 and k is 0 in eguation (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 egquations (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 cutput as the mixture ratic o.

A specific process for calculating the mixture ratio «

25 by applying the method of least squares is as follows.



Me4 =(-1) *Bcd*mt (0) *Bcd*q+Bcd*p+ (-1) *s+ (0) *t+u(49)s Mk oHD) 2004
*Bc5*m+(0) *Bc5*q+Bc5*p+(0) *s+(0) *t+u(50) M6 =(+1) *Bc6*m+ (0)
*Bc6q+Bc6p+ (+1) s+ (0) *t+u(51) M7 =(-1) *Bc7*m+ (+1) Bc7*q+Bc7p+ (-1) s+
(+1) *t+u(52) 58 =(0) *Bc8m+(+1) *Bc8*q+Bc8*p+(0) *s+(+1) *t+u(53) M9 =
(+1) *Bc9*m+( +1) *Bc9*q+Bc9*p+(+1) *s+(+1) *t+u (54) When the m xture ratio a
of the pixel contained in the covered background area in frane On is

cal cul ated, the pixel values Bcl thradugh Bc9 of the pixels of the
background area 10 in franme #n-1 in equations (46) through (54),
respectively, corresponding to the pixels in frane On are used. If, for

exanpl e, the rﬂ!ﬁ‘éx’ﬁrﬂlé ?ﬂ%;@ sz»gr{ci‘etrpé Xl e;?%ta%%eef%ﬁ% sk n%}}? aver ed

background area shown in I'S calc at ed g "equati ons

(55) throygh6s) ﬂﬁ&e§5§ettﬁéer81§€ior\{§w§ %oﬁ?etﬁéxfﬁdéﬁeflv\ht £B the

m xture rati1d0 a 1s calculated is - *Bul q+Bul *p+

(-1) *s+ {nddx*k+tUiRa) tM2i 70X x%@n%e(e;lﬂre%%ﬁ TR {& 18d) (-1)
*t+u(56) Mi3 =(+1) *Bu3*m+ (-1) *Bu3*q+Bu3d*p+ (+1) * ) *t+u(57) 20Mu4

S(1) *Budtmr 40) (PudrapBdy (1) “s+ (0) *L+u(58) Migagi0) *Busm (0)
*Bu5q+Bu5*p+(0) *s+(0) t+u(59) M6 =
(+1) * Bubmt( 0) *BuI 6 ) HBib *ge{urdad st *theu (HY)iddhtal gradient m, the
=(-1)*Bu7*mt(+l ) *Bu7q+Bu7*p+(-1)*s+(+1)*t +u(61) M8 =
(0) *Bu8* mrérit] & BLUBgrBABEpt ( Q) *sif +ih&t Fnl&2¢e2bMS, =¢ +1}, *Bu@*aratel )
*Bu9*q+Bu9*p+ (+1) *s+ (+1) *t+u(63) 4 Cctober 2004 - 115 When the m xture
rati o a oéxphespedebycoataihntdsiwithel, w2, w3, w4, and w5,

respectively, and jB, kB, B, j, k and 1 are expressed by al,

al, a2, a3, a4, and a5, respectively. In consideration of

10 the error ex, equations (31) through (32) can be modified

into equation (41).

5

szZay-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).

ex = Mx - EZay'-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 = Y ex? (43)

In order to minimize the error, the partial

differential value of the variable Wv with respect to the



uncover ed background area in frame #n is cal cul ated, theg pi-teherabuag But
through Bu9 of the pixels of the background area in frame #n+l in

equations (55) through (63), respectively, corresponding to

the pixels in

frame #n are wused. Fig. 44 is a block diagramillustrating the

configuration of the estinmated-m xture-ratio processor 401.

An i mage i nput

into the estimated-m xture-rati o processor 10 401 is supplied to a del ay
portion 501 and an adder 502. A delayit2reuit 501 del ays the input imge
for one frame, and supplies the inmage to the adder 502. When frane #n is
supplied as the input inmage to the adder 502, the delay circuit 501

SuPpl [ e (AR 0uh FOoEhEnaddeLop0ZolParhe fdder 902.361 0L

of the pi adj acent I xel “for whrch the nixture fa

hecpixgl val ue

10 als

CalCU|ategﬁEé§§§Eh?r i Xgl +yakue @ﬂugFagglfg-&ekgr&?ﬁ?gogﬁakgggquation. For

exanpl e, er 502 sets the plxe ues oug

and the pixel

val ues Bcgﬁﬁgggggh(gqg_gg thes 29;09r mal equations based on equations (46)

t hrough (5

respectively. The adder 502 supplies the normal equations

in which t Ri xel %Iupéeére set to a cal culator 503. The cal cul ator 503

det er mi negwihe éstfgmtedawy xture ratio by sol ving the nornal

equati ons

supplied fromthe 25 adder 502 by, for exanple, a sweep-dd#é)nethod, and
outputs 4 Cct @ber. 30Q4 -5116 gthe determ ned estimated m xture ratio. In

this manner, the eStimated-m xture-rati o processor

5 By substituting eguation (42) into equation (44),

equation (45) is cobtained.

;] 3 B
Z(av- Zay-Wy) =Zav - Mx (45)
x=0 y =0

x=0

For example, the sweep-out method (Gauss—Jordan

elimination) is applied to the normal equations consisting

10 of six eguations 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

be 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



401 i-s able to calculate the estimated m xture rati o basdg@RHle JlgprRut
i'mage, and supplies it to the mxture-ratio 5 determ ning portion 403. The
estimated-m xture-ratio processor 402 is configured simlar to the
estimated-m xture-rati o processor 401, and an explanation thereof is thus
omtted. Fig. 45 illustrates an exanple of the estimated m xture 10 ratio
cal cul ated by the estimated-m xture-ratio processor 401. The esti mated

m xture ratio shown in Fig. 45 is the 1result represented by one |line and
obt ai ned by performing the calculation by generating equations in units of
7x7- pixel blocks when the novenent v of the foreground 15 corresponding to

th bj ect . i ith t ant locjty i 11. Th i mat 1 xt ti
changes sPHBEL PEhGEr Py PRE Bhich: xeatalRsd 48 LhOWETRORPGArcA 18
of “the m 8 ur 52y BRFE S0Pt Fnb® BPBERESF o porPhr fey hgaciond & 40

ti mat ede=m -Lat] 0 | f.th d
backor ound s ar£ar showrenorrge aert p At e felR kR 1800 COC he

pi xel val usn23; coat ghnede Eo%QEeEHBH%F.%g@?EdaQQ%Abggf’;éﬁ%ié‘[@éi‘ ngfghal ned 4

Cct ober 2004 - 117 in the inage supp romthe rcul in a
-nornals  eguaki 0psCOELESPRBYI 08 {ReauARIeLroh LhEKSPYERREUaPagkaround area.

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 in
frame #n and the pixel values P04 through P08 of the pixels

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

If thé 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+l

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 Mch.

Mcl = (—l)OBcltm+(wl)OBcloq+Bclpp+(~1)-s+(—1)-t+u (46)
Mc2 = (0)eBc2emt (—1)eBc2eg+Bclept (0} es+ (—1)et+u (47)
25 Mc3 = (+1)eBc3em+ (~1)eBc3esg+tBc3ept (+1)es+ (—1)et+u {48)



In step 5522, the estimated-m xture-ratio processor 401 3 getenha-N8ggs

whet her the setting of the target pixels is finished. If it is determ ned
that the setting of the target pixels is not finished, the process returns
to step 5521, and the processing for setting the pixel values in the
normal equation is repeated. 10 If it is determined in step S522 that the
setting for the target pixels is finished, the process proceeds to step
5523. In step 5523, a calculator 503-caigulates the estimted m xture
rati o based on the normal equations in which the pixels values are set,
and outputs the calculated 15 m xture ratio. As discussed above, the

ti mat ed- m, xt - ' 40 h ' 1.g. 44 i bl e t
cal curat 7the- bet! Tt S TR A% ABRCeD o h¥triiout i bl The
1 Xt - j | ' ' 2 del di t
The. uncover2a patkireu G 3EESE B pp AP0 [P0 S iicasi ng | Falfoat ed by

t he fIomnﬁ?ﬁt=3&2ftgkﬂ3$§%%¥.gg%pg+éggagpgp?9qgggagkggs correﬁQdeing to a

nodel of e overe ackground area, and an plranati on thereof is

thus, om Les ~2¢ - Theserandi/Tubehag hesioescridhisd g assumng thay the 4

Cct ober 2004 - ct' corresponding to the background is stationary.
Hovevey , WiBg aboypsslaneld 399 «BLEY BB &L P LACUlBLQy Procegsing can be

applied even if the I mage corresponding to the background area contains
notion. FRaeg exappl pesddentiN@ 1) eBcOeg+BcYep+ (+1) es+ (+1) et+u (54)

When the mixture ratio o of the pixel contained in the
covered background area in frame #n is calculated, the pixel
values Bcl through Bc2 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 calculated, the following equations (55) through (63) are

15 set. The pixel value of the pixel for which the mixture

ratio o is calculated is Mub.

Mul = {-1)eBulemt (-1)eBuleg+Bulep+{—1)es+(-1L)et+u {55)
Muz = (O)oBu2-m+(—1)9Bu2-q+Bu2-p+(0)-s+(—1)§t+u {56)
Mu3 = (+1)eBu3em+ (-1)}eBuleg+Bulep+ (+1)es+(-1)et+u {57)
20 Mud = (-1)eBudem+ (0)eBudegt+Budept (—1)es+(0)et+u (58)
Mu5 = (0)eBuSem+ (0) eBubeg+Bubep+ (0) es+ () et+u (59)
Mué = (+1)eBubem+ (0)eButceg+Butep+ (+1)es+ (0)et+u (60)
Mu7 = (—-1l)eBu7em+t (+1)eBu7eq+Bu7ep+ (—1)es+ (+1)et+u {(61)
Mu8 = (0)eBuBem+ (+1)eBuleg+BuBep+ (0) es+ (+1)et+u {62)
25 Mu9 = (+1)eBuSemt (+1)eBuSeg+tBulep+ (+1)es+ (+1)et+u (63)



5 image corresponding to the background area is uniformy omwpag 2bhe
estimated-m xture-rati o processor 401 shifts the overall inmage in
accordance with this notion, and performs processing in a manner simlar
to the case in which the object corresponding to the background is
stationary. If 10 the inage corresponding to the background area contains

|l ocally different notions, the estimated-m xture-ratio processor 401

sel ects the pixels corresponding to theismtions as the pixels belonging to
the m xed area, and executes the above-described processing. 15 As

di scussed above, the m xture ratio calculator 102 is able to calculate the

1 xt ti whi.ch i t he feat. tity, di [ h

oi xel . based dHEhetE du-F T i Toh SPpl 1 BIOnT (5l S EReQ g 58 ng uni t
101 d | t i . B i th i Xt ti it ible to
sepa?gte %ﬁggY%%%gggﬁﬁggﬁ%ﬁ%gi%%%% %ﬁdg%%%ggg%Lg?Bgﬁgcué%ﬁégngﬁgélcontained

0 the pigekeyalue,uhi hey TEADLALA! A0 SRechal SLIBLL 0oLy LhE,TRLLON, B! U

contained 1 n the 1'nage correspondl ng ving o € i nmage

'S Syntheaizgd: Dasedn@nyhDe MhXLUEL1BEL O(s [(OLRPELGEDPsy 11D & 1T 16

possible to create an i mage contai ning notion hat “nat ches t he speed

of the NMO¥bBPeEPlf6lyandothalpoh@ihhftbl yneebigeis therkgab warkde The
f oregr ound/ background separator 105 is discussed 5 below Fig. 47 is a
bl ock diagsamillustrating an exanple

Fig. 44 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401,
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 o 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 B¢l through Bc9 in the

20 normal equations based 6n 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



of the configuration of the foreground/ background separatOipctt HRg4 Nput
i'mage supplied to the foreground/ background separator 105 is supplieg to a
separating portion 601, a switch 602, and a switch 604. The area

i nformation supplied 10 fromthe 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 prga-is supplied to the switch 602.
The area information indicating 15 the background area supplied to the
switch 604. The mxture ratio (x supplied fromthe m xture-ratio

cal cul atoy, 104 js supplied to the separatin ortion 601. The separating
portion G%Eesg%g?ﬁTégg?hﬁstT% I8 uﬂﬁ£€55ﬁp5%Eﬁ?s fromthe input imge based
on the area 20.jnf.ormation indicating the covered background area, the area
i nf or mation i %cﬁ cnta}fjisngm‘-’frhréeru’nc&/eereesﬁ%%egcf_m%ee_a‘fa%?d PIRHEH Kt ur e
rati o a, pplies. th ' e o] components _to .a synthesizer
603. The gggaigtgéggp%%t?%%gggégéaﬁgé é§%%$%€§% The %%kﬁ?%ﬁ% %%g onents

from the Lapuho 26l gR0RLG00 SaPLLGS10e SEPAsaled PACKOL QUM conponent s

to a 4 Cctober 2004 - synt hesi SWtc IS closed when a

pixel5pora§§@gﬁgﬁgg?tﬁor£§@nf@@gground is input based on the area
information indicating the foreground area, and supplies only the pixels 5

correspondi ng e tdiex frRr@al-auine Gt el dibddesd MRz 1R8N £1d e
synt hesi zer 603.
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 representéd 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 constant velocity is
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 8521, the adder 502 sets the pixel value

25 contained in the input image and the pixel value contained



The switch 604 is closed when a pixel corresponding to uheckagkgreynd is
i hput based on the area information indicating the background area, and
supplies only the pixels 10 corresponding to the background contained in
the input image to the synthesizer 605. The synthesizer 603 synthesizes a
foreground conponent inage based on the foreground conponents supplied
fromthe separating portion 601 and the pixels corresponding to the 15
foreground supplied. fromthe swi tch-6027 and outputs the synthesized

f oreground conponent inmage. Since the foreground area and the m xed area
do not overlap, the synthesizer 603 applies, for exanple, logical ORto

the Toreground seuRansita.30d Ebe! pheonound Rixgle: LHET EhY.200 ey

synt hesi zi ng €gro conponen e a1z ng processi ng

execut ed gly,bReo! BhtrBLpohBengY PbNESHALAY BECERESLBGeLAL BhSKLALEAGOUN
conponent ‘I mage, the synhthesizer 603 stores an I nmage whose piXel —val ues
are all Ozipza built-in frame menory. Then, in the 25 synthesizing

processing for the foreground conponent inmage, 4 Cctober 2004 - 121 the

synthesi zer 608, séesgsgihe, fofLus Suith COIMRNSN r& IBIE: o (PVSFNEdS LS4 ¢ he
previ ous i mage by the foreground conmponent inmage). Accordingly, O is

st ored i ngeherpixekSwhethespendi Béttﬂn%héfb@ﬁégtgﬁggtaﬁagﬂelﬁ tBe foreground
5 conponent image output fromthe synthesizer 603. The synt hesizer 605

synt hesi zésnashadkgr afindtcospasesimihg@gehhaseHeoBetbengackgepynd
conponents supplied fromthe
target pixels is not finished, the process returns to step
S521, and the processing for setting the pixel valués in the
normal eqguation is repeated.
10 If it is determined in step 5522 that the setting for
the farget pixels is finished, the process proceeds to step
8523. In 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 background 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



separating portion 601 and the pixels correspondi ng to theod2agke ound
supplied fromthe switch 604, and outputs the 10 synthesi zed background
conponent image. Since the background area and the m xed area do not
overlap, the synthesizer 605 applies, for exanple, logical ORto the
background conmponents and the background pixels, thereby synthesizing the
background conponent inmage. 15 In the initializing processing executed at
the start of the synthesizing processing for the background conponent

i mge, the synthesizer 605 stores an i nage whose pixel values are all 0 in
a built-in frame nmenory. Then, in the synthesizing processing for the

~back d ' 20 th thesi zer 605 t he back d
conponent CPAAGE CrbUSFRPIELET 8 HPEvPOHSOFARYS by THACBABRDYound component

| mage) . AGERLILDO i 0oy SLALEA L nChg B HELS - 60U espandLpg Lo (e

foreground area fn round- conponent i mage put-from't he

t hesi . Lg. 48A Lkl ust chey | i ] into,.the 4
tober 2663052 15A9 Cpl Be anR L B e g gL BRb AL OER I i
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f oregr ound/ backgr ound separator 105. Fig. 48B 1illustrates a no

i nput § MgRabBPEbrkBEEohAEng tOr eHEOHALBREKANOHPE SERALAL 85D and the
foreground conponent inage and the background conmponent inmage output from

t he foregneuntdgbacker evhdmseparat @tut85raktig. p48Lcksod s6hesnt Fesdiagr am of
an image to be
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 o, which is the feature
quantity 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 éomponents 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



di spl ayed, and Fig. 48B is a nodel in which pixels for oneogock@ydregos
corresponding to the image shown in Fig. 48A and containing pixels

bel onging to the foreground area, pixels belonging to the background area,
and pixels belonging to the nmxed area are expanded in the tinme 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 to the background area and- i1he background conmponents contai ned
in the pixels of the mxed area. As shown in Figs. 48A and 48B, the
foreground conponent 20 inage output fromthe foreground/ background

he T or eqfousl EBnBBABAPLC cht SERERC Rt POCBPXEPCOr 1t hE THFYEN BIBE. The

ag
t he foregroéun ohents cont di ne

pi xel Va'gﬁ§t0$a£gﬁe9i§ﬁ S%Egeéhgf”¥ﬁgdﬁgﬁf§gfé§g?ggo%§8?£€% d into the

background conponents an oregroun conponent s
by the fofggﬁﬂf'{?ﬂipa%%%@ gﬁ@aieé;?rw&Q%d.The separ at ed backgr ound

conponents formthe backgroun conponent | mage together with the pixels

bel onging {0 the, backaaun i erroilit senaal s (SS9 Uk carmanent s for m

S the foreground conponent image together "with the pixe ing to the
foregmounde BsRa. Pegdi szussed BLOVR, qilgkhe 1 0189F PHRInGOAROBER L1 HBTE,

t he pi xel values of the pixels corresponding to the background area are
set to 0,ocfinthei gonhfiganitpbxedsveahdeSoreground/background separator
105. The input image supplied to the foreground/background
separator 105 1s 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—raﬁio
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 o, 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



10 are set in the pixels corresponding to the foregroundsapeaopardsihe

pi xel s corresponding to the m xed area. Simlarly, in the background
conponent image, the pixel values of the pixels corresponding to the
foreground area are set to O, and significant pixel values are set in the
pi xel s 15 corresponding to the background area and the pixels
corresponding to the m xed area. A description is given bel ow of the
processi ng executed by the separatingiperiion 601 for separating the
foreground conponents and the background conponents fromthe pixels 20
bel onging to the mxed area. Fig. 49 illustrates a nodel of an inage
indicating fore roung gonponents and background conponents in two franes
i ncl udi ng 5“?5?5 FBhing® bject noving fromthe left to the right in Fig.

49. In the no of th e, shaown i 5 Fi t he amount . of nmovenent v
t 2 Mand the TR T PO b Lo e 3 RAXAY (AR SRR BAr | one. i
4. In fra eft st eI an the fourteenth thrpough eighteenth

pi xel s fronttﬁor%%F?uconggs gF% %%k%?%%nﬁnconpoﬁe%?s and bel ong

to the baﬁﬁg{tﬁ’g{?i’ gttt Qﬁagﬁéﬁﬁge th?d %&ﬁ;gfndé%”é’x‘f ERQV% ﬁBiée' S

fromthe con groun cohponen regro

conponent 8,204,064 0RY £9 {RHE HY Qﬁﬁéﬁﬂdb 950004 8 edpel Eaﬂﬁa g, the
Rt |r§eent% %

el eventh t hroug plxe fromt eft contaln groun
conponent §5apdef g?ﬁgﬁ@yggegogpgnents 10 and bel ong to the covered

background area. Tn frane #n, the

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

10 corresponding to the background c¢ontained in the input image
to the synthesiier 605.

The synthesizer 603 synthesizes a foreground component
image based on the foreground compcnents supplied from the
separating portion 601 and the pixels corresponding to the

15 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

20 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

25 synthesizing processing for the foreground component image,



fifth through tenth pixels fromthe | eft consist of only 4t be:dereanhound
conponents, and belong to the foreground area. In frame #n+l, the first
through fifth pixels fromthe left and the eighteenth pixel fromthe |eft
consist. of only 15 the background conponents, and belong to the background
area. In frame #n+l, the sixth through eighth pixels fromthe left contain
background conponents and foreground conponents, and belong to the
uncover ed background area. In frame #md1 the fifteenth through
seventeenth pixels fromthe left contain 20 background conponents and
foreground conponents, and belong to the covered background area. In frane

el thecgLolle LOCOUOD LOYT LESILD Dhxeks, LoomaheLel, copsi sloof only

the foreground conponéents, ™ an efong to

[ ustr ot oL b pLocessL g Lol Sepaaling, e, 25 Lt s0igund ommenent

fromthe pixe onging to t 0 cover ackground

area. In HFhguepO, ﬂéc%9&9ﬂgfya3§ %ﬁggﬁé%gdni%tyﬁﬁ paksps of the individual

pi xel s of trame #n. n Fig.” 50, teenth through seventeenth pixels

fromthe tgfte bﬁagn&[-gotéh@héoygéﬁer@@ﬁ&%%éﬁdiﬁr@ﬁe Bodbg-pixg! val ue C15
of the fifteenth pixel fromthe left in frame #n can be expressed by

equat ion ¢6fponbAl TmBS/ ¥atPH VEFOR/ ¥rEOLYNthad D2 BL5g6 99/ v+FO8/ v+FO7/v =
al 5* P15+F09/ v+F08/ v+F0O7/v (64) 10 where al5 indicates the m xture ratio of

t he }‘i fteent h THxedynifHenndde do tsymtHeaime 4t mtkPPRurtedgnimand he

bl xe image based on the background components supplied from the
separating portion 601 and the pixels corresponding to the
background sﬁpplied 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 background 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



value of the fifteenth pixel fromthe left in frame #n--%k gEhepeymiphy 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-al5*P15 (65) Simlarly, the sumf16 of the
foreground conponents of the sixteenth pixel fromthe left in frame #n can
be 20 expressed by equation (66), and the sumf17 of the foreground
conponents of the seventeenth pixel frb&Zthe left in frame #n can be
expressed by equation (67). f16 = Cl6-al6*P16 (66) f17 = Cl7-al7*Pl7 (67)
25 In this manner, the foreground conponents fc contained 4 Cctober 2004 -

12 6 i B t -xebyb ' d
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background area can be eXxpressed by equation (

designate@omb@nehxehma@gugnaftheebgekagéaﬁad&aﬁpoéeﬂfxﬁﬁa%Q bhepREevi ous
frame. Fig. 51 illustrates the processSing for separating the foreground

conponent rénothth€opbyebenbebabBynguha tBBardbepversd backgrognd area. In
Fig. 51, al through al8 indicate mxture ratios of the individual pixels

of frame #hludfriteFi §. mbdeltbe sReONApLBr Onghef OuptH pPhuel snérom the |eft
bel ong to the uncovered background area. The pi xel value CO02 of the second
pi xel 5 r ofiethgrbeftl/background separator 105 and the foreground
component image and the background component image éutput
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 values of the pixels in the mixed area are

25 separated into the background components and the foreground



in frame #n can be expressed by equation (69): C02 B02/v4B@R/\HR2H\\HzOL/ v
15 = a2B02+F01/v = a2N02+F01/v (69) where a2 indicates the mxture ratio
of the second pixel fromthe left in frane #n, and NO2 designates the

pi xel value of the second pixel fromthe left in frane #n+l. 20 The sum
f02 of the foreground conponents of the second pixel fromthe left in
frame #n can be expressed by equation (70) based on equation (69). f02 =
FO1/v = C02-a2+N02 (70) 25 Simlarlyy thg sum f03 of the foreground
conmponents of 4 October 2004 - 12 7 - the third pixel fromthe left in
frame #n can be expressed by equation (71), and the sumf04 of the

f t | t L.n ane can
be. oxpr eaSPBy agaart on 72y~ 8P EEoxREY PRy Eabal Lobns BiRoa (72)
In this ”BEEQEatEHebBERSQBQHEdcGﬂBBH@ﬁEESfBEmCQHEabQEQgranHhe pi xel val ue

C of the pixel belonging to the uncovered background area can be expressed
by equati @BmpéBentldmble=tEbgabhbs3kivhetBeNod81 aNBLESnENRgPEXeLh¥al ue of

the corresponding pixel in the subsequent frane.
background area. The separated foreground components form
5 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 wvalues

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 corresponding 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 foreground
components and the background components from the pixels

20 belonging 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



As di scussed above, the separating portion 601 is able 0 ®mepMAL e ddwe
foreground conponents fromthe pixels 15 belonging to the m xed area and

t he background conponents fromthe pixels belonging to the m xed area
based on the information indicating the covered background area and the

i nformation indicating the uncovered background area contained in the area
I nformation, and the mxture ratio a 20 for each pixel. Fig. 52 is a block
diagramillustrating an exanple of +thezgonfiguration of the separating
portion 601 for executing the above-described processing. An inmage input
into the separating portion 601 is supplied to a frane 25 nenory 621, and
the area | ton. Lndicating the covered 4 October 2004 - 128
backgrounggg?é%§aﬁav% &u 85#%%%8 bac ground area supplied fromthe

MXturejratiOf@Ifﬂn@éon’l L S 'xij}geelraaﬁéo a are sup Iie_dtoa
separati on processing bl otk ; e Trdame nenDry'%ﬁi_épﬁf%s %% |np;t ]
[ [ ' : S, t eq.i a n, the
(rane. menohEbRsh SiBheobftpaHOeY RephoPRe OoPE PORGESECOr! Sl aleltr e

frame #n, pheRGBoita 8BHpbheABs ¥Rl bWLAY +§ thDeHiEROB.RA]. SEF%g'? "i‘ Lie:]

t
frame #n. The franme nenory 621 supplies ?he correspondi ng pixe
frame $n- frahé&af®, #ohe aBEcbh@MEn#8ddnt Boti PEn SEPRE LT 8PRomPERSESEERT bl OCk

622. The separation processing block 622 applies the calculations
di scussedcwhtainetre epsekyPofthgScomPoadfitSlah@ the foreground
components, and belong to the uncovered background area. 1In
frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,
10 and belong to the covered background area. In 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+1l, 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. 1In frame #n+1l, 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



t he bixel val ues of the corresponding pixels in frame #n4lgocltepkhan®oin,
and frane #n+1 supplied fromthe frame nmenory 621 based on the area
information indicating the covered background area and the uncovered
background area and the mxture ratio a so as to separate the foreground
components and the background conponents fromthe pixels belonging to 20
the m xed area in frame #n, and supplies themto a frame nenory 623. The
separation processing block 622 is fernesl of an uncovered area processor
631, a covered area processor 632, a synthesizer 633, and a synthesi zer
634. 25 A multiplier 641 of the uncovered area processor 631 4 Cctober 2004
- 129 multjplies,th ixel, value of_the pixel i ane_#n+ supplied from
t he franec%gﬁﬁ?g EiiﬁggoFﬂ% %¥§?Ure£?a %8‘a§8'aﬁg %EFBH?@ ?hg resul ting

pi xel val ug it S 4 Ltch . I l,0 er | X of
frame #n Eﬁ?gg??és}é‘éﬁgpﬁg t%%tgﬁg 8?&?‘% &%gr%iu %+%%%§\t¥%’pﬁé&eﬁa?noeme%rh'e
frame menpryr621 bgl opgs EQrtbentACoNpLagn PaEkanoUaL A" ngl, SHpp! i es

t he pixel vaFué nuﬁfipﬁ?eg Ey tﬂe n?xturg rat?o 9§Q$E§p§?§%l$r5ﬁ§¥he

mul tipliegn84icke Bet8hgULat £he643vaPda BQek§¥8ﬁﬁasa%@5.634- The val ue
obtained by nultiplying“the 10 pixel value of the pixel in franme #n+l by
the nisxture rath® paxOUt@atud rem tde swé tehrfdn s SOk Vot it tipthe
background conponents of the pixel value of the correspondi ng pixel in
frame #n.1dbe ¢al eubnbofnb643nsubt eapteskbae backgnavngncopppnents

c15 Bl5/v+F09/v+FO08/v+F07 /v

I

0l15eB15+F03/v+F08/v+F07/v
= al5eP15+F09/v+F08/v+F07/v (64)

10 where al5 indicates the mixture ratio of the fifteenth pixel
from the left in fréme #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 by equation (65) based'on equation (64).

£f15

FO9/v+FO8/v+F07/v

Cl5-015eP15 (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).

fl16 = Clé6—qalcePls (66)
£f17 = C1l7-al7eP17 (67)
25 In this manner, the foreground components fc contained



15 supplied fromthe switch 642 fromthe pixel value of uhectpies! 2igpaf rane
#n supplied fromthe frame nenory 621 so as to obtain the foreground
conponents. The cal cul ator 643 supplies the foreground conponents of the
pi xel in frame #n Dbelonging to the uncovered background area to the 20
synt hesi zer 633. A nmultiplier 651 of the covered area processor 632
multiplies the pixel value of the pixel in frame #n-1 supplied fromthe
frame nenory 621 by the m xture rati-o 6 -and outputs the resulting pixe
value to a switch 652. The 25 switch 652 is closed when the pixel of frane
#n 4 Cctober 2004 - 130 (corresponding to the pixel in frame #n-1)
supplied 0 . ry-6 oyer b nd area,
and supp{§e€ﬁ%n§lﬁ%£e %QEEQ %5I%%%F?%%ggib%ﬁ%ﬂ€$§§u¥§ ?@.i%ﬁ%?fgﬁpplied
fromthe Ll t I q&%l hesi zer 634. The
val ue obtg%%%%P ?ﬁ%u$?%%lg?%gﬁ?h%y$€%§%?§3§Yue d%bfﬂg E?@LI in frame #n-|
by the mxturesdatli@ qdpx output fromthe switch 652 is eqgpgyalent to the
background conponents of the pixel value of the correspondi ng pixel in
frame #n.ylOrdhe gabcyhatos HBS SURET ags Bud her begk 9t OHPEs SONROA@NT S
supplied fromthe swtch 652 fromthe pixel value of the pixel in frame #n
suppl ised pies1t e thanpreei®ty £24dms&0 as to obtain the foreground
conponents. The cal cul ator 653 supplies t he foreground conponents of the
pi xel in framE#n 15 hel longi reg a0 e ooversed ipcioyr alepsh areiang alidhe

synt hesi zer

Y foreground components from the pixels belonging to the

uncovered background area. In Fig. 51, al through ol8
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+F01l/v
15 = Q2eBO2+F01l/v
= Q2eN02+F01l/v (69)
where o2 indicates the mixture ratio of the second pixel
from the left in frame #n, and N0O2 designates the pixel
value of the second pixel from the left in frame #n+l.
20 The sum f02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation
(70) based on equation (69).
£02 = FOl/v
= CO02-q2eN02 {70)
25 Similarly, the sum £03 of the foreground components of



633. The synt hesi zer 633 conbi nes the foreground conponent $ct@hakhegpigxel s
bel ongi ng to the uncovered background area and supplied fromthe

cal culator 643 with the foreground 20 conponents of the pixels belonging to
t he covered background. area and supplied fromthe cal cul ator 653, and
supplies the synthesized foreground conponents to the frame nenory 623.
The synt hesi zer 634 conbi nes the background conponents of the pixels

bel onging to the uncovered background nzea-and 25 supplied fromthe sw tch
642 with the background conmponents 4 COctober 2004 - 131 of the pixels

bel ongi ng to the covered background area and supplied fromthe switch 652,
and suppl | 2 _SY i kground_ c gnepts to the frame nory
523, “The FRBRERBLOES 20y BE  RRPL TaoPERAG BonpoRent oo s ERacine
backgroungd.,c S th i S.J I X anme #n supplied
fromthe ggpggggggﬁhpéggéés?ﬂg §§F08EH5592 QEegg?aﬁé?%%%é?§&623 out puts the
stored fOESQbBHthsce@Deﬂ@nkéu9£htnganxe£§m; nbhecFixed aredel pnfLafge #n

and 10 the stored background conponents o e pixels in the mxe area

in frame #a. eRByprdbkblizhpdelhgc bt Yrgyratio (x, which indicates the
feature quantity, the foreground conponents and the background conponents
contaismed in thes p:xed3vatdaem can be 15 conpletely sepanated. The

synt hesi zer 603 conbi nes the foreground conponents

f04 = CO04-cdeN0O4 (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-qeN (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 a
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. 2An image input
into the separating portion 601 is supplied to a frame

25 memory 621, and the area information indicating the covered



of the pixels in the mxed area in frame #n output from uhecceeRar atyoag
portion 601 with the pixels belonging to the foreground area so as ‘to
generate a foreground conponent 20 image. The synthesizer 605 conbi nes the
background conponents of the pixels in the mxed area 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 exanple of the foregeeuAnd 4 October 2004 - 132

conponent image corresponding to franme #n in Fig. 49. The |eftnost pixel
and the fourteenth pixel fromthe left consist of only the background

B B e R SR R T, o

t hus, the ues are set

the Teft BekAngnkomskhie UNCaveEe a@%%EQE?H”QOQVE b%kgrﬁlg@s op.gygund and

the background are separate ccording ck roun onents are
set to 0, gapdet aﬁﬁmrl%ar eund cepRoaenL Escégsqﬁgnbﬁbeﬁdsﬂhe "ol eventh

through thirteenth pixels from | eft “bel ong t e covered background

area before thehef prage onado 2hds s hesPaekgr eyad; ﬁ?@tsfﬂ@éééegn Acgesdingly,
t he background conponents are set to 0, and the foreground conponents are

mei nt & ned£ Thembelt hwhbhouglirteBat Ropbiepsoddskeamikherhabt 460nshat of only
the foreground conponents, which are thus maintained. Fig. 53B illustrates
an exanpl érafiet hembagkgLouBdores frame #n-1, which is the frame one
frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.
The frame memory 621 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
ﬁhe 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



conponent image corresponding to franme #n in Fig. 49. Tha odcebbaestopisxel
and the fourteenth pixel fromthe |eft 20 consist of only the background
conponents before the foreground and the background are separated, and

t hus, the background conponents are maintai ned. The second through fourth
pixels fromthe left belong to the uncovered background area before the
foreground and 25 the background are separated. Accordingly, the
foreground 4 COctober 2004 - 133 compaEnts are set to 0, and the
background conmponents are nuaintained. The el eventh through thirteenth
pixels fromthe left belong to the covered background area before the

component tar o lfs RS BLUEE PREWECRE T ShE o e DR chERs & Hi ot 2l nea. i

conmponent's are se gr ou conponen i ntai ned. The

fifth tthHﬁBl gg{ﬁrs'x?#é f£££%1%§f%%§f52fogii@%%qﬁ%ggéyetpgtigr&ground

conponent s, an us, e pl xe are s e processihg for

separati nQnah8u££ﬁ€9r%@drégglém%%ﬁ?x@ﬁ%gm&“% e%:%y}_@(gh b%4é he The
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separating portion 601 obtains an input inmge, and stores frame #n for
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i nformation supplied

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
d 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 éupplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 643
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 o,
and outputs the resulting pixel value to a switch 652. The

25 switch 652 is closed when the pixel of frame #n



fromthe mxture-ratio cal culator 104. In step S603, the420cseparabioon
processi ng bl ock 622 of the separating portion 601 obtains the mixture
ratio a supplied fromthe m xture- ratio calculator 104. In step S604, the
uncovered area processor 631 extracts the background conponents fromthe
pi xel values of the 25 pixels belonging to the uncovered background area
supplied 4 Cctober 2004 - 134 fromthe frame nenory 621 based on the area
information and the mxture ratio a- 130 step $605, the uncovered area
processor 631 extracts the foreground conponents fromthe pixel values of
the 5 pixels belonging to the uncovered background area supplied fromthe
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processor extracts the foreground conponents fromthe pixel values of
the 15 pi xehs1Dehopgbmothe HhetepyeEedshackgr 9upsi aheacSHPPSS egna f £ the

frame nenory 621 based on the area information and the. m xture ratio a. In
step $608syhbieesypehecpzer 683 ¢@MBkNEBtibLed by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio
o output from the switch 652 is equivalent to the background
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 Dbelonging to the covered background area to the synthesizer
633.

The synthesizer 633 combines the foreground components
of the pixels belonging fo 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 éomponents
of the pixels belonging to the uncovered background area and

25 supplied from the switch 642 with the background components



f oreground conponents of the pixels belonging to the 20 uneeverRd 2004
background area extracted in the processing of step 5605 with the
foreground conponents of the pixels belonging to the covered background
area extracted in the processing of step $607. The synthesized foreground
conponents are supplied to the synthesizer 603. The 25 synthesizer 603
further conbines the pixels belonging to the 4 October 2004 - 135
foreground area supplied via the switcigp02 with the foreground conponents
-supplied fromthe separating portion 601 so as to generate a foreground
conponent image. In step S609, the synthesizer 634 conbines the
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further conbihes the pixels belonging tot ground area supplied via
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portion 601 so as to generat'e a background conponrent 1 nage. n step

5610, st heasygntheshaekgLOn@UWhhbSndhes &oregs oy coMongnt hiBge. | n step
S611, the synthesizer 605 outputs the background conponent | mage. The

processi ngrea Sof heramenph ed@sh 1 Asd df s6iStied 9d¥Latid® processing
f or egr ound/ backgr ound separ at or
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 o, 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 as 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



“indicate

20 105 is able to separate the foreground conponents andat hetobaekgpgund
conmponents fromthe input inage based on the area information and the
m xture ratio a, and outputs the foreground conponent image consi sting of
only the foreground conponents and the background conponent i nage
consi sting of 25 only the background conponents. r - 136 4 COctober 2004
Adj ust nents of the anpbunt of notion blur of the foreground conponent i nage
are described below. Fig. 55 is a blocikggi-agramillustrating an exanpl e of
the configuration of the notion-blur adjusting unit 106. 5 The notion
vector and the positional information thereof supplied fron1the nmot i on
detector 102 a nf plie to a unat of or ceSS|€ det rnln%§ rtlon 801
and o modertePaEnt noRaas . PoRr§ndtiing 8 LRGN H8, BoELeTrad ], o
i nformati o] h r in i 103 i S upplled to
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an adder e unit proces ning portion 15 generates
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information thereof, and the area information, and Suppliés the generated.
unit aof g§9§@§5ﬁgguegoa£@e5@@d§é fiorm ng portion 802 and the adder 804. As

by Ain Fig. 56, for exanple, the unit of
The second and fourth pixels from the left belong to
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 maintédined. 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 ieft
20 consist of only the background components before the
foreground and the background are separated, and thus, the
background components aré 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



20 processing generated by the unit-of-processing determgniolgoRe biggn 801
indi cates consecutive pixels disposed in the noving direction starting
fromthe pixel corresponding to the covered background area of the
foreground conponent inmage until the pixel corresponding to the uncovered
25 background area, or indicates consecutive pixels disposed in 4 Cctober
2004 - 137 the noving direction starting fromthe pixel corresponding to
t he uncovered background area until the3pixel corresponding to the covered
background area. The unit of processing is forned of two pieces of data
whi ch indicate, 5 for exanple, the upper left point (which is the position
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of pr ocesSrRa]RRESt RS BAr TPi Gni SRBI Ko TAGKRORGRAT GPAPABRGR PER 802 |
f h ' -1 ' t.unit of i ng.
Voro 10 SReePrearty . Tar CxaRsreR ¥RECRGnaPrbPRehE obiPon SooRiEgee ™

. store inlaéﬁaﬂegoﬂgptarehétxogéraadsgékhgoaﬁgoggsgﬁggfé%g che number of

pi xel s contained 1n"the unit of processi he nu virtual divided
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For earound Soamoaa e e P S e E R s TP 5h 802 then
may &ele@hetE@rageehn&ncwmbéﬁehﬂs §9kT 8kt tgnobeLngepnt heapikyebunyal ues
and the foreground conponents is designated, such as that in Fig. 57,
based on tbepunehtef apeogesstagnand thee BUFBRI tRfoNbht HahtHi ¥idedsportions
of the pixel value in the 20 tine direction.
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 deséribed 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+l.

In step 5602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
from the mixture-ratio calculator 104. 1In step $603, the

20 separation processing block 622 of the separating portion
601 obtains the mixtﬁre ratio o supplied from the mixture-
ratio calculator 104.

In step 5604, the uncovered area processor 631 extracts

the background components from the pixel values of the

25 pixels belonging to the uncovered background area supplied



It is now assuned, for exanple, that the nunber of pixelsoeephespendisng to
tthe unit of processing is 12, and that the anmount of novenent v within the
shutter tine is 5. Then, the nodel-form ng portion 802 sets the nunber of

. 25 virtual divided portions to 5, and selects a nodel forned of 4 Cctober
2004 - 138 eight types of foreground conponents so that the |eftnost

pi xel contains one foreground conponent, the second pixel fromthe |left
contains two foreground conponents, thessdhird pixel fromthe |eft contains
t hree foreground conponents, 5 the fourth pixel fromthe left contains four
pi xel conponents the fifth pixel fromthe left contains five foreground
conponent the sixth pixel fro contalns five foreground
conponents* Th5h§e€ %?Q%Fyfg%L?b?ﬁ% | F t LR EE AT R bt Ry r fhd
conponent t he g ghth 0 pixel fromthe left contains five foreground
conponent ,et%%x i %tﬁa% Ret fron1the left contains four foreground

conponents, I 0 e t s three oregr ou d
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selected nodel to an equation generator 803
the mixture ratio a.
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 memory 621 based on the area information and
the mixture ratio «a.
In step 3607, 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 8605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of step 5607. The synthesized foreground

components are supplied to the synthesizer 603. The

25 synthesizer 603 further combines the pixels belonging to the



The equation generator 803 generates an equation based angchepadelyos
supplied fromthe nodel -fornmng portion 802. A description is given bel ow,
with reference to the nodel of 25 the foreground conponent image shown in
Fig. 57, of an 4 COctober 2004 - 139 equation generated by the equation
generator 803 when the nunber of foreground conponents is 8, the nunber of
pi xel s corresponding to the unit of processing is 12, the anmount of
novenent v is 5, and the nunber of v+ri®@&l-divided portions 5 is 5 Wen

t he foreground conponents contained in the foreground conponent inmage
corresponding to the shutter tine/v are FOl/v through FO08/v, the

reIationsgggggpgﬁxgegrﬁggéﬁéa%g%gugbaFgﬁév?ﬁggﬁ%Eg?gg?fk%ggﬂges CAd through

Cl2 can 1 e~ expresse afrons ( = FO1l/v (74)
Q02 = F02 7 =-F / 7 .= .

04/ v+FO31 Y FORT AR T T T8 Coe L Ros) voR0uly  EO% Ao RREF S 78) o6
= FOG/ VFgh{ VSE04L veEO0SLNSFORL Y, (£8)oolDing EORHULERS YtECR] v+FOM V+FO3/ v
(80) (@08 = F08/v+F07/v+FO6/ v+FO6/ v+FOD4/ v (81) ~ Q09 =

FO8/ v+FO07/ v+FOff vehFQd/ 36 (B2)t 12O e S084 Y WY/ voehO8{as (83 Cll =
FO8/v+FO7/v (84) Cl2 = FO8/v (8

5 background components 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 8606. The synthesized background

10 components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging tec 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.

15 In step S610, the synthesizer 603 ocutputs the
foreground component image. In Step S61l, the synthesizer
605 outputs the background component image. The processing
is then completed. |

As discussed above, the foreground/background separator

20 105 is able to separate the foreground components and the
background components from the input image based on the area
information and the mixture ratio o, and outputs the
foreground component image consisting of only the foreground
components and the background component image consisting of

25 only the background components.



The equatlon generator 803 generates an equation by noduf pergoeRe2004
dgenerated equations. The equations generated 25 by the equation generator
803 are indicated by equations 4 Cctober 2004 - 140 (86) though (97) . Q01
= 1F01/ v+0F02/ v+0F03/ v+0F04/ v+0F05/v  +0F06/ v+OF07/ v+O*F08/v (86) (02 =
1F01/ v+19F02/ v+OF03/ v+0F04/ v+0F05/ v 5 +0F06/ v+OF07/ v+0OFC8/ v (87) (C03 =
1F01/ v+1F02/ v+1F03/ v+0F04/ v+0*FO5/v +OF06/ v+0. FO7/ v+0F08/v (88) C04 =
1F01/ v+1F02/ v+1F03/ v+1* FO4/ v+OFCOo/ v — 406/ v+0F07/ v+OF08/ v (89) 10 CO5 =
1F01/ v+1F02/ v+1F03/ v+19F04/ v+1F05/ v +0F06/ v+OF07/v+0*F08/ v (90) C06
CFC&/v+1F02/v+1*F03/v+1F04/v+1F05/v +1F06/ v+0. FO7/ v+0OF08/ v (91) CO7

OF01/ v+O*f FO2/ v “08/v (92) C08 =
0F01/$+0F02/v+23&1::§'8%¥+ 4/v+19 D 0\{m]t1 ‘1%37; gﬁéb%!:vﬂ*cﬁg 93( o%)g =

0* FO1/ v+0 / 1. 0F08/ 94) 20 Cl10
= oFo1/ v+‘g‘%‘é %Q‘g‘ggséflg’%Fm €+%)F”8§§ areislai@%% ﬁ{%%w Fos/ vv(gs)) Cl1 =

0* FO1/ v+OF02/ vieQF 03 oy HEF QA yrd B Qi Aty r i FAG/ st RO H gy M Q8 19%6)o £

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 & in Fig. 56, for éxample, the unit of

20 processing generated by the unit-of-processing determining
portion 801 indicates consecutive pixels disposed in the
moving direction starting from the pixel corresponding to
the covered Eackground area of the foreground component
image until the pixel corresponding to the uncovered

25 Dbackground area, or indicates consecutive pixels disposed in



Cl2 = 0*FO01/ v+0F02/ v+0* FO3/ v+0F04/ v+OFCB/ v 25 +0OF06/ v+OF@7 bt b8/ v o027) |
4 Cbtober 2004 - 141 Equations (86) through (97) can be expressed by
equation (98). 08 g = Z aij F [/ v i=01 (98) In equation (98), |

designates the position of the 5 pixel. In this exanple, j has one of the
values from1l to 12. In equation (98), i designates the position of the
foreground value.. In this exanple, i has one of the values from1 to 8.
In equation (98), aij has the value © D371- according to the values of i
and j. 10 Equation (98) can be expressed by equation (99) in consideration
of the error. 08 ¢ =1 aij Fi v + e 1=01 (99 In equation (99), ej

desi gnat esy L 610! a600L2; Deds Lgrtggg 9280084 o1 PLY o fleodBniat | "
(99) can be modi 11°ed i At o equa Ion 0 ?
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-forming 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 value 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



I =01 (100) In order to apply the nethod of |east squaresy bheogawangogum E
of the error is defined as equation (101). 12 E | ej2 (101) j=01 20 In
order to minimze the error, the partial differential value using the
variable Fk with respect to the 4 October 2004 - 142. square sum E of the
“error should be 0. Fk is determned so that equation (102) is satisfied. E
12 aej = 2 dF k j=01 @ k 12 08 = 2- E{(G - aijFi/v)(akj/v) =0 j=01i=01
(102) In equation (102), since the anou®8 of movenent v is a 5 fixed val ue,
equation (103) can be deduced. 12 02 Zakj (G - laijFi/v) =0 J=01 i=01
(103) To expand equation (103) and transpose the terns, equation (104) can

be Obtainsgght types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
pixel from the left contains three foreground components,

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
vcontains five foreground compbnents, the seventh pixel from
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



12 08 12 (124 . a=,.Fi) =v>aV .c, j=01 1=01 j=01 (104) 1Q Bewatben20b@4) is
éxpanded into eight equations by, substituting the individual integers
froml1l to 8 into k in equation (104). The obtai ned ei ght equations can be
expressed by one matrix equation. This equation is referred to as a
"normal equation". 15 An exanple of the normal equation generated by the
equati on generator 803 based on the nethod of |east squares is indicated
by equation (105). 4 Cctober 2004 - 44B39F12 71 G. i=0B 11 543210
00 45432100 34543210 23454321 12345432 0
1234543 00123454 00012345F0 FO2

equation generated by the equation generator 803 when the

number of foreground components is 8, the number of pixels

corresponding to the unit_of preocessing is 12, the amount of

movement v is 5, and the number of virtual divided portions
5 1is 5.

When the foreground components contained in the
foreground component image corresponding to the shutter
time/v are F01/v through F08/v, the relationships between
FOl/v through F08/v and the pixel values CO1 through C12 can

10 be expressed by eguations (74) through (85).

C0l = FOl/v (74)

C02 = FO2/v+F01/v (75)

C03 = FO3/v+F02/v+FO0l1lv (76)

C04 = FO4/v4+FO03/v+F02/v+FO01lv (77)

15 C05 = FO5/v+F04/v+F03/v+F02/v+F01lv (78)
C06 = FO6/v+F05/v+F04/v+F03/v+F02/v (79)

C07 = FO7/v+F06/v+F05/v+F04/v+F03/v (80)

C08 = FO8/v+F07/v+F06/v+F05/v+F04/v (81)

C09 = F08/v+F07/v+F06/v+F05/v {82}

20 Cl0 = F08/v+F07/v+F06/v {83)
Cll = F08/v+F07/v {84)

" Cl2 = FO8/v (85)

The equation generator 803 generates an eguation by
modifying the generated equations. The equations generated

25 Dby the equation generator 803 are indicated by equations



FO3 F04 FO5 FO6 FO7 FO8 V. Y, G 1=07 10 09 08 (1Q@5ph&@bpkerCyigal3
06. 05 Y, G =01 J Wien equation (105) is expressed by Ate' =vE , C, A,
and v are known, and F is unknown. A and v are known when the .5 nodel is
formed, while C becones known when the pixel value is input in the
addition processing. By calculating the foreground conponents according to
the normal equation based on the nethod of |east squares, the error
contained in the pixel C can be distripuped. 10 The equati on generator 803
supplies the nornmal equation

(86) though (97).

Ccol

1eFO1l/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+QeF08/v (86}

C02 = 1eF(01/v+1eF02/v+0eF03/v+0eF04/v+0eF(05/v
5 +0eF06/v+0eF07 /v+0eF08/v (87)

C03 = 1eF0l/v+1eF02/v+1eF03/v+0eF04/v+0eF05 /v
+0eF06/v+0eF07/v+0eF08/v (88)

C04 = 1eF01l/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
+0eF06/v+0eFQ7/v+0eF08/v (89)

10 CO5 = 1eF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+0eF06/v+0eF07/v+0eF08/v (90)

CO06 = 0eF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+1eF06/v+0eF07 /v+0eF08/v (91)

C07 = (0eFO0Ll/v+0eF02/v+1eF03/v+1eF04/v+1eF05/v
15 +1eFQ6/v+1eF07/v+0eF08/v (92)

C08 = QeF0Ll/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eFQ8/v (93)

CO9 = 0eFOL/v+0eF02/v+0eF03/v+0eE04/v+1eF05 /v
+1eF06/v+1eF07/v+1eF08/v (94)

20 C10 = 0sFO1/v+0eF02/v+0sF03/v+0sF04/v+0eF05 /v
+1eF06/v+1eF07/v+1eF08/v | (95)

Cll = QeF01l/v+0eF02/v+0eFQ03/v+0eF04/v+0eF05/v
+08F06/v+1eFr07/v+1eF08/v (96)

Cl2 = 0eF0Ll/v+0eF02/v+0eF03/v+0eF04/v+0eF(05 /v

25 +0eF06/v+0eF(07/v+1eF08/v (97)



1
generated as di scussed above to the adder 804. The adder 48@¢t$@lc%. 2ased on
the unit of processing supplied fromthe unit-of-processing determning
portion 801, the pixel value C contained in the foreground conponent 15
image in the matri x equation supplied fromthe equation 4 Cctober 2004 -
144 - generator 803. The adder 804 supplies the matrix in which the pixel
value Cis set to a calculator 805. The cal cul ator 805 cal cul ates the
foreground conponent Fi/v fromwhich Ititi-on blur is elimnated by the
processing 5 based on a solution, such as a sweep-out nmethod (Gauss Jordan
elimnation), so as to obtain Fi corresponding to i indicating one of the
integers from ; i i piaggl Vv e fr ich.notion blur is
el i m nat ed. Th]-:‘:]eq&ai:)tajl%crluﬁy\/na{8?;5 8%?({%% a()glj7te)puc‘ta§4t e T r3'"ee\g;grqsoeu&n(1b Yconponent i mge
10 consi stingr Pbnt pegpi xel values Fi wi thout nmotion blur, such as that in
Fig. 58, to a notion-blur adder 806 and a selector 807. In the foreground
conponent i nmagesw t hout notion blur shown in Fig. 58, the reason for
setting FO1 +hrpuedt FE8 /v 15 CO3 through C10, respectively, ($8) not to
change t he posit on of the foreground conponent inmage with respect to the
screen. However, FOl1 through FO8 nay be set in any desired positions. The
not i on- bl ur adoerefifiich afds t o athdisindte ammupofc v ion dHar by addi ng
t he amount v' by which notion blur 20 is adjusted, which is different from
t he afounpixél novEmethis vexdrplexahphes dhe aboOund walbyswhieh Dogdon bl ur
is

12. 1In equation (98), i designates the position of the

foreground value. In this example, i has one of the values
from 1 to 8. In equation (98), aij has the value 0 or 1
according to the values of i and 7.

10 Equation (98) can be expressed by equation (99) in

consideration of the error.

8
Ci= D aij-Fi/v + ej (99)

i=01

In equation (99), ej designates the error contained in

the designated pixel Cj.

15 Equation (99) can be modified into eguation (100).
08 )
ej =Ci~ ) aij -Fi/v o (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)

§=01

20 In order to minimize the error, the partial

differential value using the variable Fk with respect to the



adj usted, which is one half the value of the amobunt of maveRBhey 20p4t he
anount v' by which notion blur is adjusted, which is irrelevant to the .
anount of novenent v. 25 For exanple, as shown in Fig. 59, the notion-blur
adder 806 4 COctober 2004 - 145 divides the foreground pixel value F

W t hout notion blur by the anmount v' by which notion blur is adjusted so
as to obtain the foreground conponent Fi/v'. The notion-blur adder 806

t hen cal cul ates the sum of the foregraued-5 conponents Fi/v', thereby
generating the pixel value in which the amobunt of notion blur is adjusted.
For exanple, when, the ampunt v' by which nmotion blur is adjusted is 3,

the pi xel 01) |_val t t
<F81ELS§)/%ﬁf%ehseump.x 1 P e 10 1 T (i e sassaieet an tne

pi xel val dé%f%ﬁcﬁsz (F%g+ Q%T@%ﬁ%fv . The notion-blur adder 806
suppl i es e fo egroun 3 oneént image in which the anount of notion blur
is adjusté&d 1o a Iec@%ﬂ 807 15 The sel ector 807 selects one of the

foregroudﬁk_conpo ?Jlﬁﬁge wi t hout notion blur supplied fromthe
cal cul at or 805 an ,the forgground conponent image in which thezamount of

.nmotion blur Ls ad S dfr th i bl yr adder 806 based on a
sel ection S|gnal flegt ﬁg?gig éihgg%ls?se eéﬁﬂon Hand out puts the :

sel ected foreground conponent image. As di scussed above, the notion-blur
adj usting uni tnl8Guation (102), since the amount of movement v is a
5> fixed value, equation (103) can be deduced.

12

ag .
Daki-€i- D aij-Fi/ v} =0 (103)

=01 i=01

To expand equation (103) and transpose the terms,

equation (104) can be obtained.

12 08 12
2. (aki- Y aj-Fiy=v alj-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'gs a "normal equation".

15 ‘ An example of the normal equation generated by the
equétion generator 803 based on the method of least squares

is indicated by equation (105).



Is able to adjust the anount of notion blur based on thes sgl@giionggigzgnal
and the anount v' by which notion blur is 25 adjusted. 4 October 2004 - .
146 Al so, for exanple, when the nunber of pixels corresponding to the
unit of processing is 8, and the amobunt of novenent v is 4, as shown in
Fig. 60, the notion-blur adjusting unit 106 generates a matrix equation
expressed by 5 equation (106). FOs 71In i=0543210F01 34321
FO2 23432F03 12343F04 014434 1M507 FCG i~04 06 (106) In
this manner, the notion-blur adjusting unit 106 calculates Fi, which is

t he pi xel value in which the anbunt 10 of notion blur is adjusted, by
setting up the equation in accordancj% ith]the length of the unit of
processing. Simlarly, for exanple, Cihe nunber of pixels contained

i=08
11
] o > ci
5 43210 0 ofrFo1 107
4543210 0fFo2 Y ci
345 432 1 0/Fo3 ey
2 345 43 2 1|Foa i;Ci
12345432F05_v'§c, (105)
] 1
01 2 3 4 5 4 3|roe i=04
. a7
00123 45 alrFe7 Y i
[0 0 0 1 2 3 4 5|F08] “oe
d.ci
i=02
05
2.ci
_i=01 |

Whep equation (105) is expressed by AlF=v(lC, 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 abbve 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 the unit of processing is 100, the equation correspondi g+JdiR100 R xels
is generated so as to calculate Fi. 15 Fig. 61 illustrates an exanple of .
anot her configuration of the notion--blur. adjusting unit 106. The sane

el enents as those shown in Fig. 55 are designated with |ike reference
nuneral s, and an explanation thereof is thus omtted. Based on a selection
signal, a selector 821 directly 4 Cctober 2004 - 147 supplies an input
moti on. vector and a positional signali44hereof to the unit-of-processing
determ ning portion 801 and the nodel-form ng portion 802. Alternatively,
the selector 821 may substitute the magnitude of the nmotion 5 vector by

t he anou n plur js a ust ed, and then supplies the
not i on v[ektefnerabé/cfvw%og’hpgg[ﬁ} (?rfgd seiog% Rihehshfthe Marte ignidt efishocessi ng
det erm ni 410151891 and, th del -farm.ng unit 802. Wth this
arrangems:dril{t13 FECQLh}‘ge lu% Cgrlc?cesg % &‘31 q:rﬁ g?oﬁortl on 801 through the

cal cul ator 805yl cmsulg%ssopogl emﬁgg%' g, N r§§g8gg St o

able to adjust the anbunt of nofr1aon i naccor

movenent p ANG e WATRIN o 1 oY b‘i’fHIC*lsm?esl %Qg&éc‘r%g By % ﬁsﬁtp%gssg%m ch

exanpl e, when the anount of novenent

Tt i 05 blidisded adialsoadhelitnd, <ih Al el O8RS ARG RLILNG porti on
801 through the cal cul atorn 885 of at hea rmtele(e){l 5 %‘O(éstl ng dnit 106 shown

in Fig Gbrexecelaemespibali orconst e B@rt%%owd c%%e%%%mg' gB9e in which
t he amount of novement v is 5 shown in Fig. _
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 thgt 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 F01 through FO08 in
15 €03 through C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, FOi throﬁgh F08 may be set in any desired positions.r
. 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 80§



20 57 according to the nodel shown in Fig. 59 in which tlheocagbert 2904by
which notion blur is adjusted is 3. As a result, the inage containing
notion blur having the anobunt of novenent v of (ampunt of novenent
v)/ (amount v' by which notion blur is adjusted) = 5/3, i.e., about 1.7 is
obtained. 25 In this case, the cal cul ated i mage does not contain notion 4
Cct ober 2004 .- 148 blur corresponding to the anount of novenent v of 3.-
Accordingly, it should be noted that_t rel ati-onship between the anount
of nmovenent v and the anobunt v' by whic notion blur is adjusted is
different fromthe result of the 5 notion-blur adder 806. As discussed
above, the notion-blur adjusting unit 106 generates the equation in
accor dancel v des t Hee adipdroind ek ntaluanti twethait roftiproddssi iy, and
sets the pixel values of the foreground conponent image in the generated
10 equat i &M FPRIEDY ¢ dPE T Fhgne heen dr ByF o%@@iﬂﬁkﬁ?grﬁo iFfFade® in which
t he anmount, of. notion_blur is adjusted. The_}:)rpcessi ng for adjusting the

e

amount  of "R LA U T RBIRR RSP TRP RS £} EhT ound g o itfage execut ed

by the nption- r..adjusting unit 106 is described below with 15 reference
to the flao(é\%en r%jdé;ftl}f?%.caﬁlf HEY P ssui ¢ etktﬁigq’iﬁq’iﬂ%ssi ng

deLer 8 Sl BRLILET RS o P B P A U, 0 e s
| nf or mat i%%@;%?%%%.é%&&% BAE Y ladfu il OFS Bihrdd "
when, the amount v' by which motion blurAis adjusted is 3,
the pixel value C02 is set to (F01l)/v', the pixel value c3
is set to (FO01l+F02)/v', the pixel value C04 is set to
10 (FO1+F02+F03) /v', and the pixel value C05 is set to
_(F02+F03+F04)/v'.

The motion~blur adder 806 supplies the foreground
compopent image in which the amount of motion blur is
édjusted 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 émount 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 S802, the nodel -form ng portion 802 of the notianddudbeadpusiai ng
unit 106 selects or generates the nodel in accordance with the anount of
novenent v and the wunit of processing. In step S803, the equation
generator 25 803 generates the nornmal equation based on the selected 4

Oct ober 2004 - 149 nodel. 1In step S804, the adder 804 sets the pixel

val ues of the foreground conponent image in the generated normal equation.
In step S805, the adder 804 determ nesaghether 5 the pixel values of all
the pixels corresponding to the unit of processing are set. If it is
determ ned that the pixel values of all the pixels corresponding to the

unit of process g Are e@(%%\lﬁ%t tlple glg%l&:)ﬁstsﬁrgeﬁfgr nﬁﬂsto step S804, and

the processing for settin he plxe valu equatlon is

repeat ed.ed frddpdiiiet cr g8 5180 RSN WL & K i Rrasi o

t he pixels correspon |ng to the unit proces ar & ess
proceeds do wdw@meB06, 1 £1en %ﬁﬁﬁm h%{ Cléoat OJheSQn t%' d at es the
| Cc

pi xel val ues of the 15 foreground in he dnount |on ol ur is

adj ust ed adjased N doiie: N TR erRAUAHOR i 4hiLCh | re set
supplied from.t he adder BO(T%JGThe processing is qﬁg%lm(%gp p\iae %'%% %

di scuSsecdkcateavienn t i@ ayoti on- bl ur adjusting unit 106 20 is abI e to adjust
t he amount of notion blur of the faoreground i nmage containing notion blur

based on ‘the notion ZC
) 1

"05

4 3 2 1 OfFo1] ZCi
3 43 2 1}F02 {=04

0
23 43 20F03| = v .|} ci (106)
1 23 4 3)F04 %5 |
0 1 2 3 4]F05 2. ci

- - = i=02

04
Y ci

Li=01

in this manner, the motion-blur adijusting unit 106
calculates Fi, which is the pixzel value in which the amount

10 of motion blur is adjusted, by setting up the equation in
accordance with the leﬁgth 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 conflguratlon
of the motlon—blur adjusting unit 106. The same elements as
those shown in Figf 55 are designated with like réference
numerals, and an explanation thereof is thus omitted.

. Based on a selection signal, a selector 821 directly



vector and the area information. That is, it is possible4 @cadpest 20ha
anount of notion blur contained in the pixel values, that is, contained in
25 sanpl ed data. 4 Cctober 2004 - 150 Fig. 63 is a block diagram
illustrating another exanple of the configuration of the notion-blur
adjusting unit 106. The notion vector and the positional information
thereof supplied fromthe notion detector 102 are supplied to a 5

uni t-of - processing determ ning portion; 9§91 and an adjusting portion 905.
The area information supplied fromthe area specifying unit 103 is
supplied to the unit-of-processing determ ning portion 901. The foreground
conponent i mage supplied fromthe foreground/ background separator 105 is
10 suppl i E4FP lESCQPCHPEFBrm9@&°nTﬁ@CEﬁFtaBﬁ prBeessiapadeseonithi ng portion.

901 genera tes &ng ht of .progessi ng based .on the notion vector and the
posi ti onal" ?5?8 Pi b tH%? oP FaRbCtHias APEad e FRFBHARY oROT BheR s8dbl i es t he

Sith che RbH 58 pBRRTTES HentonerFafnlig: pobt FoRn868 P bFmethe moael based
7o, thenmPHLOPRIECLE, B0 OB S B BLaB BT Sl R B
b L L e U RS T
time .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
mqtion—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



direction, and the nunber of foreground conponents of ea¢hocpbkel, 2and
selects a nodel indicating the relationship 25 between the pixel values and
t he foreground conponents, such 4 October 2004 - 151 as that shown in-Fig.
64, based on the unit of processing and the nunber of virtual divided
portions of a pixel value in the tinme direction. For exanple, when the
nunber of pixels corresponding to 5 the unit of processing is 12, and when
t he amount of novenent v is 5, the del -fornming portion 902 selects a
nodel having the nunber of virtual divided portions of 5 and consisting

of, on the whole, eight foreground conponents. In the selected nodel, the

| eft nost _pi xel contains one 10 foreground conponent, the second pixel from

the left SRR Hode Fo bl EaipBrents mavrmarti rd qfi &l from t he
| ef t con&g@ns .hree fqre%round conponents, the fourth pixel fromthe left
cont ai ns &?F%ggﬁr'odﬁ Toshéq fotate That Hheisadationaime | eft
cont ai ns five'fo&gg;ound onponents, the .15 sixth pixel fromthe |eft
r

cont ai ns FiWE Fordidr STt Sp SRIRTIENY e a0kl dilteh GHAUAT ot e iickf t

contains _fi regr.ound._.conponents,, e ei h pixel fromthe |eft
cont ai ns itﬁ’- f@?é‘%?&ﬁnﬁgé'é‘ Sitents ,d"[f[r%rrﬁr}ﬁ?rﬁ“ﬁéﬁ‘hef rERAvltthef dhe

cont ag ns W Qui,.f oregr aund cgpponents, the tenth 20 pixel fromthe left
contains three oregroung conponents, the eleventh pixel- fromthe |eft

contans {wo hQregoundeacoRRORSNtA. ABY:bRSH1NE! LKL Lom 1he et
generates the equation in accordance with the amount of
movement v and the unit of processing, and sets the pixei
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 thé
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 5803, the equation generator

25 803 generates the normal equation based on the selected



I nstead of selecting a nodel from prestored nodels, the 2%smRdRl- bona ng
portion 902 may generate a nodel when the 4 Cctober 2004 - 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
based on the nodel supplied fromthe nodel-form ng portion 902. 5 A
description is now given, with reference to the nodels of foreground
conponent images shown in Figs. 64 thy{pggh 66, of an exanple of the
equation generated by the equation generator 903 when the nunber of
foreground conponents is 8, the nunber of pixels corresponding to the 10
unit of processing is 12, and the anount of novenent v is 5. Wen the
foregrounﬂoéﬁllrponents contained in the foreground conmponent image.
corresponding to the shutter tinme/v are FO1/v through FO8/v, the
rel ati onshi ps Hetwedh SHEHY VERh s BB et i aixadl vaduedl athr ough C12
can be 15 épﬁessed bx eguati ons (742l through (85), as stated above. By
consi deri E§ t hRRTFPXRIIG aF ORRRORGD T 2B €S 130 ¢ ARe pysRerated (RP¥m@L cont ai ns
only the { tEound co nen $8lv as . .exp sed, by equation (107), and
t he pi xel %ggﬁ 11 g%gf‘)%?sé% Qt hEPpr addet éﬁ?‘n ‘g‘?tef%%nf%? SRBUHRFE conmponent
20 FOg v g% he foreground.c o] t_FO7{v. Accordingl t he  foreground
conponent E 7#v (_(e:a_n %gm?%u%(fj %@eﬁﬁ%t?%}ﬁe io%?]?re%%?‘g“}-—/‘j & WA For/v =
Cl1-C12 (488)rodhBLiAg! ¥re bYaLONSEACI{ NG; 1HE L AR GALOUNC COTRONENLS
values of all the pixels corresponding to the unit of

processing are not yet set, the process returns to step 3804,

and the processing for setting the pixel values in the
10 normal eqguation is repeated.

If it is determined in step S805 that the pixel values
of all the pixels corresponding to the unit of processing
are set, the process proceeds to step S806. In step S806,
the calculator 805 calculates the pixel values of the

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

b;ur contained in the pixel values, that is, contained in

25 sampled data.



25 contained in the pixel values Cl10 through 1, the 4 @iRbhemw2004os 15
3 foreground conponents FO06/v through FOl1/v can be found by equations
(109) through (114), respectively. FO6/v"= Cl10-C | (109) FO5/v = C09-C10
(110) 5 FO4/v = C08-C09 (111) FO3/v = CO7-CQ08+Cl2 (112) FO2/v =
C06- CO7+Cl11-C12 (113) FO1/v = CO5-C06+Cl0-Cl1 (114) The equation generator
- 903 generates the equations for 10 calculating the foreground conponents
by the difference between the pixel-vdges, as indicated by the exanpl es
of equations (107) through (114). The equation generator 903 supplies the
generated equations to the calculator 904. The cal cul ator 904 sets the
pi xel values qf. the_ 15 foregrouynd .conponent image in the equations supplied
from the equgtlpdn%g?’eﬁgrgtg’aoﬁe% M o Igdtsdine t il amertdgro gF@mple
conponents Rased. gn-t he equati ons .i n which _ghlg i xel values are set. For
exanpl e, C%nen equogﬁl&%ra(acl PhrdtigH ey ‘1‘% AT I bk 1306 equat i on
gener at or03, 65 q;aelhézttgrat 0,904 sets the pixel values Q05 through C12
in equations (10 t rougﬁq{dll © TR eftrg#ro%t% cdtehssst t he
for egr oungigAnRENeN S, BASeRL QL t}g%%cg@qtf i.n which the pixel values are
set. For exanple, the cal cul ator ca-cﬁ]rtgzt 65" % hSeupfp&’]eedjr athd
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—pfocessing 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 te 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



25 conponents FA /v through FO08/v, as shown in Fig. 65, hasrddhdetaoher
2004 - 154 on the calculations of equations (107) through (114) in which .
t he pi xel values Q05 through Cl2 are set. The cal culator 904 supplies the
foreground conponents FO1/v through FO8/v to the adjusting portion 905. 5
The adj usting portion 905 nultiplies the foreground. conponents supplied
fromthe cal cul ator 904 by the anbunt of novenent v contained in the
notion vector supplied fromthe uniL-Qg-pLoceSSing determ ning portion 901
so as to obtain the foreground pi xel vaﬂues fromwhich notion blur is 10
el i m nated. For exanple, when the foreground conponents FOLl/v through
FO8/v are supplied fromthe cal culator 904, the adjusting portion 905

mul ti pl es 3@adhadt stywenf dne§iound 4 cbapedents thel iwithpdugroEe@8kinhy t he
amount of novenent v, i.e., 5 so as to obtain the foreground pixel values
FOL 15 t hPSSgRE08UmbsH R YA TiBeLoALBEded Posltisnsapéda asxshowaluen Fig.
66. The ad'ug&%ng. ortion 905 supplies the foreground conponent inage
consi sti ng“of-*fh r 84F6GHACPi-xel val ues wi thout notion blur cal cul at ed

as described apove to a, 20 n@tion%blur. adder 906 and a sel ector 907. The
moti on- bl ur add®F BHEPLE apf SR ot B AT he SrntHEl s oFoFResRARBIRY By usi ng

(e et LR BLigE Bl 1be Sdhushed il s iteren from
is 25 adjHﬁb@ﬁen@hbcgsi§,Ogﬁehﬁgéeib%o¥%kﬂg Bgr%ggnagBHngeggcts a
model having the number of virtual divided portions of 5 and
consisting of, on the whole, eight foreground compdnents 
In”ﬁhe seiected model, the leftmost pixel contains one
10 foregrqund 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
éomponents,‘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 contaihs three foreground components,
the eleventh pixel from the left contains two foreground
components, and the twelfth pixel from the left contains oﬁe
foreground pixel.
Instead of selecting a model from prestored models, the

25 model-forming portion 902 may generate a model when the



4 Cctober 2004 - 155 novenent v, or the amount v' by whisClhycRtie@n olbloyr is
adj usted, which is irrelevant to the anount of novenent v. For exanple, as
shown in Fig. 59, the notion-blur adder 906 divides the foreground pixel
value Fi w thout notion blur by 5 the amount v' by which notion blur is
adjusted so as to obtain the foreground conponent Pi/v'. The notion-blur
adder 906 then cal cul ates the sumof the foreground conponents Fi/v',
t hereby generating the pixel value ingich the amount of notion blur is
adj usted. For exanple, 10 when the anpunt v' by which notion blur is
adjusted is 3, the pixel value G2 is set to (FO1)/v', the pixel value C3
is set to (FO1+F02)/v', the pixel value C04 is set to (FO1+FO2+FO03)/v',
and the PIKEOVAUETHPIS e yrit (FDPTORFOUT \axe 11l arbt ikesds ur
adder 906 supplies the foreground conponent image in which the anmount of
noti on bl ﬁ‘ge MR SPTPT RS et i 9t PRREeE i or 907 sel ect s
ei ther the foreground. conponent i W t hout notion blur supplied from
igh e P 5

the 20 adj ustihg POt G561 rve EGrGERd SComBoRaNPLRBgESRI whi ch
Lpe amounin 9L Bl e o 2upblL e Lo, L oL ol ur adder
e o5 o SRR O TROOSA TR SRR e e
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 is 8, the number of pixels corresponding to the
10 unit of processing is 12, and the amount of movement v is 5.
- When the foreground components contained in the
foreground coméonent image corresponding to the shutter
time/v are F01/v through F08/v, the relationships between
FO0l/v through F08/v and pixel values C01 throuéh Cl2 can be
15 expressed by eguations (74) through (85), as stated above.

By considering the pixel values Cl2 and Cll, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equaticn (107); and the pixel value Cl1
consists of the product sum of the foreground component

20 F08/v and the foreground component FO7/v. Accordingly, the

foreground component F07/v can be found by equation (108).

FO8/v = C12 : (107)

FO7/v c11i-ci1z2 (108)
Similarly, by considering the foreground components

25 contained in the pixel wvalues C10 through C01, the



- 156 is able to adjust the anmbunt of notion blur based mddberselg@etion
signal and the anmount v' by which notion blur is adjusted. The processing .
for adjusting the anount of notion blur 5 of the foreground executed by
the notion-blur adjusting unit 106 configured as shown in Fig. 63 is
descri bed below with reference to the flowhart of Fig. 67. In step 5901,
the unit-of-processing determning portion 901 of the notion-blur

adj usting unit 106 generates 10 the unitz0f processing based on the notion
vector and the area information, and supplies the generated unit of
processing to the nodel-form ng portion 902 and the adjusting portion 905.
In step 8%02, t he gndel-forning ﬁortion 902 of the 15" notion-blur

adj ust i ng-BAFEr 8B EPBRPREBESgBRES ¥t EBrPHE KB4V @eeobei figund bhe anount
of novenent v, and t it, of proc ing. In step S903, the equation
generatoreéﬁﬁtlﬁgﬁe?§9gg,£B§§B hoﬁfiaé'sEF%EF%HlB?lgenerated.nDdeI, t he
equations for ul at i foreground conponents by the 20 -difference
bet ween t he piie ﬁ@degggéiﬂfhe foreground conponent inéégg)ln step S904,
the cal cul at orp §DA; set jga i xel values of the foregroung conponent i mage
in the generated equations,” and-extracts the foreground(é ﬂbonents by

using st he 25 didfaren )€ en the pixel values based o e equations 4
Cct ober 2004 - 15/736 GRS . L ?15?) :

F03/v = C07-C08+C12 : (112)
FO02/v = C06~CO7+C11-C12 (113)
F01/v = C05-C06+C10-C11 (114)

The equation generator 903 generates the equations for
10 calculating the foreground componentsrby the difference
between the pixel wvalues, 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 eqﬁations (107) through (114)
are supplied from the egquation generator 903, the calculator.
20 904 sets the pixel values CO05 through Cl12 in equatioms (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 F0l1/v through F08/v, as shown in Fig. 65, based



in which the pixel values are set. In step S905, the calic@adoHer9%oa
determ nes whether all the foreground conponents corresponding to the unit
of- processi ng 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. If it is determned in
step S905 that all the 10 foreground gpmonents 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
conponents FO1/v through FO8/v_supplied fromthe cal culator 904 based on
the amount™ of *HovAEHEME VY 195F RAYF-NRI L He Horargouhid i ¥iel val ues
FOL/ v thrw%‘ﬂ% Ft /v_. from which rm%i n blur is elimnated. In step S907,
the moti oh-bf ur %Ia‘%lrx%é’%%lcaq SHHHPIR &g rtm P § xel Thaal ues i n whi ch
the amount %u%écinprb&)‘i ur ils. anj se'ge and t‘{;&ﬁ sel ector .907 selects the
i mage Wit hou ot 1 on DI O1° the | W Rthi HRMeE D R /6F noti on
blur is @adj dz ut.qut s t.he .sel ect eqi.i ma The processing is then
of c{ . .
conpl eted. As escrljl}gfoat}gl\%e,a e Wotd BB &) Ust | ng unit 106
configured asghowniRiELg 83 ¢i5,2B08 [Q10RLS ;SRe gil 25 adjust notion
blur of the fo_regroang f’n%gg _corthg"l Al Ng ot | %ﬁil%gc% Sh&PTEE82UR158 bl ur
accor di NGdnh et M LT RHPURLE YN -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 obtaiﬁ
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 F0l/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 cdnsisting 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 bylusing 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



A known technique for partially elimnating notion blur, 4 suehras agdener
filter, is effective when being used in the ideal state, but is not .
sufficient for an actual image 5 quantized and containing noise. In
contrast, it is proved that the notion-blur adjusting unit 106 configured
as shown in Fig. 63 is sufficiently effective for an actual inage

quanti zed and containing noise. It is thus possible to elimnate notion
blur with high precision. 10 As di scusse¢l above, the inage processing
apparatus configured as shown in Fig. 2 is able to adjust the amount of
nmotion blur contained in the input image. Fig. 68 is a block diagram
iIIustrating anot her configuration of the function of the inage processing

15 appar at'GESMTRE Bt eNentRSsPRAPFRF Yo ProERIGROUAtION FPhur 2isre
desi gnat ed .mﬁ{h like. reference nunerals, and an explapation thereof is
thus . omi TT#d %ﬂe_g?%%hsb%c+¥§?£ﬁvﬁﬂFttﬁo %u%%@?%g AF BTt on 20
e BB S LR, ol HA 00 2, LS AP0, o0
o SO ound PSS MO LIRS 08 I8 £ AR OB
g0 he e rony Whien SRS R T ALY, 06s
suppl i ed ébeMd hene Foreground component Fi/v'. The motion-blur
adder 906 then calculates the sum of the foreground
componenté Fi/v', thereby generating the pixel wvalue in
which the amcunt of mofion blur is adjusted. For example,
10 when the amount v' by which métion blur is adjusted is 3,
the pixel value C02 is set to (FO01)/v', the pixel value C3
is set to (FOl+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



f oregr ound/ background separator 105 based on the m xture s it SWpRl | ed
fromthe mxture-ratio calculator 104 and 5 the area information supplied
fromthe area specifying unit 103, and outputs the synthesized inage in
whi ch the-certain background i mage and the foreground conponent inage are
conbined. Fig. 69 illustrates the configuration of the 10 synthesizer 1001.
A background conponent generator 1021 generates a background conponent

i mage based on the mixture ratio a_andg -certain background i mage, and
supplies the background conponent inage to a m xed-area-inage

synt hesi zing portion 1022. 15 The m xed-area-i mage synt hesi zing portion

1022 conbi ne th}ba kground conponent i nmage supplied fromthe background
conponentlsge&ﬁ%]reat i T 19RO YT fr S b RidHeasathgy W as to

generate m xed- area synthesi zed i mage, and supplies the generated

ni xt ur e- as%elaec)s?cylncflhessli ﬁ?éget%eo aé‘f?‘gito A rrgﬁé Wi fthh & B iy o iden 1023.
The inag%dﬁug§$?izer 1023 conbi nes the foreground conponent inage, the
m xed- area "synthesi zed i mrage supplied fromthe ni xed-area-inmge

hesi zi ' ; : .tai n, back d_i based h
aea i nf or mat Fan aoghtsengo s Af1pEEIhE Rl eR R e BB e Bl bt 11

area information So as 0 gener yn

4 Cctgbelo 2097 £l rouit USHSS t;hesizer 1001 is .able to
conbi ne t he for egr ounc cong%%%nt ?ﬂé’eq¥§%ﬁkggé§¥?£fﬁ: Rgrdigndtittage.

106 configured as shown in Fig. 63 is described below with
reference to the flowchart of Fig. 67.
In ste§ S901, the unit—of—processing determining
portion 901 of the motion-blur adjusting unit 106 generates
10 the unit of processing baéed 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 forégrdund
component image.
In step 5904, 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



The i mage obtai ned by conbining a foreground conponent 3 ip@ag®an biyoa
certain background i nage based on the m xture ratio a, which is the
‘feature quantity, appears nore natural conpared to an inmage obtai ned by
sinply combining pixels. Fig. 70 is a block diagramillustrating stil

anot her configuration of the function of the inage processing 10 apparatus
for adjusting the anmount of notion blur. The inage processing apparatus
shown in Fig. 2 sequentially perforus g-he area-specifying operation and
the calculation for the mxture ratio a. In contrast, the inmage processing
apparatus shown in Fig. 70 sinultaneously perfornms the area 15 specifying
operation,and the calculation for the mxture_ ratio a. The functional

el ement s SPnltafht GREnBEEet nvehided| ¥k SEF agr Hin BFeli P02 afke desi gnat ed
with like referenpce rals,.,and an expl anation thereof is thus onitted.
20 An | npSELPREREoFsoRapErLeaitics TS thr. 45t i Ohe cHt CPERd 1101, &

foreground/ background separator 1102, the area.specifyin nit 103, and
he' o) ect PBBeT RPN ERPIbEAGInd 1S thsirun £ SF BFEerai th dreva dren

cal cul at egxtpgﬁﬁg?pn I%hgti {?u&e{ |lﬁ%e rﬁl%e‘%témtt dei i x%egélgoéa io when it

is 25 assuned each prxel conia e T'npu gs 4

Cct ob 2 = aﬁ%QrﬁHDQ i est i mat.ed
nixtu?g rggégon ensitgf%9§%§%%§%§?ﬁgt eac p|£€¢%%gﬁ%%%ﬁé_iq$%?n?otinput
i mage belpggs Eecthecscovrs edrbackaraund-o eg A, $IHPP) i 87y thg estimated

m xture ratios cal cul ated as
processing for extracting the foreground components is

repeated.
If it ié determined in step 5905 that all the
10 foreground components éorresponding to the unit of
processing have been extracted, the process proceeds to step
5906. 1In step S906, the adjusting portion 905 adjusts eéch
of the foreground components F01l/v through F08/v supplied
from the calculator 904 based on the amount of movement v S0
15 as to obtain the foreground pixel values F0l/v through F08/v
from which motion blur is eliminated.

In step S907, the motion-blur adder 906 calculates the
foreground pixel values in which the . amount of motion blur
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



5 described above to the foreground/ background separator z41502cpek @004l i S
a block diagramillustrating an exanple of the configuration of the .
m xture-ratio calculator 1101. An estimated-m xture-ratio processor 401
shown in Fig. 71 is the sane as the estimted-m xture-ratio processor 401
10 shown in Fig. 30.. An estimated-m xture-ratio processor 402 shown in
Fig. 71 is the sane as the estimted-m xture-ratio processor 402 shown in
Fig. 30. The estimated-m xture-ratiaq py rggace§sor 401 calcul ates the
estimated m xture ratio for each pixel by the 15 conputati on correspondi ng
to a nodel of the covered background area based on the input inmage, and
outputs t cal cul ated estimated m xture ratio. The

esti mat eob IXtIFLRTHRID 1 ctoRber /opgretier®s the estimated mixture
ratio for eacgh |er by the 20 conputation corresponding to a nodel of the
uncovered b %‘i}érélcﬂé%eﬁo’énpf“ﬁElﬁﬁb&t eiligBating wotpansbihe,

cal cul at ed stl mat %ijf m Xt u ratio, foreg%ound/ background separ at or

1102 generacf A% He 1'derc'on’p% ¢l ThgmReET isad iimagdiebased
on the eetl £d erturer ti IcuI when it is assunmed that 4
Cct ober %0% é% G Iboarr Jt%l‘?rﬁre ]g%‘?/&%da B rOGIE ar ea
el e RS Ui el
ngive;ﬁé&%%‘%wﬂ ﬁ%%@d;%éfﬁ“&rﬁft SLdH XY 1gruq:teldo aCsal %%Lﬁ%t or
in Fig. 63 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
éliminate 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 referencernumerals, 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.



supplied fromthe area specifying unit 103, and suppli es 4t loetofpeire 24t0ad

f oreground conponent image to the notion-blur adjusting unit 106 and .
t he-setector 107. Fig. 72 is a block diagramillustrating an exanple of 10
the configuration of the foreground/ background separator 1102. The el enents
simlar to those of the foreground/ background separator 105 shown in Fig.
47 are indicated by |ike reference nunerals, and an explanation 15
thereof is thus omtted. A selector 11P5d selects,. based on the area
information supplied fromthe area specifying unit 103, either the
estimated m xture ratio calculated when it is assuned that the pixe

bel ongs to the covered background area supplied 20 fromthe m xture-ratio

cal cul at or 1101 SrS¥HE STt ety ! ROMUMET & i TR dubacdanmad it is

d that the. pixel | to th d_back d i ed
From the gt arsthFhe Ereararet SIISNERY VUBET | SRR ot e

esti mat ed:ni i 0 the separating rtion,601 as the 25 m xture
ratio a. Eg%%%gég?ég%%ﬁkér %%ﬁ ﬁ?é?%% %fa%?%db?EﬁQi?ﬂl BT HSE s the

f oregroun 0 . and ' conmponents fromthe pixe|l val ues
of the pi gglcgglr)rgl 0 ?\Jgg?of%%g %@gﬁg{%ﬁgﬁe b‘g%qél o%af?lﬁ%ai}ﬁ&ﬁpr‘g ar”a?li 0 a

suppl ised fremide ﬁf@ﬁaﬂia&%@m@% 8% | SO MBI Ok, 300 SRl 1 es

the extracted foreground conponents to t he synt hesi zer arrd Wi

supplies I@@, 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 ® 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
compoﬁent generator 1021 with the foreground component image
S0 as to generate a mixed-area synthesizéd image, énd
supplies'the generated mixture-area synthesized image to an

20 image synthesizing portion 1023.

The image synthesizer 1023 combines tﬁe 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.



f oreground -conponents to the synthesizer 605. The separatdi g tR®d omo@0l
can be configured simlarly to the counterpart shown in Fig. 52. 10 The
synt hesi zer 603 synt hesi zes the foreground conponent image and outputs it.
The synt hesizer 605 synthesizes the background conponent inage and out puts
it. The notion-blur adjusting unit 106 shown in Fig. 70 can be configured
simlarly to the counterpart shown in Fig. 2. 15 The notion-blur adjusting
unit 106 adjusts the ampunt of notiaon r_contained in-the foreground
conponent image . supplied fromthe foreground/ background separator 11Q2
based on the area information and the notion vector, and outputs the

f oreground conponent inmage in which the anount of nDtlon 20 blur is
adj ust ed. The AselBEBISSER adipyen itherisynthesdaleactidOithes fablegraund

conponent i e supplied fron1the f or egr ound/ background separator 1102 or
the foredr ‘B@%ﬁl 'Ggi e FIPRMISEH: tieegmounith of gwttiam blur is 25
adj usted .s lied ron1the nDtlon bl ur adjusting unit 106 4 Cbtober 2004 -
164 based ¢¥)¥?ﬂ e, a selectlon signal reflecting a user's

sel ection, an% out uts tgg sel ed f%% rround _conponent inage. As
di scussed above<c aﬁPS i [§ &g&PﬁtGsf9r§ﬁ6ﬂﬁnﬂncpmgon¢ot|s abl e

_to adgpust;t t of t|o qur co talned in correspondlng to
a foregrounal(]aeeobj ec e]{rcﬁ L?(ap';t‘?@ §H—I"t ¢

foregroundtio ¢, which is the feature quantlty, appears more natural
compared to an image obtained by simply combining pixels.

Fig..70 is a block diagram illustrating still anothef
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 ﬁixture—ratio
calculator 1101, a foreground/background separator 1102, the
area specifying unit_103, and the object'extracting unit 101.

The mixture-ratioc 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



object image. As in the first enbodi nent, the inage processitd®eappanat us
shown in Fig. 70 is able to calculate 10 the mxture ratio a, which is
enbedded i nformation, and outputs the calculated m xture ratio a. Fig. 73
is a block diagramillustrating another configuration of the function of
the i mage processing apparatus for conbining a foreground conponent i nmage
with a 15 certain background image. The inmage processing apparatus shown
in Fig. 68 serially performs the area-specifying operation and the
calculation for the mxture ratio U. In contrast, the inmage processing
apparatus shown in Fig. 73 perforns the area-specifying operation and the
calculation 20 for the mxture ratio Cc-in a parallel manner. The

funct i onaltetBreRPYeERR ParkgsotRgsarradi eaflethBy esthvabbdcikintufeg. 70 are
indicated by.like reference nunerals, and an explanation thereof is thus
omitted. fﬁélﬁiy GPelftatfo2EPPGHaltBA 1208 sReHALI AOREgingd ipsthal cul ates,
based on &ge noti on v&c or ang thg positional 4 October 2004 - 165

i nf or mat i AP erB8PSaRGLPRES ABuFPPrHGECOVERE e FREFRINANRZRREr €%t i 0 when

cover od bARRH G0ad Hpeas L ARETl hPFRaFah: A xes BHFRERD RRen (1 1S
t 5.pl.xel i i i t 1 bel t
assured t bl #3605 L8l (GO0hal S0 LDobha /LORYL L age. bel onoe. Loy fe

uncover ed cKground area, and suppries estl

cal cul ated as glggcriped; aboyg, Lo cﬁ:t?géa% %M@@fr@ra%unedxfme&ag ator 1102

and a synthesizer 1201.
the configuration of the mixture-ratio calculator 1101.

An estimated-mixture-ratio processor 401 shown in Fiéf
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 compﬁtation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 402 calculates
the estimated mixture ‘ratio for each pixel by the
20 computation corresponding to a model of the uncovered.
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the
foreground component image from the input image baéed on the

25 estimated mixture ratio calculated when it is assumed that



The foreground/ background separator 1102 shown in Fig. 10o&grrenatpas the
foreground conponent image fromthe input inmage based on the estinated
mXxture ratio calculated when it is assumed that the pixel belongs to the
covered background area supplied fromthe m xture-ratio calculator 1101,
the estimated m xture ratio cal culated when it is 15 assuned that the pixe
bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal culator 1101, and the area inforpajgeon_supplied fromthe area,
specifying unit 103, and supplies the generated foreground conponent inage
to the synthesizer 1201. 20 The synthesi zer 1201 conbines a certain
backgroung imge wth the foreground conponent image supplied fromthe
f or egr oun P%a@k%?%u?%l%%%%rﬁ?th§192V95§édbéﬁkGh@ue§thnaaeduppixeﬂre ratio
calculategrmheghit i s, assuned, that_the Eixel bel ongs to the covered
backgr ound™&F e 5" uUPpF FRECTF oMt © he2bsuhiketr 8194t | Bheapetimabed 1101, the
estinatequl%§gre éﬁtio 41Cb oger 2004 166 cal cul ated when it i§ assuned
that the prxel Def dhy? T THe? CEACHIER etit bhd kgP stRead ableat sbpl pigeI r om t he
supplied fromthe

B g o AT LRGBS L o0 R o
P A B LA PO o FRES B AREIRLAE o T
element s sigplfdatOrdioste fled NHoLLAK M A AM 3 Fi Giq 02,30 desi,gnat ed
generated foreground component image to the motioh—blur
adjusting unit 106 and the selector 107.
fig. 72 is a block diagram iilustrating 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 sele;tor 1121 selects,lbased on the area ihformation
supplied from the aiea'Specifyiﬂg unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs té 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 O.



10 reference nuneral s, and explanation thereof is. thus o tkedperAzgelsect or
1221 sel ects, based on the area information supplied-fromthe area )
specifying unit 103, either the estimted mxture ratio calculated when it
is assuned that the pixel belongs to the covered background area supplied
15 fromthe m xture-ratio calculator 1101 or the estimated mxture ratio
calculated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe mixjgge-ratio calculator 1101, and
supplies the selected estimted mxture ratio to the background conponent
20 generator 1021 as the mxture ratio a, The background conponent
generator 1021 shown in Fig. 74 generates a background conponent inage
based on the TFiRtEPRAFAEI BT aPTHPPR O} rontTaetsetheet Grra@Xumhd a
certain background i mge, and supplies the background 25 conponent inage to
the m xedSPBANFRE§e BYnthesParkgTpERE] 6AMROREREBef ToD0OBhe RBZ1022. The
nfxed-areaéhna e gynhheslzigg ortion 1022 shown in_ Fig. 74 conbines the
backgr ound Bﬁgoﬁ nt"PrByde pE?#BBgngoﬁPtFEebEEK@?oﬁﬁﬂac%ﬁﬁ%ﬁeﬁﬁ
gener at or 21.with the 5 foreground c onent i e so as_to generate a
nixed-aregﬁgs?ﬁ%%gngEat?ﬁage?ggﬁgl?ﬁpggggsﬁgﬁesgg%%F%Fealﬁix%ﬂdaF%%
synt hesi zgd Lmage 10 8 i S nt?esiz' ortio 0%3. The i mage
synt hesi zi'Ag por??ona& g%’ggﬁgiﬁegp ﬁ%sf%Egggﬁéﬁﬁcgﬁ RERTTPWRGe, the
m xed- ar egofyBhBReLZed LRBISynif.HRAL! 6631 L "k u581 L eag] mge
synthesizingﬁportion Otg? yntte 3 H1£f§o Supplles the
foreground components to the synthesizer 605.
.The separating portion 601 can be configured similarly
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 ocutputs
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



and the background i mage based on the area information sa astdergeneate a
synt hesi zed i mage and outputs it. In this manner, the synthesizer 1201 is
able to conbine the foreground conponent inmage with a certain background
15 image. The invention has been di scussed above by setting the mxture
ratio a to the ratio of the background conponents contained in the pixel
val ues. However, the mxture ratio a nay be set to the ratio of the

f oreground conponents 20 cont ai ned ij]féﬂg_pixél val ues. The invention has
been di scussed above by setting the noving direction of the foreground
object to the direction fromthe left to the right. However, the noving
direction is_not restricted to the above-described direction. 25 In the
above deRAiliVh, %% eutanpate & rAmjee Hehdths bomp ot oblec 200 a 168

t hree-di nensi onal space and tinme axis information is projected onto a tine
space haWiy & - eHsi g QRS Hirl 99kreEsd sfergararnd on by using a

vi deo camera- However, the present invention is not restricted to this
exanpl e, %ﬁﬂ???%ﬁﬁ1%ﬂ?g%ﬂnﬂl ed to the follomnng case. When a greater anount
of first |nfornat|on in aqne-d |nen§: onal space is projected onto a smaller

amount of secdiid |ﬁF8Pﬁ§ Hovﬁ ‘a l&?ﬁ§n§r8ﬁﬁﬁ5§6§C§9P@F§Fﬁﬁt|on
gener te%ﬂa? ﬁ§§ %%e ¢an, Q? rectqggéaﬁﬁﬁflc t information can
be ex ract nDre ngt |ﬁh ot Hedz &t Rlatsor is
not reStHdHfgiﬁéaéiﬂjg& fﬁg$én@6g¥%sponding 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 «, ﬁhich is embedded information, and
outpﬁts the calculated mixture ratio «.

Fig. 73 is a block diagram illustrating another
cbnfiguration 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 ratic d. In
contrast, the image processing apparatus shown in Fig. 73
performs the area-specifying operation and the calculation

20 for the mixture ratio.a-in a parallel manner.

The functioqal 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



anot her type of sensor, such as a solid-state inmaging deu ¢etodeer 2exanpl e,
a BBD (Bucket Brigade Device), a CID (Charge Injection Device), a CPD :
(Charge Primng Device) or a CMOS 15 (Conpl enentary Mental Oxide

Sem conductor). 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 nediumin which a
program for performng 20 the signal pgecessing of the present invention
is recorded = may be forned of a renovable nediumin which the programis
recorded, which is distributed for providing the programto a user
separatel fron1%883cgﬂ§u er, as shown in Fig such as the magnetic

di sk 51 (ifcPadf Bﬁ9f(?ES|EP8réHp?§ %W%ﬂ% ngh®) edtsRytedhe opti cal
2004 169 Di sc-Read Only Menory) and a

di 52
VD (D of PO, R A L OR8 a3 RRRrR ERap: Pach BIERL(FUetoares MO
e dinos 53569*&%5@?‘9&&%&8? BRIR) Lo Phe' dSxRsTu Pk i aray, o e

recordi ng medi um

cont ai nedahg Lhe SLRLAGEHMhL 2Rl N IPLENALE Qrogggg%%ﬁgg%ggga?gut i

recordi ng nmedi um bei ng provi e user | €

conputeer . pTRe] SESRSa LREA 19 LhE PAOGEARASCORdEChin T e60rdlng,  negi um may

be executed chronologically according to t he

speci fi cabhBRgr&GMEVEFeal h@ﬂdd%%ailegwﬁet@s@ﬁﬁgﬁgﬁ dl'llJ gt aré*&{'}!?s series

manner, and they may be executed concurrently or In
calculated as described above to the foreground/background

separator 1102 and a synthesizer 1201.
The foreground/background separator 1102 shown in Fig.

10 73 generates the foreground componeﬁt image from the input
image basedron the éstimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
béckground area.sﬁpplied from the mixture-ratio éalculator
1101, the estimated mixture ratio calculated when it is

15 assumed that the pixel belongs to the unéovered 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 synthesizef 1201.

20 The synthesiier 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
bglongs to the covered background area supplied from the

25 mixture-ratio calculator 1101, the estimated mixture ratio



I ndustrial Applicability 15 According to the present inventgdbdrd 2094
possible to separate a background i mage and an object imge according to
the m xture state. 4 Cctober 2004 - 170 CLAIMS 1. An inmge processing
apparatus for performng i mage- processing on inage data which is forned of
a predeterm ned nunber of pixel data obtained by an i nage-capturing device
5 including a predeterm ned nunber of pixels and having a tinme integrating-
function, said inmage processing appar alggs — conpri sing: area specifying
means for specifying, in a first period .of tinme corresponding to one
screen, an uncovered background 10 area in which foreground object
conponent s a_foreground object of a designated frame of the inmage

ool
dat a .aﬁ&lﬁ%eghﬁﬂi%‘oj 5 Gt Ledr ihey B ssdc leglomes o) édte  of t he

-desi gnat frame are m xed he uncovered packground area being formed at
i %%covt?rieﬁega(ﬁrgger “f“é#] FHFAMTER 1SS He Foridi§r durdusis&aitlos novi ng,

atrailing en
e R R R
hor s oot ST 1000 08 HE SRR SR SRS,
o eapond o R e e el e s epie, &
image 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 £he
gStimated mixture ratio caléulated 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
rbelongs to the uncovered background area sﬁpplied from the
mixture-ratio calculator 1101, and supplies the Selected
estimated mixture ratic 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 @ supplied from the selector 1221 and a

certain background image, and supplies the background

25 component image to the mixed-area-image synthesizing portion



covered background area in which the foreground object comaRerts 2and t he
background obj ect conponents are m xed, 25 the.covered background area
being forned at a | eading end in 4 Qct ober 2004 - 171 a direction in mhlch
the foreground object is noving; mxture-ratio detection nmeans for
detecting a mxture ratio indicating a ratio of the foreground object
conponents and the background object conponents in the uncovered .5
background area and in the covered backgfound area; and

f oregr ound/ background separati on nmeans for separating the pixel data of

t he pixel s-bel onging to the uncovered background area and to the covered
backgroung g ea into the foreground object conponents and the background
obj ect 10 8 %ponents based on the m xture ratio, and for generating a

foreground co oneni con t f on t he foreground object
'corrpgneﬁts and 2 bac}kegcgm% s :fr@‘ﬁ?ﬁg‘ez %:&9%‘%{3 ]d)lszzor"ﬁfﬂp";t%én

back d t ed
p?gcg;grﬂglggggggﬁﬁébgggor |ng ? %fgéh g%ﬁbﬁﬁﬁﬁiﬁaﬁﬁﬁ%l%HQéh%%%C|fylng
Teans {eTRRbAl thy SAOKGSo LN SEonblALES: ?M%ﬁﬁt%rsqé’pgff% el y 1 nput, and

said area specifying ans specifies time, an

area i Whb 8y odlel CEHBALLE LAY [sd Ofs BT AR cal c nklxezé) I90, frames

before the de5|gnated rane and a frane, is ~one franme befote the

desi gnat edyh tRe®izb8 IRYGDY als@pp OelEr MDAt L 654 43 S Q5L he frame,
which is one frane befd?e t%e d%g?%nated frg%e and thé’&ggignated frame

i's synthesized image to the image-synthesizing portion 1023.

The image synthesizing portion 1023 combines the

foréground.component image, the mixed-area synthesized image

10 supplied from the mixed-area-image synthésizing portion 1022,
and the background image based on the area information so as
to generate a synthesized image and dutputs it.

In this manner, the synthesizer 1201 is able to combine
the foreg;ound 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
containedrin the pixel values. However, the mixture ratio «
may be set to the ratio of the foreground components

20 . contained in the pixel values.

The invention hgs been discussed above by setting the
moving direction of the foreground object to the direction
from the ieft 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



stationary, as the uncovered background area correspondi g G die:t PHo4
desi gnated frane, and said area specifying neans 4 Cctober 2004 - 172
specifies, in the second period of time, an area in which a determ nation
result for-the frane, which is one frame before the designated frane, and
the designated franme is noving, and a determ nation result for the
designated franme 5 and a frane, which is one frame after the designated
frame, is noving, as the foreground_argg corresponding to the designated
frame, and specifies, in the second period of time, an area in which a
determnation result for the frane, which is one frane before the
designateq}franed and the 10 designated frame is stationary, and a
det er ni nat T TESARIS 1L (SRAGRe ARFhdt e faseirfe iarftbiteet ifomaries, which is one
frame after.tq%afesi nated frame, is stationary, as the background area
corr esporfdi W T B e & &t FHIE 2 HMY it ardanensgeiafly ispgaseans
specifie%nérkﬁﬁe thirqgﬁgrigagff ime, an 15 area in which a deternination.
he "fest a8t O P CRay M- £ 1dR9 GameFaone Howgiveraf t er

result for

t he desi [ b s.moving, and a det.erm pation result for the
frane, . aﬁlgﬁ%%ééﬁnéqﬁ%ﬁ%§%ﬁté%r¥ﬁé5ﬁ§%ﬁﬁﬁiﬁﬁf@%éﬁ%ﬁ &f@dm®leramdd  which
is twe fragesaf Al esign frame, is 20 stationary, as the covered
Erione s He "FesiFGRat e fe IT§AtRY pHRYET

background area rresponding to

procesg|a$rﬁﬂ@g@jggbﬂ%%ﬁﬂgphggoggg%ghle@gggéai%%F%%ngga 303%%%eghich IS

formed of a predeterm ne nunber of piIX
| mage- capintd RY s#RMI1E® 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 (éharge
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



25 including a predeternined nunber of pixels and havi ng 4a ddusbed Quicaber
2004 - 173 integrating function, said innage processing nethod conprising:
an area specifying step of specifying, in a first period of tine
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 1imge data and background object conponents formng a
background object of the designated freage -are m xed, the uncovered
background area being forned at a trailing end in 10 a direction in which
the foreground object is nmoving, said area specifying step of specifying,
in a secoggsge ig& @%l time corresponding to, one screen subsequent to the
of3ti Y

B B R A ar RYD c Bty st hg'earsamitde tthesc)lor egr ound

first perto

obj ect co nd a background, are 5 consisting of only the
backgrouﬁgp%gﬁ%%iec% T %%%?t,é%%ﬁ (9§ u%%%%.%%e@?*%ﬁ?ﬁﬁfgﬂep of speci fying,

inathir i foll spondi to _one screen subsequent to the
second pgﬁ?%%éggr?ﬁn%%é%@c%\%é@ . b%%k%?%u%%f“h?%ré YRR e 2% -or egr ound

Cover ed backor booel o bbbt e b et S Bkt P U R A on i

covered background area bel ng rme I Ng” en

whi ch st henaf@reasiounch oPiAcd 15 {Wé/i%rfgéﬁﬁgﬂ{ eza[]qﬂ-.qqhqeghecctg on step of
detectlng a mxture ratio |nd|cat|n_g aratioof t e_ oregroun(?object
co_rrponentgsro@!:'azﬁnﬂs thecdackgr ojnch Oﬁ&%dﬂmﬂg&m Héln@%r%%%\é%r Q:%
- the user while being prestored in the computer.
The steps forming the progrém 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 is possible to

separate a background image and an object image according to

the mixture state.



4 Cctober 2004 - 174 background area and in the covered4backgbeundOfdea;
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 5 foreground object conmponents and the
background object conponents based on the mxture ratio so as to generate
a foreground conponent inage consisting of only the foreground object
conponents and a background conponent _image consisting of only the
background conponent inage in the 10 dd ignated frane. 4. An inmage
processing nethod according to claim3, wherein in said area specifying
step, three franmes, which are consecutively input, are tenporarily stored,
and in the first period of tinme, arckBx®Eesin which a determ nation 15
result for a frame, which is two frames before the designated frane and a
frame, whi.chArs ionge ravedsefiome apperades doat e rfframing dmageng, and a
determ nation result for the frame, which is one frane before the

desi gnat @&FofaeHieng and iMegedesitgnathddhf dandormest atfi engrpdeiterspeeiif i ed as
the 20 uncovered background area corresponding to the designated frane,
and in tRambEoRd Pdedd deftar iokda imedabda ainn Lflkkideh cap tdetiegnidesticen resul t
for the frame, which is one frane before the designated frane, and the
desi ghat edAUSHEY & pRedeigrrdReda rgebsEnofabiselee gk haginghe #émignat ed

frame 25.and.a frame, which is one frame after the designated frane, 4
Oct ober é@%Egratlng function, said image processing apparatus

comprising:
area specifying means for specifying, in a first period

.of time corresponding to one screen, an uncovered béckground

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 Eackground object components, and said area specifying means
for specifying, in a third period of time corresponding to
oné 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



- 175 is noving, is specified as the foreground area corAeSptrtbemg2008 t he
designated franme, and in the second period of time, an area in which a
determnation result for the frane, which is one frane before the
designated frane, and the designated 5 frame is stationary, and a

‘determ nation result for the designated frame and the frame, which is one
frame after the designated franme, is stationary, is specified as the
background area corresponding to the desjgnated frame, and in the third
period of tinme, an area in which a 10 determ nation result for the

desi gnated pixel and the frame, which is one frane after the designated
frame, is nmoving, and a determnation result for the franme, which is one
frame af? 1¥eretHasi Yndtleeh rigie, fRRPECYRARD] S cie impviiig f rames  after
t he designated frame, is stationary, is specified as 15 the covered

backgr ound ar ¥V dFdAd fFHeS iR d8Singnd0dd deftesid ngs a2 migEESEdi ng

medi um in ich, a conputer-readable_program is recorded, said program

bei ng useﬁa@b? Jpré‘?:’f%eﬁ’t% 3 ege=° ﬁ%c@%i%%ﬁf?%é’%&ﬁ%{: VHIRERP ISR $50r med
of a predegterm ned 20 nunber ,of pixel data obtained by an i e-capturin
device ISE Ul g A HIRIEL DR B Tt i bl S SR ¢ me

10t egrat g [NGLAPN - SPI L PTOOTAN CONPLLS NN ALep Specl Tying step of

speci fyi ng, I r'st period of time corresponding en, an

ggfggg;eg0025}Q%%%&%%H%Qb%kﬁﬁrbﬂnWhE%%a&%&ggkp%%gn%bkggtS%ngg%ﬁﬂgs 4

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 ﬁeans 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 determinétion 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



forming a foreground object of a designated frane of thed Oetgbeda@Oénd
background obj ect conponents form ng a background object of the designated
frame 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
speci fying step of specifying, in a second period of tine corresponding to
one screen subsequent to the first period of tinme, a foreground area
consisting of only the foreground ijeﬁg_ponponents and a background area
10 consisting of only the background 3bject conponents, and said area
specifying step of specifying, in a third period of tine corresponding to
one screen subsequent to the second period of tine, a covered background
area in WReH-fIrsS. ft cfrourrrol] extrowhpohenimse arech tahesaaiok grtound 20bj ect
15 conponents are m xed, the covered background area being forned at a

| eadi ng SHICFEPRF I tToih 6 cHhe Heranfsr edtiothd objrectfiaenovi ng; a

m xture-ratio detection step of detecting a mxture ratio indicating a
rati o of l?ef]‘%eo’f%rgbef SRR DR Tomsoneitd the dard st ashdlapmsunid obj ect
conponents in the upcovered background area and in-the covered background
area; and & egtttifl/ BLEGHRT T g st orf Bt dfioidesdgmagiachramee pi xel
dat a gf %ﬂ§ %;x:gs bel gn ing_to t he uncOv%%%%aiggfk round area and to the
cover8d Backdt ourtd ar €4 § PS5 1% 6 1 SFefremgnd t he
Pgtclkgr glcj)r%s ngoveig{equ raa ;t%gee rf 02r0e0g4rounld77arecao oqcr}:eenstpson%%_%%d t%n tthhee m -Xt ure

designated frame, and specifies, in the second period of
time, an area in which a determination result for the fraﬁe,
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
gfter 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 f;ame, which is one frame after the.designated
frame, is moving, and a determinaﬁion result fér the frame,
" which is one frame after the designated frame, and a frame,
which is two frames after.the designated frame, is
20 s#ationary, as the covered background area corresponding to
the designated frame.
3. An image processing method for pefforming image-
processing on image data'which is formed of a predetermined
number of pixel data obtained by.aﬁ image-capturing device

25 including a predetermined number of pixels and having a time



f oreground conponent inmage. consisting of only the foregrdufdtobigreet004
conponents and a background conponent image consisting of only the .
background conmponent inmage in the 5 designated frame. 6. A recording nedi um
according to claim5, wherein in said area specifying step, three frames, .-
whi ch are consecutively input, are tenporarily stored, and in the first
period of tine, an area in which a determnation result for a frame, 10
which is two franes before the designajed frame and a frame, which is one
frame before the designated frame, is noving, and a determnation result
for the frame, which is one frane before the designated frame, and the
designatedq franme is stationary, is specified as the uncovered background
area 15 coPr&9pehdrHgitacthendespyfalBadrr RFeCeaAdnInmehBodecond period of
time, an area i.n,which a determnation result for the frame, which is one
frame bef GPBPERELHESI gnated frame; and the designated frame is noving, and

a determnation_result for,the desj natgd fra and a franme, which is one
20 frame after®thd" dosTRfat B¢~ 19 aheSP i n%‘i’/"r"ﬁggy%%gsp’e‘?:iéfi%’d:sa’% t he

oreground atea CorLegpond pacA0nd0e Oes! gl e Liore, S0 Ln Lhe secon

peri od of me, an area in

which s goe,Eranky betor e the: desigpated, fnalgs .apd Lhe designated frame
. P 0P 2 cogmernrat

is 25 stationary, and a determ natiron Fesu d 4 Cctober

o L RerhARE - beo LAy e 5 QOB RATEELER b ! o0
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 objéct 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 areé

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 subseguent 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 leéding 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



corresponding to the designated franme, and in the third 4pécitodbeaf 200de, an
area in which a determnation result for 5 the designated pixel and the
frame, which is one frane after the designated frame, is noving, and a
determnation result for the frame, which is one frane after the
designated frane, and a franme, which is two franes after the designated
frane, is stationary, is specified as the covered- -background area 10
corresponding to the designated frame.q - _A programfor allow ng a conputer
whi ch perforns image- processing on inage data fornmed of a predeterm ned
nunber of pixel data obtained by an inmage-capturing device including a
redet erm ned nunber of pixels and having a tinme integratin 15 function
p p . g g g
to executRECkErAh argre@nd) iy e oyt ddskgrpunc arda r stnd peri od of
time correspondi n% to one screen, an uncovered background. area in which
foreground obPedPIEIRPYRENPECkEEPIPRY SEPREREGPBUREPhodc SepRratdesi gnat ed
frame of n hee 20 ilma(s%e datfgé@]nd backgrqound obj ect conponents formng a
backgr ound o5&t the YRS R R dthi b dhe Hc it ed
backgrouri%‘ r bej ng forned at trailin nd.in a direction in which the
f or egr oun o-iﬂ‘ feEc“'tn(il ?qr iaﬁ’zil,d tfaitgie s giafci)ﬁgrfé’uﬁdeﬁ”%ﬁa dped fifieng, in a
secong p dr%%”g“fég I carres on?-n tp...one screen subsequent to the
first 4 gto er ftb-j %} g TS0 So%Dt(frj@,e %afcgﬁgéﬁ”&?nd’ &4 consi sting
of onl y tdp ey alld oLt comanenl §.a0d, g pagkround area consisting
of only the backgr oun%’ ggj ect  conponents, agzn SO a8 Lo 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 specifying 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,



said area specifying step of specifying, in a third peri ddOstobeti @€04
correspondi ng to one screen subsequent to the second period of tine, a ‘
covered background area in which the foreground object conponents and the
background object conponents are m xed, the covered background area being
formed at a leading end in a direction in which the 10 foreground object is
movi ng; a mxture-ratio detection step of detecting a mxture ratio
indicating, a ratio of the foreground ¢bgect conponents and the background
obj ect components in the uncovered background area and in the covered
background area; and 15 a foreground/ background separation step of
separatin t he pi xel data of the pixels belonging to the uncovered

backgr oun aWBﬁlaﬁd 8 FH@Cégﬁégeﬁsb&ERgFBERErQPEg pHEd chrresperdginund

obj ect cogBo 3 and the bgck round object conponents based on the
m xture rati gSipBagefefaetea 2891 dReblBuRBCeBAPBRERP] ARgEiB®NSI St i ng

of only the foregroun bj egt . co nts and backgr ound conponent i nmage
consi sting of “onl y Hglﬁgcé &85ﬁ5£gﬁﬁgbﬁanfeﬁ belPh the foemegmarbehfrane.

progignbggcgg 29,L0,CL %ﬂ%|v3?§gﬁﬁb ¢ PﬁggétO%%S Eé%43ge§%@¥é% eStep

three franes, "Sre“cdnse

tenpoﬁﬁr'k¥aﬁ&0£§dfF§?goﬁQr heaﬁhrétdgﬁé£89n€£lg%pg%%§f5a¥%?e Q%ghICh a

determ nation resu f ane, Wwhic

des'gnateéegiéﬂgt@@df§a$éagﬁd Yhichrife, O bharE belopg, fhe ng%g@ﬁéed

frame, is noving, and
designated frame, is stationary, is specified as the

background area corresponding to the designated frame, ana
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 computerQreadable 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, éaid program comprising:
an area specifying step of specifying, in a first
period of time corresponding to one screen, an uncovered

25 Dbackground area in which foreground object components



5 determination result for the frane, which is one frane4 Betobert RE04

desi gnated frame, and the designated frane is stationary, is specified as.
t he uncovered background area corresponding to the designated franme, and
in the second period of tinme, an area in which a determnation result for
10 the frame, which is one frame before the designated franme, and the
designated frane is noving, and a determnation result for the designated
frame and a frame, which is one frang-after the designated frane, is

noving, is specified as the foreground area corresponding to the
designated franme, 15 and in the second period of tinme, an area in which a
determ nation result for the. frame, which is one frame before the

desi gnat é®@T@ge 2 f9d cgvovdekiagridatd o areldsigsttad dhamg ehdie

determ nation result for the designated frame and the frane, which is one
frane af t82%h&adéspgsabagker fmgheblies s teamimmments ifoped fi ed- as t he
background area corresponding to the designated franme, and in the third
peri od ofPAGWECURA QP& ofhitde fefdiamahiathtimaney ég@ mifxed, tihe desi gnat ed

pi xel and _the f%% . Which is one frame after the designated frame, is
movi ng, &Y SEEC PRCKFEPHRG 6463 Pe5 b L aed fdne twsidings egve ifor ame

after.the designated.frane, .4 Octgober 2004 - 181 and a frane, which is two
frames a%t er t gl(?ESil&né"g‘ée‘&hf F%e?r%rie@r& &#é‘re)?,t i'$ pdinG edads t he
covered ar. area _carrespandi ng t.o the designated frame., 9. An
mage. cabtery RS s BRSBTS e i T peorg. MERIST o

perfor”‘%kaﬁﬁa%reagsﬁﬁihﬁgto 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 objeét 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—fatié detection step of detecting a mixture
ratio indicating a ratio of the foreground object 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 cdmponents and the background object



on image data which is formed of a predeterni ned nunber éf Ocpiokel @804
obt ai ned by an i mage-capturing device including a predeterm ned" nunber of
pi xels and having a tinme integrating function; 10 area specifying neans
for specifying, in a first period of time corresponding to one screen, an
uncover ed background area in which foreground object conponents formng a
foreground object of a designated frame of the image data and background-
obj ect conponents form ng a backgroun ppLgct 15 of the designated frane
are m xed, the uncovered background area being fornmed at a trailing end in
a direction in which the foreground object is noving, said area specifying
means for specifying, in a second period of tinme corresponding to .one
screen subpswgorapntsobahedf onsthpenivtuneé réaheo 0 28s f e egemematarea
consisting of only the foreground object conmponents and a background area
consistingoéﬁg6ﬁpydtﬁ@mpﬁaﬁkgrbﬂﬁ@eo%?@%%sbbhﬁoﬁﬁnQQ%yahhbs%@quwQEnd

speci fying nmeans for specifying, in a third period of tinme corresponding to
one scr eefiPdG6§cGOBRENEBLE hand e oRACKSF P ofompoRenty DMAgRVer ed background
area in which the foreground object 4 Cctober 2004 - 182 conponents and

t he backgFBOAUSELPECPLcORPBNERE SPATEITPRRY, CoPPneny ettt datk gitind ar ea
beingfgorged.at % Iegdin endin a direction in which the foreground

obj ect” i sSHBvPRGEeHh XEAFE:rati o detection nmeans for detecting a mixture 5

ratio indi.cating a ratio of .the foreground, object conpgnents and th
backgr ound - obfeEECRBRPBRARTE TR FRE IREdeh et iatm or wherein £1 said

area specifying step, three frames, which are consecutively
input, are tempofarily stbred, and in the first period of
time, an area in which a determination result for a frame,

10 lwhiéh is two frames before the designated frame and a frame,
which is one frame before the designated frame, is moving,
aﬁq 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 cérresponding 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, aﬁd 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 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 is one frame
before the designated frame, and the designated frame is

25 stationary, and a determination result for the designated



background area and in the covered background area; and 4 October 2004
f or egr ound/ background separati on neans for, separating the pixel data of
t he pi xels belonging to the uncovered 10 background area and to the covered
background area into the foreground object conponents and the background
-obj ect conponents based on the m xture ratio, and for generating a
f oreground conponent image consisting of only the foreground object
conponents and a background conponentlb%age 15 consisting of only the
background conmponent inmage in the designated frane. 10. An inage-capturing
apparatus according to claim9, wherein said area specifying neans
tenporarily stores three franes, which are consecutively input, and-said
area 20 dpeds yinsdh thearfs agjsecivhiiady dim anee-fiamst gfdrerodhef ddsimnagredarea in
which a determnation result for a frame, which is two frames before the
desi gnat &d ¥Meane- SarfdFad rady, . Wie e £ itk A dihe hefokoeoing desiagnat ed
frame, is noving, and a determnation result for the franme, which is one
frame 25 BHEGE nge $i9 rrdtCe dlerigne tesgh  1ome dedidgiat ddef tavdked s 4 Oct ober
2004 - 18 3 .- statiqnary, as the uncovered background area correspondi ng

Y é%[ forHife B

‘to the dé&si" _ , @ TEE dPartd LpécidRHTLREASN Fsseilti doF in the
rans witish AS ohe T S o arst 4T¥hd H408 gRAER APahBe drdTene’des gnat ed
(1 13 U2 SR IR g1 LEoUlly Lop e deslanat o [rame and
for the frame, which is one frame after the designated frame,
and a frame, which is two frames after the designated fraﬁe,
is statidnary, 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 obfained by an image-capturing device iﬁcluding a
predetermined number of pixels and having a time integfating
15 function to execute:
an area‘speéifying step of specifying, in a first
period of time corresponding to one scréen, an uncovered
bgckground.area in which foreground‘object comporients
forming a foreground object of a designated frame of the
20 - image data and background cbject components forming a
background object of the designated frame are mixed, the
uncovered backgroundlarea 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



is nmoving, as the foreground area corresponding to the désiOghnabed ROade,
and specifies, in the second period of 10 tine, an area in which a
determnation result for the frane, which is one frane before the
designated frane, 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 frame, is stationary, as the background 15 area.
corresponding to the designated frane, -fg‘d said area specifying nmeans
specifies, in the third period of tine,"an area in which a determ nation
result for the designated pixel and the franme, which is one frane after the
designated franme, is noving, and a determ nation result. for the franme, 20
whi ch i s peeiddant airner & hEoxesroumad es-éa acens anidi @y faAmnly WHeh is two
frames after the designated franme, is stationary, as the covered background
area correspendbugd tob]etie cespinprtedaid amtbadk@otwbdra2d04 - 184
ABSTRACT An object of the present invention is to enable the separation of
a backgr otP®s i fadjed arll @nlvbilee tbaeiagreound cor i ey ¢conpdreemisst el state. An
area specifying unit 103 specifies, in a first period of tine, an

uncover ed®2HAckEPdUTRE G BALIN IHER P F ot RYF bIMENDb] e ta conipshartsicahd
background_obj ect conponents are m xed. The area specifying unit 103

speci Pi esPf i HBE SERBHERRAGIRE d¥C 197, SAEIM cHIDIRRMCTH P bR isagqaryl of
only the f°£ e‘géo%fdﬁgé ect covrg)gggrgésc}?ngéund aall_oeaackigg o‘ﬂrulfln;_deharteha}a consi sting
of only tRe" ALYt o olff €4 gr
foreground object components and the background object
components are miked, the covered baékground 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
foregréund 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 comsecutively input,



conponents. The area specifying area 103 specifies, in a4 Ohitotbeperildd of
time, a covered background area in which the .foreground object conponents
and t he background object conponents are mxed. A mxture-ratio cal cul ator
104 detects a mxture ratio indicating a ratio of the foreground object
conponents and the background object conponents. A foreground/ background
separator 105 separates the pixel data of the pixels into the foreground
obj ect conmponents and the backgrouqdlggjgpt conponents based on the

m xture ratio. The present invention i's applicable to an imge processing

appar at us.

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 tﬁe designated frame, is moving, and a

5 determination result for the frame, which is one fréme
before the designated frame, and the designated fraﬁe 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

10 the frame, which is one frame before the designated frame,
and the designated frame is moving, and a determinatioﬁ
result for the designated frame and a frame, which is one
frame after the designated frame, is ﬁoving, is specified as
the foreground area corresponding to the deéignafed frame,

15 and in the second period of time, an area in which a
determination result for the frame, which is one frame
before tﬁe designated frame, and the designated frame is
stationary, and a determination result for the designated
ffame and the frame, which is one frame after the designated

20 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 determination result for
the designated pixel and the frame, which is one frame after
the designated frame, is moving, and a determination result

25 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 coﬁprising:

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'nuﬁber 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 desiénated 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
the foreground object is moving, said aréa’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 oniy 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
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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 covefed 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 ocbject
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.
i0. Aﬁ image—capturing apparatus according to claim 9,
wherein said area specifying means temporarily stores three
frames, which are consecutively input, and-said area
sﬁecifying means specifies, in the first pericd of timé,‘an
area in which a d;termination result for a frame, which is
two frames hefore the designéted 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

te 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 épecifies, 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
fbr the designated frame and the frame, which is one frame
after the designated frame, is stationary, as the background
area corresponding to the designated fraﬁe, 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.
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ABSTRACT

An object of the present invention is to enable the
separation of a background image and an object image
according to the mixture state. An area specifying unit 103
épecifies, in a first period of time, an uncovered
background area in which foreground object components and
rbackground object components are mixed. The area specifying
unit 103 specifies, in a second period of time, a foregroﬁnd
area consistihg of only the foreground object components and
a background area consisting of only the background object
components. The area specifying area 103 specifies, in a
third period of time, a covered background area in which_the
.foreground object components and the background object
components are mixed. A mixture-ratio calculator 104
detects a mixture ratio indicating a ratio of the foreground
object components and the backgroﬁnd object components. A
foreground/background separator 105 separates the pixel data
of the pixels into the foreground object components and the
background object components based on the mixture ratio.
The present invention is applicable to an image processing

apparatus.



