2 Decenber 2005 - 1 DESCRIPTICN | MAGE PROCESSI NG APPARATUS AND METHOD,
- AND | MAGE- CAPTURI NG APPARATUS 5 Technical Field The present invention
relates to i mage processing apparatuses and net hods, and inage-capturing

apparatuses, and nore particularly, to an inage proces$idgmdePsigat us and
met hod, and an image-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 output
fron1the i mge sensor is wdely uséed.l For exanpl e, notion blur occurs in an
i mage obtained by capturing an object noving in front of a predeternined
stationary background with a video canera if. the noving 20 speed is
rel.atively high. However, when aEsu®mcaiIons noving in front of a

stationary background, not only does notion blur caused by the m xture of
t he nMOVMAGIHRONESSSE fAFRRARATUD IKNRIMETHOTE, ANXtIMAGRICATEIHROKgr ound

i mge. and the object inmage occurs. 25 Hitherto, the processing for dealing
with t B@PARATIISe state. 2 Decenber 2005 - 2

_5.- Technical Field
The present invention relates to image processing
apparatuses and ﬁethods, and image-capturing apparatuses,
aﬁdrmore particulariy, t0o an image processing apparatus and
method, and an image—capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

Background Art
A technique for detecting incidents occurring in the
15‘ real world by a sensor and for processing sampled data
output from the image sepsor-is widely used.
Fof example, motion blur occuﬁs in an-image obtained by
- Capturing'an object moving in fronﬁ of a predetermined
statiohary background with a video camera if. the moving
26 | speed is rélatively'high.
However, when an object is moving in front of a
stationary background, not only does motiqn_blur_caused by
" the mixture of the moving object itself occur, but alSo'the
mixture of the background image. and £he object image occurs.

25 Hitherto, the processing for dealing with the mixture state



of the background i mage and the novi ng obj ect has not been consi dered.

Di scl osure of Invention The present invention has been made in view of the
above- described background. Accordingly, it is an object of the present
invention to make it possible to detect the m xture sbadRemBeFoosnage. | n
accordance wth one aspect of the present invention, there is provided an
i mage processing apparatus for processing imge data which is fornmed of a
pr edet er mi ned nunber of pixel data OBt i ned by an i nmage- capturing device

ol uding 3¢ RhedelengdaYsE ohapiie! soothe ghxele having. a

i ntegrating func ion, sal roceSS|ng ap r|5|ng area
speC|fy|ng(ﬂ§ng ﬁi_speC|fy|ng in correspondence with inmage data, a

m xed area I n o f oreground object conponents form ng a foreground

obj ect and background object conponents form ng a background object are
m xed and a non-m xed area formed of a foreground area consisting of only

the foregraqurdlebhestorcanponeidrs and a background area consisting of only
the background object conponents; and m xture-ratio estimting nmeans for

estimating, basedpoesdiie inabhoiod Hdre bakett haoé iheviewerdt aheaabove-
predeterm ned direction with respect to the noving direction of the
f or egr ound delsicetibed obpokertundt. he dahirhlioffivheim Xed arar elajdusi ngf spieei fi ed
by the area information, to 2 Decenber 2005 - 2a

present invention to make it possible to detect the mixture

state in an image.

In accordance with one aspect of the present invention,
there is provided an image processing apparatus for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
‘integrating function, said image processing  apparatus
comprising: area specifying means for specifving, in
correspondence with image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background obiject are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
background area consisting of only the background object
components; and mixture-ratic estimating means for estimating,
based on .the ratio of the width of the mixed area in a
predetermined direction with respect to the moving direction

of the foreground object component, the width of the mixed

. area being specified by the area information, to



the distance fromthe position of a designated pixel to the edge of the

m xed area in the predetermned direction, a mxture ratio indicating the
rati o between the foreground object conmponents and the background object
components of | 2 Decenber 2005 - 3 10 the desi gnat ed2pigeBnberdf605 Mage
processi ng apparatus may further include notion-vector detection nmeans for
detecting a notion vector of the foreground object. The m xture-ratio
estimating neans nmay detect the wi dth 8f "the mixed area and the distance

[omLhe Pasid a0 QhobNey desiapates Bielod  Ule 0B oL LU pLxedorea i n

t he novi ng rection of t vect or, m xt ure

ratio basedpn the thatif.Qh thew gih.qb tﬂl%d@té?ﬂlﬁécﬁadweé&%nd' sjance

from the p05|t|on of the deS|gnated pi xel to the edge of m'xed ar ea.
The i mage pliggessi NhtappaldiidstiRy et hesei NChbUdReedTO¥HEY- ﬂiﬂe@%uf@@
detection neans for detecting the noving direction of the foreground

obj ect. Thebfextutengaicn®slan®dHemBhtRgriBaNSbHBYL deingehehbe of dth of the
m xed area and the distance fromthe position of the designated pixel to
the edge of the mxed area in the noving direction, and nay estinmate the
m xture ratio based on the ratio of the width of the mxed area to the

di stance fromthe position of the



26 designated pixel to the edge of the m xed area. The noving-direction
detection neans may include notion-vector generating neans for generating
a notion vector based on the area information and the position of the

m xed area in a designated frame and the position of t ] area in
a frame in the vicinity of the designated 2 Decenber 228§x§§?g}?$§he,
thereby naking it possible to detect the noving direction based on the
generated notion vector. In accordance with a second aspect of the present
invention, there is provided an inmage processing nethod for an imge
processi ng apparatus for processing i nage data which is forned of a
predet erm ned nunber of pixel data obtained by an inmage- capturing device
includinﬁ a gredeternined‘nunber of pixels, the pixels having a tine

i nt egr ati'figdF8heRabed RE¥eli nage processing nethod conprising: an area

speci fyi ng %hﬁg_of igecifying, in correspondence with imge data, a m xed
area in whic dHE o) € FRPGHER SFbrimaidier fiordgrdsund obj ect and

backgro . _0obj ect conponents form ng_a background object are m xed and a
non- ni xrg%gﬁ?%aé?%%%ag%e%uf%‘? B UM dEAF R bOFSHRY | Mot ioml yeeher

backor auma”b) St EBEh et S g e ALK B0 A7 bLo GTFHITIED ot op of
- est sty o0, QQ%f tio the width of the mxed area in a
predet erm ned di (rj%%l?%é]necvl\hah&lr%%e% FIA° thee 1%y MY etFon of the

foregr %Mt%@cfr&@rm@%{%siti#e}% Vggtit}lec’fdestihgenar@é(c?dpﬂge_ tbOEitr}ge speci fied

by the area information,
edge of the mixed area in the moving direction of the motion

vector, and may estimate the mixture ratio based on the
ratio of the width of the mixed area to the distancé from

10 the position of the designated pixel to thé edge of the
mixed area.

The image processing apparatus may further include
moving-direction detection means for detecting the moving
direction of the foreground object. The mixture-ratio

15 estimating means may detect the width of the mixed area and
the distance from the position of the designated pixel to
the edge of the mixed area in the moving direction, and may
~estimate the mixture ratio based on the ratio of the width
of the miéed area to the distance from the position of the

20 designated pixel to the edge of the mixed area.

The moving-direction detection means @ay_include
motion-vector generating means for generating a motion
vector based on the area information and the position of the

- mixed area in a designated frame and the poéition of the

25 mixed‘area in a frame in the vicinity of the designated



di stance fromthe position of a designated pixel to the edge of the m xed
area in the predetermned direction, a mxture ratio indicating the ratio
bet ween the foreground object conponents and the background obj ect
conponents of the designated pixel. The inmage processi y further
i nclude a notion 2 Decenber 2005 vector detection stepQgFQE@pggggﬁg a
notion vector of the foreground object. In the mxture-ratio estinmating
step, the w dth of the m xed area and the distance fromthe position of
the designated pixel to the edge of the m xed area nay be detected in the
novi ng direction of the notion vectory, and the m xture ratio may be
estimated based on the ratio of the width of the m xed area to the

di st ance f rfaem¢ heclpasbyioakioly tthepdesibjrateddgioce] the méhimgeddeeofichhe

m xed area. The image processing nethod may further include a noving-
direction desedtdrofihst ggneshtddteitiongvedtermovi ng direction of the
foreground object. In the mxture-ratio estimating step, the wdth of the
m xed area and'? HEGTSRATR &ifPom BP0 sPPROh U HKePrefitgiaredtisinkel to

t he edge o&htpe ngxeqrqp%@ may be detected in_the q?V|n? directjon, and
the mixtur €°F5Ti &3l Pe 68t i Hht B 9DaBEA°TI e AT of °% hE™wi B¥of t he

mi xed areapggﬁ%ﬂﬁn8i§ﬁ %usf<ﬁFE£Q%eQQ§1 ERQ?Qﬂx$ ewﬂ%@l%ﬁakgﬁmgiégl to

the edge of the nixed area. The noving-difection defection Step na
include a gDt QRt¥ERiMRG JRRRIARL | 58 El:@@l 0hag8Nebak ik apPDldnon; yeetor

based on the area information and the position of the mXxed area’in a

desi gnat ed chpaumE ngndetrhe: pioR1LHORy of driGetdi@thedr 8ambdy & HARBLIL,N the
pixels having a time integrating function, said image processing
method comprising: an area specifying step of specifying, in
correspondence with image data, a mixed area in which foreground
object components forming a foreground object and background
object components forming a background object are mixed and a
non-mixed area formed of a foreground area consisting of only the
foreground object components and a background area consisting of
only the background object components; and a mixture-ratio
estimating step of estimating, based on the ratio of the width of
the mixed area in a predetermined direction with respect to the
moving direction of the foreground object component, the width of
the mixed area being specified by the area information, to the
distance from the position of a designated pixel to the edge of
the mixed area in the predetermined direction, a mixture ratio
indicating the ratio between the foreground object components and
the background object components of the designated pixel.

The image processing method may further include a motion-



the vicinity of the designated franme thereby nmaking it possible to detect
the noving direction based on the generated notion vector. |In accordance
with a third aspect of the present invention, 2 Decenber 2005 - 5a there
is provided a recording mediumin which a conputer-read kgmﬁgggﬂﬁan1for
processing i mage data which is fornmed of a predeterm ned nunber of pixe
data obtai ned by an image-capturing device including a predeterm ned
nunber of pixels, the pixels having a tinme integrating function, is
recorded, said program conprising: an area specifying step of specifying,
in correspondence with image data, a-mxed area in which 2 Decenber 2005 -
6 foreground object conponents form ng a foreground object and background
obj ect conpenest s deoeatigr asbackgroundeabjirgt aar fot MrXedeaitd aonortha xed
area fornmed of a foreground area consisting of only the foreground object
conponent s fanggepurs wddkgr oundrartda comsisetragiof eotlipatitg bawhgr dined

obj ect conponents; and a mxture-ratio estimting step of estimating,
based on tHédkatd% t8f Rhedpdth o the FHsteace afer ithe Pyridder e frithed

di rection g%th respect to . the novjing _direction of the forgground abj ect

conponent , RETRA hpbffeji(fot he® HPEJ b g B‘éf‘ﬁ% as‘:ﬁé‘cf“f‘-‘l’é_i? t?ﬁﬁed_allé‘a
o T e i 105 B IS BB, oL, S anELeY Bl 1O
may be estimated based on the ratic of the width of the mixed
area to the distance from the position of the designated pixel to
the edge of the mixed area.

The image processing method may further include a moving-
‘direction detection step of detecting the moving direction of the
foreground object, In the mixture-ratio estimating step, the
width of the mixed area and the distance from the position of the
designated pixel to the edge of the mixed area may be detected in
the moving direction, and the mixture ratio may be estimated
based on the ratio of the width of the mixed area to the distance
from the position of the designated pixel to the edge of the
mixed area.

The moving-direction detection step may include a motion-
vector generating step of generating a motion vector based on the
area information and the position of the mixed area in a
designated frame and the position of the mixed area in a frame in
the vicinity of the designated frame thereby making it possible
to detect the moving direction based on the generated motion
vector.

In accordance with a third aspect of the present invention,



|

m xture ratio indicating the ratio between the foreground object
conponents and the background object conponents of 15 the designated
pi xel . The program may further include a notion-vector detection step of
detecting a notion vector of the foreground object. |8ghenBbpddgse-ratio
estimating step, the wdth of the m xed area and the distance fromthe 20
position of the designated pixel to the edge of the m xed area nay be
detected in the. nmoving direction of the notion. vector, and the m xture
ratio may be estimated based on the ratio of the width of the m xed area
to the distance from the position of- the-desi gnated pi xel to the edge of
the 25 m xed area. 2 Decenber 2005 The program nmay further include a

novi ng- di r ebtronsdetrecidaina s¢@prdihgdesdiotn ng dhiehnmavesgputerecéddablef t he
foreground object. In the mxture-ratio estimating step, the wdth of the
m xed ar eaPragwbm hdodi sprersssfingm thegepodiatie onvwlnifcht hdsdespyrest edfpi el to
the edge of the m xed area may be detected in the noving direction, and
t he nixturBr?%ﬁﬁﬁfmﬁa?dﬁém@§Fi%%ﬁé&eﬁag%&F(ﬂWtPH%*¥§WiEHOFMEﬁécaHW%ﬁHWQOf t he

m xed area . to, the, distance fromthe position of the . designated pixel to
the edge oFSTHE ntddaPeas PRESREVTHEH PRRPFbNoHePET I SopP e Si ncl ude

a motion- yecLor JeDRLAUINGSLER.S! (GRNSIALI N4 d.BLLOR VLl or haseq on the

area information angféﬁé poéﬁtlon _ e mxed area rna desi frame
and the pogbﬁm@ia%:the gh xegy &y e?sﬂé&i@yiﬁ%?m?sﬂe@) e whebhiidhQf tihe
designated franme, thereby making it possible

correspondence with image data, a mixed area in which



to detect the noving direction based on the generated notion vector. In
accordance with a fourth aspect of the present invention, there is

provi ded a programfor allowi ng a conputer that processes inage data which
is formed of a predeterm ned nunber of pixel data obtaipzedmbyr Zos

i mage- capturing device including a predeterm ned nunber of pixels, the

pi xel s having a time integrating function, to execute: an area specifying
-step of specifying, in correspondence with inmage data, a mixed area in -
whi ch foreground object conponents fogrri ng a foreground object and
background obj ect conponents form ng a background object are mxed and a
‘non-mi-xed 2 Decenber 2005 - 7a area forned of a foreground area consi sting
of only the foreground object conmponents and a background area consisting
of onl yorherbacd grlviadt obpregdnentpofienttng andf Gr i xdui@-siRfédOr Aaati mating
step of 2 Decenber 2005 - 8 estimating, based on the ratio of the w dth of
t he nmi xedckareand noki ¢ edetreponarts dfosein@n Vibd dkdgespettolbpedthea Vi ng
direction of the foreground object conponent, the width of the m xed area
bei ng sPexedi etdby nereTateedi aternboimed ¢ & fdeegisimhcerda om t he

posi ti-on of a designated pixel to the 10 edge of the m xed area in the
predete?ﬂ?ﬁéﬁtﬁmge%fiQﬁﬁyaﬁhe foreground object components and a

5 background area consisting of only the background cbhject
. components: and a-mixture—gatio estimating step of

estimating, based on the ratio of the width of the mixed
area in a predetérmined direction with respect to the moving
direction of the foreground object component, the width of

10- the mixed area being specified by the area information, to
the distance from the position of a designated pixel to the
‘edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
obiject components and the background object compohents of

.15 the designated pixel. B
| " The program may further include a motion-vector

detection step of detecting a motion vector of fhe
foreground object. In the mixture-ratio estimating step,
the width of the mixed area and the distance from the

20 position of the designated pixel to the edge of.the mixed
area may be detected in thé.moving direétion of the motion_
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distance from

" the position of the designated pixel to the edgé of the

25 mixed area.



m xture ratio indicating the ratio between the foreground object
conponents and the background object conponents of the designated pixel.
The program may further include a notion-vector detection step of
detecting a notion vector of the foreground object. |npgdeemBExXtanse-ratio
estimating step, the wdth of the m xed area and the distance fromthe
position of the designated pixel to the edge of the m xed 15 area may be
detected in the noving direction of the notion 20 vector, and the m xture
ratio may be estimated based on the ratio of the width of the m xed area
to the distance from the position of-the designated pixel to the edge of
the m xed area. The program nmay further include a noving-direction
det ection st eprisf rdeyeat ingy tthethoyiingldie egtmonngtdihestiber egratiidnobj ect .
In the mxture-ratio estimating step, the width of the m xed area and the
di st ance f pbep tdfe detpoting drreofioving déseghbtred fpitkel foredrvenddyge et -t he
m xed 25 area nmay be detected in. the novi ng direction, and the 2 Decenber
2005 mi xt utB Rt FEXRRYE e tast FHEMEE I PASEPon thh & idkhi o ofhet Be*SR dt§2of  t he
m xed area }1? ét}aeddi stanc rgro%gthe ﬁositi gn ofr#he desciog)natﬁdt ixel to
the edge of ™t HE kB Siod O TBI PGt PECE DM HGPBRLTOR S bE iy Si ncl ude
a motion- ¥ged ofe g8/ ekﬁkéc@gaééae%aﬁ}f Pgeﬁgée%t'eﬁg if PRLIONVECLPERA%ED on the
area infornmation and the position“of the mXed area in a

and the mixture ratio may be estimated based on the ratio of the

width of the mixed area to the distance from the position of the

designated pixel to the edge of the mixed area.

The moving-direction detection step may include a motion-

vector generating step of generating a motion vector based on the

area information and the position of the mixed area in a

designated frame and the position of the mixed area in a frame in

the vicinity of the designated frame, thereby making it possible

to detect the moving direction based on the generated motion

vector.

In accordance with a fourth aspect of the present invention,

‘there 1is provided a program for allowing a computer that

processes image data which is formed of a predetermined number of

pixel data obtained by an image-capturing device including a

predetermined number of pixels, +the pixels having a time

integrating function, to execute: an area specifying step of

specifying, in correspondence with image data, a mixed area in

which fbreground object components forming a foreground object

and background object components forming a background object are

mixed and a non—mixed



designated frane and the position of the mxed area in a frame in the
vicinity of the designated frame, thereby making it possible to the noving
direction based on the generated notion vector. In accordance with a fifth
aspect of the present invention, there is provided anzipsgaabeamiosy i ng
apparatus conprising: inmage-capturing neans for outputting a subject inage
captured by an inmage-capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tinme integrating function, as image data
formed of a predeterm ned nunber of pixel data; area specifying nmeans for
specifying, in correspondence with theJamage data, a mxed area in which
foreground object conponents formng a foreground object and background
obj ect conpeneat Scroedi nif aa béwleground chjeact canseisningd ehdoalyorshe xed
area forned of a foreground area consisting of only the foreground object
conponent s fareiozeusdc Rl otindoareremiengindt Rngadforshyg e¥re deaskgrioundfobj ect
conponents; and m xture-ratio estimating neans for estimting, based on
the rati o SPLY heéhfi dPACIITOURE RBISG L ar @FPINRNES Hr &8t ef NiTHEG 8F F&tiPon with
respect to t@e 2t.Dece?ber 005 - 10 10 background object conponents of the
desi gnat ed “pIr &t - "FoV Ty °di recti on of the foreground object component, the
wi dth. of the m xed area being specified by the area information, to the
di stance fromthe position of a designated pixel to the edge of the m xed
area in the predetermned direction, a mxture ratio indicating the



rati o between the foreground object conmponents and the The i nmage-capturing
apparatus may further include notion-vector detection neans for detecting
a notion vector of the foreground object. The m xture-ratio estimating
means may detect the width of the m xed area and the 2gpstahies dopgm t he
position of the designated pixel to the edge of the m xed area in the
novi ng direction of the notion vector, and nmay estimte the mxture ratio
based on the 15 ratio of the width of the m xed area to the distance from
the position of the designated pixel to the edge of the mxed area. The .
i mage- capturing apparatus may further®include noving-direction detection
nmeans for detecting the noving 20 direction of the foreground object. The
m xture-ratio estimating neans may detect the width of the m xed area and
t he di setahteatiom thes@dsoditie ofathe destigaatpdilpix®eltie® mihed edge of the
m xed area in the noving direction, and may estimate the mxture ratio
based oar¢heinatipredetdenined hdPbeofithew ik exkgpeat tio titee distiange from
the position of the 2 Decenber 2005 - 11 - designated pixel to the edge of
t he mi x@dragebon The Hwi feredrend orbiketectompomesns ey windtludef not i on-
vector generating neans for generating a notion vector based on the area
i nf or mak® bR t Heepdesinprergct hikedn edt e earea nfarewd gien edtd rame and
the position of the nixed area in a frane in the vicinity of the

desPgnat®e $42M0CE herdbythR IRy F1ohodsi bl designated pixel to the

edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
object components and the background object components of
the designated pixel.

10 The program may further include a motion—-vector
detection step of detecting a motion vector of the
foreground object. _In the mixture-ratio estimating step,
the width of the mixed area and ﬁhe distance from the
pdsition of the designated pixel to the edge of the mixed

15 area may be detected in the mdving direction of the motion
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distaﬁce from
the position of the designated pixel to thé edge of the
mixed area.

20 The'prbgram may further include a moving-direction
detection step of detecting the moving direction 6f the
foreground object. In the mixture-ratio estimating step,
the width of the mixed area and the distance from the
position of the designated pixel to the edge of the mixed

25 area may be detected in the moving direction, and the



to detect the noving direction based on the generated notion vector. In
accordance with a sixth aspect of the present invention, there is provided
an i mage processing apparatus for processing inage data which is forned of
a predeterm ned nunber of pixel data obtained by an i <fBBL sydsng devi ce
including a predeterm ned nunber of pixels, the pixelS having a tine
integrating function, said inage processi ng apparatus conprising: area
speci fying means for outputting area information used for specifying, in
correspondence with inmage data, a m xed area in which foreground object
conponents form ng a foreground object 4and background object conponents
form ng a background object are mxed; and m xture-rati o estinmating neans

for estinahipgude rOtxd UL batbociRdegati g bhRerkdatia0:0f ot heof p1&ar gynd

obj ect conponents and the background object conponents in the m xed area
based on t hbeamexeidnf aramt iton @nd @nkyarddee EByhNGHH r B4 10RNOT of t e
foreground object by assum ng that the mxture ratio changes substantially
| i nearly wdehigregpdcrited tthetlposidoeont dfhet héxgd xalea.2 Decenber 2005 - 12
The mi xture-ratio estinmating nmeans nmay estinmate, based on the position on
a segnent whosE ¥ vdRd-Argidion siéqcatom $oregraunénclidea oriisning of
only the foreground object conponents and the other end is positioned at a

backgroundvﬁ?(§f€8ﬂ§f%'?ﬁbSB?pdﬁiﬁen?ﬁﬂnﬁﬁcRgT%ﬁﬁﬂl§BfEﬁﬁ TESRpotedts, the
ST R R A
designated frame and the position of the mixed area in a frame in
the vicinity of the designated frame, thereby making it possible
to the moving direction based on the generated motion vector.

In accordance with a fifth aspect of the present invention,
there 1is provided an image-capturing apparatus comprising:
image-capturing means for outputting a subject image captured by
an image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, as image
data formed of a predetermined number of pixel data; area
specifying means for specifying, in correspondence with the image
data, a mixed area in which foreground cbject components forming
a foreground object and background object components forming a
background object are mixed and a non-mixed area formed of a
foreground area consisting of only the foreground object
components and a background area consisting of only the
background object components; and mixture-ratio estimating means

for estimating, based on the ratic of the width of the mixed area

in a predetermined direction with respect to the



The m xture-ratio estimating nmeans may estinmate the m xture ratio of the
pi xel corresponding to the position on the segnent based on the position
on the segnent parallel to the noving direction of the foreground object.
The mixture-ratio estinmating nmeans nmay estimate the m ¥igi-empsddeg of the
pi xel corresponding to the position on the segnent based on the position
on the segnent obliquely intersecting with the noving direction of the
foreground object. In accordance with a seventh aspect of the present
invention, there is provided an image processing nethod for processing
i'mage data which is formed of a prédeterm ned nunber of pixel data
obt ai ned by an image-capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tine integrating function, said inmge

pr ocessirayingt Hodecoipni sfngheafiorageausfecbf¥bAgcshppn&ht OUtRut ting area
informati on used for specifying, in correspondence with inage data, a

m xed avédtiinofwhhehmipedgaveadbebjecspeoirpondnbg £henmhngaa foreground

obj ect and background 2 Decenber 2005 - 13 object conponents formng a
backgr otEc BB EEPn ar Bontheddiandnae fArqmutber posbteshi oBtang step of -
estimating a mxture ratio indicating the ratio of the foreground object
conponefe Sl Emyt e heP inatkEp othe obyeces cohponened anedhenntxed area based on
the_area information and only the noving direction of the foreground

obj Ect BYPISETHET FAt re Rl i xt ArBI¥ BET® Enbhgebndimatimaithey |inearly

with respect to the position of the pixel.
ré%lo betweenpthe foreground g%ject components and the

background object componenﬁs of the designated pixel.
The image-capturing apparafus may further inelude
motion-vector detection means for detecting a motion vector
10 of the foreground object. The mixtufe—ratio estimating
‘means may detect the width of the mixed area and the
distance from the position of the designated pixel to the
edge of the mixed area in the moving direcfion of the motion
vector, and may estimate the mixture ratio based on the
15 ratio of the width of the mixed area to the distancerfrem
the position of the designated pixel to the edge of the
mixed area. | |
The image-capturing apparatus may further include
moving-direction detection means for detecting the moving
20 'direction of the foreground object. The mixture;ratio
. estimating means may detect the width of the mixed area and
the distance from tﬁe‘position of the designated pixel fo
tﬁe'edge of the mixed area in the moving direetioe, and may
estimate the mixture ratio based on the ratio of the width

-25 'of the mixed area to the distance from the position of the



In the m xture-ratio estimating step, based on the position on a segnent
whose one end is positioned at a foreground area consisting of only the
foreground object conponents and the other end is positioned at a

background area consisting of only the background objgg&mﬁgﬁgpﬂﬁﬁgs, t he
segnent traversing the mxed area, the mxture ratio of the pixe
corresponding to the position on the segnent nay be estimated. In the

m xture-ratio estimating step, the mxture ratio of the pixel
corresponding to the position on the segnment nay be estinmated based on the
position on the segnent parallel to theji noving direction of the foreground
object. In the mxture-ratio estimating step, the mxture ratio of the

pi xel correspomtiteg bbDxdélheoptiss tddoe on tHemsegieitteanny be estimated based
on the position on the segnent obliquely intersecting with the noving
direction of tHee foregrodindeobjoact detertdiovontamse naxt hiagluwgeghmditiopect of
the present invention, there is provided a recording nediumin which a
conput er - VESEHAD| TNSEBHFREMNGRSpLOE S HGF L RBgR Bt LIWIRERCR TtsEhi®8r 2005

i - 14 is fornmed of redeterm ned nunber, of pi xel data obtained by an
i mage- capt & ?n@ra%v?ﬁgjﬂﬁﬁﬁﬁﬂiﬁﬁdatﬂ?eﬁgfﬂPﬁPné% Aao&H*6F aﬁ??eﬂg,azhe

pi xel's having, & Ll ABel e Eétweqtpfo%%}f&?%f iﬁﬁ? e dedy 15aL0ePLOON3M

conprising:’ an area specifying step of  out I'Ng area informafion used
for specifyhB0y;dihieGOhF GSRORAEDGE M B bR HALBy Rallinted tap88s iyl eWhi ch

f or egr ound
to detect the noving direction based on the generated motion
vector.

In accordance with a sixth aspect of the present invention,
there is provided an image preocessing apparatus for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said image processing apparatus comprising:
area specifying means for outputting area information used fdr
specifying, in correspondence with image data, a mixed area in
which foreground object components forming a foreground object
and background object components forming a background cbject are
mixed; and mixture-ratio estimating means for estimating a
mixture ratio indicating the ratio of the foreground object
components and the background object components in the mixed area
based on the area information and only the moving direction of

the foreground object by assuming that the mixture ratio changes

substantially linearly with respect to the position of the pixel.



obj ect conmponents form ng a foreground object and background object
conponents form ng a background object are m xed; and a mxture-ratio
estimating step of estimating a m xture ratio indicating the ratio of the
foreground object conponents and the background objech RERBEESNGS i n the
m xed area based on the area information and only a noving direction of
the foreground object by assumng that the m xture rati o changes
substantially linearly wth respect to a position of the pixel. In the

m xture-ratio estimting step, based on the position on a segnent whose
one end is positioned at a foreground grea consisting of only the

f oreground object conponents and the other end is positioned at a
background ar eehecangtstangtod edipathey maakorourdcobiest baesponenhs, the
segnent traversing the mxed area, the mxture ratio of the pixel
correspondPagltion ke poFiomenh Wirsehensegitent pesithenedtdtmat édredrpupte

m xture-ratio estinmating step, the mxture ratio of the pixel

cor r espondPRER t PCRECHYEIAT SRivnthhesegremd wRy e cEWOrRAtRPRSEE on the

osition on , the segnent parallel to the 2 Decenmber 2005 .- 15 - npovin
gi rection 8Fh?1'r1ee”fdgl’l§gp8§hﬁlo§ﬁjge8%. 2 Ea‘f}f%oﬁf’ t BFER rSSGSEERY it iOﬁ‘dygt ep,

the m xt Ur%hég%g}é%founhhsfh@ie)é%' cco?n%ﬁéﬁ’@é‘d! tgeﬁrﬁ‘%e%tp"é}at&e%tiggbttﬂ%

segnent may _ i mated based on the pdsi tion~ 0 e segnen T quel y
i ntersecti pgyam thebhecROVhg il @gu&rbfofthtehgiw e UL 28] KL e e

accordance with a ninth aspect of the present invention, there is provided
a program Hesi wlcnovh Nghea seghgnd.er for

The mixture-ratio estimating means may estimate the mixture
ratio of the pixel corresponding to the position on the segment
based on the position on the segment parallel to the moving
direction of the foreground object.

The mixture-ratio estimating means may estimate the mixture
ratio of the pixel corresponding to the position on the segment
based- on the position on the segment obliquely intersecting with
the moving direction of the foreground object.

In accordance with a seventh aspect of the present invention,
there 1is provided an image processing method for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating functiocn, said image processing method comprising: an
‘area specifying step of outputting area information used for
specifying, in correspondence with image data, a mixed area in
which foreground object components fprming a'foreground‘object

and background



processing i mage data which is fornmed of a predeterm ned nunber of pixe
data obtai ned by an image-capturing device including a predeterm ned
nunber of pixels, the pixels having a time integrating function, to
execute: an area specifying step of outputting area igf rmation ysed for
specifying, in correspondence with imge data, a m xe arear 1 ch
foreground object conponents form ng a foreground object and background
obj ect components form ng a background object are m xed; and a

m xture-ratio estimating step of estimating a m xture ratio indicating the
ratio of the foreground object conponengs_and the background object
conponents in the m xed area based on the area information and only the
movi ng di r esteon @fmddaentor eghowgd a Ohpe§iod a%subt Ngrd hatxddie apaxkur e
rati o changes substantially |linearlywith respect to a position of the

pi xel . | n thetuwiettrateéer atsicomesinigrabtsy stepssthasedthon at heipaskt igtioon a
segnent whose one end is positioned at a foreground area consisting of
only the fdrdgraiuimd 6bfevtticomfoneat & randotie dtilker 2oevenberar2DiBe- 16
end is positioned at a background area consisting of only the background
obj ect conpBRERI¥INdt ARI g FEAP R Herlsi RlE thieceri RE82 kased orhehsriarear e
ratio of the_pi corresponding to the position on the segnent may be

esti mat ed. lpﬁg%r?)f?_gcliﬁflxt e-Path 0" &St Matihg steP, °Phe® i ktar OF%?‘?O(Bm)éf t he
DX SorrSEPELEP L AL P A0, AL DE. SEETRL TR b S TBLAY, based
foregroundiohiect, witn respect to the position of the pixel.
In the mixture-ratio estimating step, based on the position
on a segment whose one end is positioned at a foreground area
consisting of only the foreground cbject components and the other
end is positioned at a background area consisting of only the
background object components, the segment traversing the mixed
area, the mixture ratio of the pixel corresponding to the
position on the segment may be estimated.
In the mixture-ratioc estimating step, the mixture ratio of
the pixel corresponding to the position on the segment may be
estimated based on the position on the segment parallel to the
moving direction of the-foreground object.
In the mixture-ratio estimating step, the mixture ratio of
the pixel corresponding to the position on the segment may be
estimated based on the position on the segment obliquely
intersecting with the moving direction of the foreground object.
In accordance with an eighth aspect of the present invention,
there is provided a recording medium ih which a computer-

readable program for processing image data which



In the m xture-ratio estimating step, the mxture ratio of the pixel
corresponding to the position on the segnent maybe estimted based on the
position on the segnment obliquely intersecting with the noving direction
of the foreground object. In accordance with a tenth aspeetmpér ddag present
invention, there is provided an inmage-capturing apparatus conprising:

i mage-capturing neans for outputting a subject inmage captured by an

i mge-capturing device including a predeterm ned nunber of pixels, the

pi xel s having a tine integrating function, as inmage data fornmed of a
predet erm ned nunber of pixel data; araa -specifying nmeans for outputting
area information used for specifying, in correspondence wth the inage
data, a m xéd fowad bA atpredetamegredundisd) et pooripdneatsbtfadnaiingy an
foreground object and background object conponents form ng a background
obj ect ar e impggewptantng xdayieer atnad uding mad | ryredespsnined esvilprmt i g a

m xture ratio indicating the ratio of the foreground object 2 Decenber 2005
- 16a conpdiehts &RE tPHEBECKYAGEAd BbjEEe cORPRHENERS T FUREiPxed Sar ea
based on the arcgaél information and only. the noving direction of _the

f or egr ound 657 E& Y by 248 BA? Fi™ r%’f“pf:ﬁ%”?ﬁ'xt U F51 SPERARGEY Y®BstAntial ly
linearly w ct posit. of th i xel he m xt -rati
estinatingohggﬁgﬁB y eé??%atgﬁﬁ%gggﬁu%h tﬁgghposf?ggnfﬁﬁégyggﬁ 'ntqﬁ%ose

one end iscpepdddcPRBACAlydn QhEEH QUUIRE, Al RBx&ONHedt § AGHAcHORbYedPfind
foreground object conponents and the other end is positioned at a

backgroundonj&e: Cobfpianig Gorfhy at >Aaekgi®usl;eh eshd CoApRMEAInS, the
segnent traversing the
object components forming a background object are mixed; and a
mixture~ratio estimating step of estimating a mixture ratio
indicating the ratio of the foreground object components and the
Background object components in the mixed area based on the area
information and only a moving direction of the foreground object
by assuming that the mixture ratio changes substantially linearly
with respect to a position of the pixel.

In the mixture-ratio estimating step, based on the position
on a segment whose one end is positioned at a foreground area
consisting of only the foreground object components and the other
end is positioned at a background area consisting of only the
background object compconents, the segment traversing the mixed
area, the mixture ratio of the pixel corresponding to the
positién'on the segment may be estimated.

In the mixture-ratic estimating step, the mixture ratio of

the pixel corresponding to the position on the segment may be

estimated based on the position on the segment parallel to the



m xed area, the mxture ratio of 2 Decenber 2005 - 17 the pixe
corresponding to the position on the segnent. The m xture-ratio estimting
means nmay estimte the mxture ratio of the pixel corresponding to the
position on the segnent based on the position on the segEAbelAedl | €l toO

5 the nmoving direction of the foreground object. The m xture-ratio
estimati ng neans nmay estimate the mxture ratio of the pixel corresponding
to the position on the segnment based on the position on the segment
.obliquely intersecting with the noving direction of the foreground 10
object. In correspondence with inmage-degsa, a mxed area in which
foreground object conponents form ng a foreground object and background
obj ect conpowient slifertiongos tiackKgreweindobbesit.are m xed and a non-m xed
area fornmed of a foreground 15 area consisting of only the foreground

obj ect conponeht stiddrixtsaekipoindsdieat Bohst P nghef rérkyrea heatdaclkedr ound
obj ect conponents_are specified. Based on the ratio of the wdth of the
m xed area i H1PFedEVHITPARYRA rett Fivh RATTIPRspRcEN® t BT IdRAYnge

direction of _the foreground object conponent, 2Q.the width of . the m xed
ot ea bot g Torkifia L BAREH MoODLBE! SOTRIREN an ZHpeh® ellofedt CLpl Il

o oo e ELH A, Rt Lheeniog of deaamlatenigdle |
foreground obj g¢tacQFRORENtS tANE tH8th aspect of the present invention,
there is provided a program for allowing a computer for
processing image data which is formed of a predetermined number
of pixel data obtained by an image-capturing dewvice including a
predetermined number of pixels, the pixels having a time
integrating function, to execute: an area specifying step of
outputting area information used for specifying, in
correspondence with image data, a mixed area in which foreground
object components forming a foreground object and background
object components forming a background object are mixed; and a
mixture-ratio estimating step of estimating a mixture ratio
indicating the ratio of the foreground object components and the
background object components in the mixed area based on the area
information and only the moving direction of the foreground
object by assuming that the mixture ratio changes substantially
linearly with respect to a position of the pixel. -
In the mixture-ratio estimating.step, based on the position
on a segment whose one end is positioned at a foreground area

consisting of only the foreground object components and the other



25 background obj ect conponents of the designated pixel is 2 Decenber 2005
- 18 estimated. Area information used for specifying, in correspondence
with inmage data, a mxed area in which foreground object conponents
form ng a foreground object and background object 5 comresgsBts2dogrm ng a
background object are mxed is output. A mxture ratio indicating the
rati o of the foreground object conponents and the background object
conponents in the mxed area is estimted based on the area information
and the noving direction of the foreground object by 10 assumi ng that the
m xture ratio changes substantially Jdimgearly with respect to the position
of the pixel. Wth this arrangenent, the m xture state in an imge can be
detect ed. 1&n®riefpdegdpnpti oh of badigyrOnani agsa Riansiktihd ust ratles tar
enbodi ment of an inmage processing apparatus according to the present

i nventi on. PErEgrunds oRiptockombangnam i Fhestegndnig tseernbe thy guiesdi ng

apparatus. 20 Fi%. 3 illustrates the_ imge capturing perfornmed by a

sensor. Fi §¥%% i PEstHat@set He@tdPr aifgeirBRt RIfRepi x&ILespPing | FasttPSt es the
operation of atdetect{on devi ce. F'%. QA. iléustrates an i mage obt ai ned by
i mge 25 cgﬁﬁhr¥ﬁb°3nIgﬁfﬁﬁFe%%FFgé% ndfi 1§ 28%a moving foreground and

In the mixture-ratio estimating step, the mixture ratic of

the pixel corresponding to the position on the segment may be

| estimated based on the position on the segment parallel to the

‘moving direction of the foreground object.

In the mixture-ratio estimating step, the mixture ratioc of
the pixel corresponding to the position on the segment may.be
estimated based on the position on the segment obliquely
intersecting with the moving direction of the foreground object.

In accordance with a tenth aspect of the present invention,
there- is provided an image-capturing apparatus comprising:
image-capturing means for outputting a subject image captured by
an image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, as image
data formed of a predetermined number of pixel data; area
specifying means for outputting area dinformation wused for
specifying, in correspondence with the image data, a mixed aréa
in which foreground object components forming a foreground object
and background object components forming a background object are
mixed; and mixture-ratic estimating means for estimating a

mixture ratio indicating the ratio of the foieground object



2 Decenber 2005 - 19 an object corresponding to a stationary background.
Fig. 6B illustrates a nodel of an inmge obtained by image-capturing an

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

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

i mge obtained by inmge-capturing an object corresponding to a stationary
foreground and an the object corresporging to a stationary background.

Fig. 9 illustrates a nodel in which pixel values are 15 expanded in the
time directoopomtst hed pard dbdckpravaspalsikidig copordigss bt trer mb ke® drea
divided. Fig. 10 illustrates a nodel in which pixel values are expanded in
the time dbreedi on el atve pgafpothtdonr esgondingthe gnaegsHareerion wf i s
divided. 20 Fig. 11 illustrates a nodel in which pixel values are expanded

in the timEP8i FRaITGARANPIE Pér 2 oEBEr BRPporidiengikbuihaadhnt Eoanasne i s
di vi ded. Fi ates_an exanple in which pixels in _a foGgground

12 i.l tr. i
e es e S oAl Bl e B o iR e &P Theleiop st a8 Pl

The mixture-~ratio estimating means may estimate, based on the
position on a segment whose one end is positioned at a foreground
area consisting of only the foreground object components and the
other end is positioned at a background area consisting of only
the background object components, the segment traversing the

mixed area, the mixture ratio of



2 Decenber 2005 - 20 Fig. 13 illustrates the rel ationships between pixels
and a nodel obtained by expanding the pixel values in the tinme direction.
Fig. 14 illustrates a nodel in which pixel values are 5 expanded in the
time direction and the period corresponding to the sh S
divided. Fig. 15 illustrates a nodel in which pixel ?E%gkg%%pﬁ%¥banded in
the time direction and the period corresponding to the shutter tine is
divided. 10 Fig. 16 illustrates a nodel in which pixel values are expanded
inthe tinme direction and the perlod corresponding to the shutter tine is
divided. Fig. 17 illustrates a nodell7n"which pixel values are expanded in
the time direction and the period corresponding 15 to the shutter tine is
divided. Fig. 18 illustrates a nodel in which pixel values are expanded in

the ti mhaipiectli e ardpoel ipey ited oy esPoimen tthd heglatder tine is

divided. Fig. 19 is a flowhart illustrating the processing for 20

adj usting t Fbeamyntirefrapibonshlinatikiggme2@si mag bkotladieagham
illustrating an exanple of the configuration of an area specifying unit
103. Flngxtzllfa |Hagstor atfedhan piinege asheresprombijrectto dore esydrdiong dro a

foreground is noving. 25 Fig. 22 illustrates a nmodel in which pixel values
are the segment based on the position on the segment parallel to

5 the moving direction of the foreground object.

The mixture-ratio estimating ﬁeans may estimate the
mixtﬁre ratio of the pixel corresponding to the position on
the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground

10 object.

In correspondence with image data, a mixed area in
which foreground cbject components forming a fofegrouhd
object and background object components forming a background
object are mixed and a non—-mixed area formed‘df a foreground

15 area conéisting of only the.foreground object components and
a backgfound area consisting of only the background object
.compdnents'are speéified. Based on the ratio of the width
of the mixed atea~in a predetermined direction with respect
to the moving direction of the foreground objeét component,
_20 the width of the mixed areé being_specified by the area

information, to the distance from the position of a
designated pixel to the edge of the mixed'a;ea in the

. predetermined direction, a mixture rﬁtio’indicating the
ratio between the foregrouhd.object components and the

25 ‘background object components of the designated pixel is



2 Decenber 2005 - 21 expanded in the tine direction and the period
corresponding to the shutter tine is divided. Fig. 23 illustrates a nodel
in which pixel values are expanded in the tine direction and the period
corresponding 5 to the shutter tine i.s divided. Fig. I es a
nmodel in which pixel values are expanded in the tine %#?gébyéﬁﬁgﬁd t he
period corresponding to the shutter tinme is divided. Fig. 25 illustrates
the conditions for determning the 10 area. Fig. 26A illustrates an exanple
of the result obtained by specifying the area by the area specifying unit
103. Fig. 26B illustrates an exanpré-éf_the result obtained by specifying
the area by the area specifying unit 103. Fig. 26Cillustrates an exanple
of the result obtained. by specifying the area by the area specifying unit
103. FregtipebDed.| ustrates an exanple of the result obtained by specifying
the area by the area specifying unit 103. Fig. 27 illustrates an exanpl e of
the result obrafntefQondyiepecsddifor treciainy, tite aree gpecidndeng uni t
103. Fig. 28 is a flowhart illustrating the area specifying processing.
Fig. 29%i$haippgekdatagr anvikpdseradi g whbtheforsanpled o] et
configuration of the area specifying unit 103. 25 Fig. 30 illustrates a
nmodel iﬁOWﬁPBﬁnﬁﬁngrWéPﬁe§ fpgedround object and background cbject

5 components forming a background object are mixed is output.
A mixture ratio indicating the ratio of the foreground
. object componeﬁts and the background object components in
the mixed area is estimated based on the area informatioﬁ
and the moving direction of the foreground object by
10 assuming that the mixture ratio changes substan£ially
linearly with respect to the position of the pixel.

With this arrangement, the mixture state in an image

can be detected.

15 Brief Description of the Drawings

Fig. 1 illuétrates an embodiment of an image processing
apparatus according to the present invention.
Fig. 2 is a block diagram illustrating the image
processing apparatus.
720 Fig. 3 illustrateé‘ﬁhe image capturing performed by a
Sensor. | |
Fig. 4 illustrates the arrangement of pixels.
Fig. 5 illustrates the operation of a detection device.
Fig. 6A.illustrateé-an image obtained by image-

25 capturing an object corresponding to a moving foreground and.



2 December 2005 - 22 expanded in the time direction and the peri od
corresponding to the shutter tine is divided. Fig. 31 illustrates an
exanpl e of a background inage. Fig. 32 is a block diagramillustrating the
5 configuration of a binary-object-inage extracting portion 3 Fig. 33A
8ot 2ops

illustrates. the calculation of a correlation value. ustrates
the cal cul ation of a correlation 10 value. Fig. 34A illustrates the
calculation of a correlation value. Fig. 34B illustrates the cal cul ation
of a correlation value. 15 Fig. 35 illustrates an exanple of the binary
object: image. Fig. 36 is a block dié§r§n1illustrating the configuration
of a time change detector 303. Fig. 37 illustrates determ nati ons nmade by
an area 20 determining portion 342. Fig. 38 illustrates an exanpl e of

det er i @&t dlojsc racker rdypdididd Mo chagnget Uet £6F BadlFrolhd: 39 is a
flowchart illustrating the area specifying processing perforned by the

area speci f Wiy OH il tr2Ges B goddl iof arf liawkfArdbtdilnest mgt i ng detail s
of the area _ _
1mage-captur1ng an object corresponding to a moving
foreground and an object corresponding to a stationary
5 background.
Fig. 7 illustrates a background area, a foreground area,
" a mixed area, a covered'badkground area, and an uncovered
background area. |
| Fig. 8 illustrates a model obtained by expanding in the

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

Fig; 9 illustrates a model in ﬁhich pixel'values are

.15 ekpanded in the time direction and the period corresponding

. to the shutter time is divided. |
Fig. 10 illustrates a model in which pixel values are
'e#panded in the time direction and the'pefiéd corresponding-
to the shutter time is divided.

20. Fig. llrillus£rétes a model in which pixel values are
expanded in the time diréction and the pefiod corresponding
to the shutter time is divided.r |

Fig. 12 illustrates an example in which pixéls in a
foreground area, a background area, and é-mixed area are.

- 25 extracted.



2 Decenber 2005 - 23 specifying processing. Fig. 41 is a bl ock diagram
illustrating still another configuration of the area specifying unit 103.
Fig. 42 is a block diagramillustrating the 5 configuration of a

r obust - processing portion 361. Fig. 43 illustrates noti ﬂgagﬂi%tion
performed by a notion conpensator 381. Fig. 44 illustrates notion
conpensation perfornmed by the notion conpensator 381. 10 Fig. 45 is a
flowchart illustrating the area specifying processing. Fig. 46 is a
flowchart illustrating details of the robust processing. Fig. 47 is a

bl ock diagramillustrating the 15 totffiguration of a m xture-ratio
calculator 104. Fig. 48 illustrates an exanple of the ideal mxture ratio
a. Fig. 49 illustrates a nodel in which pixel values are expanded in the

tinme directi@igand3t he1peti88e§OLheSPONELNENINi b bEESOYILBETine i

divided. Fig. 50 illustrates a nmodel in which pixel values are expanded
in. the ardm diodedt icbntadnedt bg pephadicer tespprsiengvalQebhenshybter tine is
divided Fig. 51 illustrates a nodel in which pixel values are 25 expanded
in the tiime diimecttiion.and the period corresponding
Fig. 14 illustrates a model in which pixel values are
5 expaﬁded in the time direction and the period correSpOnding
to the shutter time is divided.
Fig. 15 illustrates a model in which pixel valués are
expanded in the time direction and the period corresponding
to the shutter time is divided.
i0 Fig. 16 illustrates a mpdel in which pixel values are
equnded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 17 illustrates a model in which pixel valueé are
expanded in the time direction and the period corresponding
15  to the shutter time is divided.
Fig. 18 illustrates a model in which pixel values are
expanded in the timg direcﬁion and the period corresponding
to the shutter time is divided. | |
Fig. 19 is a flowchart iliustrating the processing for
20 adjusting the ambunt;of motion blur.
Fig. 20'15 arblock'diagrém illuétrating an example of
the configuration of an area specifying unit 103.
- Fig. 21 illustrateé an image Qhen an_objeét
borresponding to a foregroﬁnd is moving.

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



- 24 to the shutter tine is divided. Fig. 52 illustrates a nodel in which
pi xel values are expanded in the tinme direction and the period
corresponding to the shutter tine is divided. 5 Fig. 53 illustrates the
processing for calculating the 10 mxture ratio a. Fi gy RéichBefoddsonchart
illustrating the processing for calculating the mxture ratio a. Fig. 55
is a flowhart illustrating the processing for calculating the m xture.
ratio a of a pixel belonging to the mxed area. Fig. 56 is a bl ock di agram
illustrating an exanple of the configuration of a foreground/ background
separator 105. Fig. 57A illustrates2an-i nput inmge, a foreground 15
conponent image, and a background conponent image. Fig. 57B illustrates a
nodel of an input image, a foreground conponent inmage, and a background

COMPONCEkpARIGE. in Ffl Sind |AULEGLES FudOgL b0 01 o Bl el yalyes are

expanded 1n the time direction an peri1od ‘correspon t he

“shuttertdi fRei Shevddeghndi 0z PR-iddystrates a nodel in which pixel values
are expanded in the tine direction and the period corresponding to the

s :mt ter tinrig diviidedstiiadestQ idddest gt &% idnMpdslk 1l FaMiech pixel val ues
are expanded in the time direction and the period corresponding B
5 to the shutter time is divided.
Fig.'24 illustrates a model in which pixel values are
' expanded in the time direction and the period corresponding
" to the shutter timé is dividéd. |
Fig. 25 illustrates the conditions for determining the
10 area.
Fig. 26A illﬁstrates an example of the result obtained
by specifying the area by the area'specifying unit 103,
Fig; 26B illustrates an exampie of the result obtéined

by specifying the area by the area specifying unit 103.

15 Fig. 26C illustrates an example of the result obtained

by specifying the area by the area specifying unit 103.

Fig. 26D illustrates anréxample of the result obtained
_by specifying the area by thé'area specifying unif 163.
Fig. 27 illustrates an example of-the result obtained
26 by specifyihgrthe'area by the area specifying unif 103.
Fig. 28 is a flowchart illustrating thé area specifying
proéessing.
Fig. 29 is a block diagram illustrating another example
of the configuration of the afea'5pecifying unit 103.

25 - Fig. 30 illustrates a model in which pixel values are



25 expanded in the tinme direction and the period correspondi ng 2 Decenber
2005 - 25 to the shutter tine is divided. Fig. 61 is a block diagram
illustrating an exanple of the configuration of a separating portion 601.

Fig. 62A illustrates an exanple of a separated 5 for egrg&g,qbgpmggnent
image. Fig. 62B illustrates an exanple of a separated backgrou conponent
image. Fig. 63 is a flowhart illustrating the processing for separating a
foreground and a background. 10 Fig. 64 is a block diagramillustrating
anot her configuration of the inmage Egocessi ng apparatus according to- .the
present invention. Fig. 65 is a block“diagramillustrating the
configuration of a noving-direction estimating unit 701. 15 Fig. 66
illustrates block matching of a notion-vector detector 721. 20 Fig. 67A
i |1 ust regesnded eval st i Oimd| dickect Forg. arGV BHd Ipestiroal e rafes@ealdialg on bl ock.
Fig. 67Cillustrates an evaluation block. Fig. 67D illustrates an
eval uattontig okitter ¢hing8 is dibidsk. diagramillustrating the
configuration of a mxture-ratio calculator 702. Fig. 69 is a flowhart
illustrati ndhe31l illustrates an example of a background image.
Fig. 32 is a block diagram illustrating the
5 configuration of a binary-object-image extracting portion
302.
Fig. 33A illustrates the calculation of a correlation
value.
Fig. 33B illustrates the calculation of a correlation
10 wvalue.
Fig. 34A illustrates the calculation of a correlation
value.
Fig. 34B illustrates the calculation of a correlation
value.
15 Fig. 35 illustrates an example of the binary object
image.
Fig. 36 is a block-diagram illustrating the
configuration of a time change detector 303.
Fig. 37 illustrates determinations made by an area
20 determining portion 342.
Fig. 38 illustrates an example of determinations made
by the time change detector 303.
Fig. 39 is a flowchart illustrating the area specifying

processing performed by the area specifying unit 103.

25+ . . Fig. 40°is a flowchart illustrating details of the area



f or egr ound/ background separation processing. - 25 Fig. 70 is a flowhart
illustrating the noving 2 Decenber 2005 - 26 direction obtaining
processing. Fig. 71 is a flowhart illustrating the processing for
calculating the mxture ratio a. Fig. 72 is a flomcharh[kkgﬁggr gsng the
processing for 5 calculating the mxture ratio a of a pixe elonging to
the mxed area. Fig. 73 is a block diagramillustrating still another
configuration of the image processi ng apparatus according to the present
invention. 10 Fig. 74 is a flowhart illustrating the ;

f or egr ound/ background separati on proééssing. Best Mde for Carrying Qut the
Invention Fig. 1 illustrates an enbodi nent of an inage processing .15
-apparatus according to the present invention. A CPU . (Central Processing

Unit) 23pexecuirs yaséosisitypes of processing according to progranms stored
in a ROM (Read Only Menory) 22 or in a storage unit 28. Prograns executed

by the CPURyaml dai & afled aiediram a 1RAMHRaNGQMAGCEs andknMgnory) 23 as
required. The CPU 2.1, the ROM 22, and the RAM 23 are connected to each

ot her byonf bysr2dior\o f Nt / ok pudpéai Brfrageun 25 i®3 al so connected to the
CPU 21 via the bus 24. An input unit 26, which is forned of a keyboard, a
mouse, a m diigphdiie,isard ean diagdaan iddysitrating the - '
5 configuration of a robust-processing portion 361.
Fig. 43 illustrates motion compensation pérformed by a
motion compensator 381.
Fig. 44 illustrates motion compensation performed by
the motion compensator 381.
16 Fig. 45 is a flowchart illustrating the area specifying
processing. | |
Fig. 46 is a flowchart illustrating details of the
robust processing.
Fig. 47 is é block diagram illustrating the
15 configuration of a mixture-ratio calculator 104.
Fig. 48 illustrates an example of the ideal mixture
ratio «.
Fig. 49 illustrates a model in which pixél values are
expanded in the time direction and the period corresponding
20 to the shutter time is divided.
Fig. 50 illustrates a model in which pixel values are
expanded in the time direction and the period éorresponding
to the shutter time is divided.
fig..Sl illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



25 unit 27, which is formed of a display, a speaker, and so on, 2 Decenber
2005 - 27 are connected to the input/output interface 25. The CPU 21
executes various types of processing in response to a command input from
the input unit 26. The CPU 21 then outputs an inmage O§D@8Qﬂgbngglned as a
result of the processing to the output unit 27. The storage unit

connected to the input/output interface 25 is forned of, for exanple, a
hard di sk, and stores prograns executed by the CPU 21 and vari ous types of
data. A comuni cation unit 29 conmunicates with.an external device via the:
I nternet or another network. In thrszéxénple, t he conmuni cation unit 29
serves as an obtaining unit for obtaining an output of a sensor.

Al ternatively, a programmay be obtained via the conmunication unit 29 and
stored to the shotage ubmé 28.dibidedri ve 30 connected to the input/output
interface 25 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disFi&B, % sdniiwonduwsor mererly i5d widicH e deilkealuabearsuch a
recording nediumis attached to the drive 30, ‘and obtains a program or

dat a stefrRandedt e tor r’@gp@mxﬁgcmnmmmhé’tmnbicammdym@rcﬁmwr data is:
transferred to the storage unit 28 and stored therein if necessary. Fig. 2
i s a bletktRE aFrakF ST | bigee atd i vited mage processing apparatus. It does

not matter V\/qet her_ t he i ndividual functions of
5 Fig. 53 illustrates the processing for calculating the

mixture ratio wo.

Fig. 54 is a flowchart illustrating the processing fdr
calculating the mixture ratio a. |

Fig. 55 is a flowchart illustrating the processing for

10 calculating the mixture ratio o of a pixel belonging to the
mixed area. |

Fig. 56 is a block diagram illusﬁrating an example of
the configuration of a foreground/background separator 105:

Fig. 57A illustrates an input image, a foreground

15 component image, and a background component image.

Fig. 578 illustrates a modei of an input image, a
foregrouﬁd‘COmponeht‘image, and-a backgrouﬁd'component image.

Fig. 58 illustrates a model in wﬁich pixel values are

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

Fig. 59 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 60 illustrates a model in whiéh—pixel values are

25 expanded: in the time direction_and the period corresponding



25 the image processing apparatus are inplenented by hardware 2 Decenber
2005 - 28 or software. That is, the block diagrans of this .specification
may be hardware bl ock diagranms or software functional block diagrams. In
this specification, an inmage to be captured 5 correspongRenmib& 2as0bj ect in
the real world is referred to as an inmage object. An input inmage supplied
to .the inage processing apparatus is supplied to an object extracting unit.
101, an area specifying unit 103, and a foreground/ background 10 separ at or
105. The object extracting unit 101 extracts a rough i mage object
corresponding to a foreground object28ontained in the input inage, and
supplies the extracted inmage object to a notion detector 102. The object
extracting unit 101 detects, 15 for exanple, an outline of the foreground

i mage ofp eche SRt APed i {hegippdgi mage so as to extract a rough inage
obj ect corresponding to the foreground object. The object extracting unit

101 .extract ¥igy.r Gugh.d TREA o Abjd8GIGrGa! ARG 0 23 Q%%gg%ua% obj ect

contained in the 20 input image, and supplies the extracted i mage obj ect
to the thmtdont dpiect oin R.a Hep 0k €0lg @dfecdd nghunit 101 extracts a

rough i mage object corresponding to the background object from for -
exanpl e, th&idi.f fe@rerddeubetrares ahhexanplle iofage sapdrhiRegextracted i mage
obj ect correspondi ng
5 foreground component image.
Fig. 62B illustrates an example of a separated
' background componént image.
Fig. 63 is a flowchart illusfratiﬁg the processing for
separating a foreground and a background.
10 _ lFig. 64 is é block diagram illustrating another
configuration of the image processing apparatus according to
_the present'inventibn. |
Fig: 65 is a block diagram illustrating the
configuration of a moving-direction estimating unit 701.
15 Fig. 66 illustrates block matching of a.motion—vector
| detector 721.
Fig. 67A illustrates an evaluation block.
Fig. 67B illustrates an evalﬁatiéﬁ block.
Fig. 67C illustrates an evaluation block.
26' : '_ Fig. STD.illustrates an evaluation block.
Fig. 68 is a block diagram illustrating the
configurationAof-a mixture-ratio calcuiator,?OQ.
Fig.r69 is a flowchart illustrating the
foreground/baékground separation procéssing.

25+ - Fig. 70 is a flowchart illustrating'the moving-—



25 to the foreground object. 2 Decenber 2005 - 29 Al ternatively, for
exanpl e, the object extracting unit 101 may extract the rough inage object
corresponding to the foreground object and the rough i mage object

corresponding to the background object fromthe d'ffeéﬁﬂegm SioMpgn the 5
background image stored in a built-in background menory an the 1 nput

i mge. The notion detector 102 calculates a notion vector of the roughly
extracted i mage object corresponding to the foreground object according to
a techni que, such as block 10 matchin gradi ent, phase correlation, or

pel -recursive technique, and supprlé the cal cul ated notion vector and the
noti on-vector positional information (which is information .for specifying
the positions of the pixels corresponding to the notion vector). to the
area spetrégthon urbhtaibih@norddwessildsgm xture-ratio cal cul ator 104. The
notion vector output fromthe notion detector 102 contains information

cor r espondi fg<-0 tthé saro diliowsthary éngnts tra t2@gThéempiriocee sdehec ttor 102 may
out put the notion vector of each inmage object, together with the pixel

posi ti ofat cuiFErardtiomiaruspetitid my. t he pixels for the image object, to

t he area speC|fy|ng unit 103 and the m xture-ratio cal cul ator 104.
, 72 1is a flowchart illustrating the processing for

5 calculating the mixture ratioc o of a pixel belonging to the
mixed area. |
Fig. 73 is a block diagram illust;ating still another
configuration of the imagé processing apparatus accordiné to
the present invention. | |
10 Fig. 74 is a flowchart illustrating the

foreground/background separation processing.

‘Best Mode for Carrying Out the Invention
Eig.'lrillustrates an embodiment of én image processing
15  apparatus according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of
pbrocessing according to programs stofed in a ROM.(Read Only
Memory) 22 or-ih a storége unit 2é; Programs executed by
the CPU 21 and data are stored in a RAM {(Random Access
20 Memory) 23 as'requited. fhe CPU 21,=the ROM 22, and the RAM
',723 are connected to each other by a bus 24.
An input/output . interface 25 is also connected to ‘the
CPU 21 via the bus 24. An input unit 26, which is formed of
a-keyboard, a mouse, a microphone, and so .on, an& an cutput

.25 unit 27, which is formed of a display, a speaker, and éo on,



The amount of novenment v is a value indicating a 25 positional change in
an i mage corresponding to a noving 2 Decenber 2005 - 30 object in units of
the pi xel pitch. For exanple, if an object imge corresponding to a
foreground is noving such that it is displayed at a p@%kkbﬁgefﬂﬁE pi xel s
away froma reference frame when it is positioned in the subsequent 5
frame, the anmpbunt of novenent v of the object inage corresponding to the
foreground i's 4. The area specifying unit 103 determ nes to which of a
foreground area, a background area, or a m xed area each pixel of the

i nput i mage bel ongs, and supplies rnEdrmation 10 indicating to which area
each pi xel belongs (hereinafter referred to as "area information") to the
m xture-ratio calculator 104 and the foreground/ background, separator 105.

The m xateecswhéoOrsal €6l ehOridPdt Labgubat Bscdheadd Xddir e patdgy 21
corresponding to the pixels contained in a mxed area 15 (hereinafter

ref er r eéxéouiss tier i olxt tyges abf prSJehases DN tddmid of wector and the
positional information thereof supplied fromthe notion detector 102, and
t he ar egommnaidr imbpiont seppthedidpom diier ad@a spesidpt gL wldn 103, and
supplies the calculated mxture ratio to the 20 foreground/ background

separ at@?tHwOEs dthelimige we satnd cblisiraed/dle irghwcat igfy die ratio of the
inage conponents corresponding to the background object (hereinafter also
be Pef RFRRPIDIRE TChalhg roumritonponeit s") ' '

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

10 device Via‘tﬁe Internet or another network. In thislexample,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor;

Alternatively, a program may be obtained via the
communication_unit 29 and stored in the étorage unit 28.

15 A drive 30 connected to the input/ﬁutput interface 25
drives a maggetic disk 51, an optical disc 52, a magneto-
~optical disk 53, a semiconductorrmemory 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

Zﬁ ‘medium. The obtained program or data is transferfed to the
storagé unit 28 and stored therein if necessary.

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

It does not matter whether-the individual funcﬁions of

25 the. image processing apparatus are implemented by hardware



to the pixel value as expressed by equation (3), which-is 25 shown bel ow
2 Decenber 2005 - 31 The foreground/ background separator 105 separates the
i nput inmage into a foreground conponent image forned of only the inmage
conponents corresponding to the foreground object (hebgilafbefo@sso be
referred to as "foreground conponents”) S and a background conponent i nmage
formed of only the background conponents based on the area information
supplied fromthe area specifying unit 103 and the mxture ratio a
supplied fromthe m xture-ratio cal cul ator 104, and outputs the foreground
conponent image and the backgr ound‘c@ﬁpc‘ment i mge. A nore precise '
foreground and background can be obtai ned conpared to a known nethod in
which only a foreground and a background are specified w thout

consi desikngofheané xedTRsitais Anthapblotbgeagudns i @b £10id he i mage processing
.apparatus is discussed below with reference to Figs: 3 through 18. Fig. 3
i |l ustrapesifigeicaptaying perdwanedobycla dsemsans dhess®nsare i s f or ned
of, for exanple, a CCD 20 (Charge-Coupl ed Device) video canera provided
with a Dopctheeal sehsok , divdcdms s a solid-state image-capturing device. An
obj ect 111 corresponding to a foreground in the real world noves, for
exanpl e, horizditid |18pggidrhaaid.dref tart dmage to be captured

5 corresponding to an object in the real world is referred to
as an image object.

An input image supplied to the:image processing
apparatus is supplied to an object extracting unit 101, an
area specifying unit 103, and a foreground/background

10 separator 105.

The object extracting unit 101 extracts a rough image
object correspénding to a foreground object containéd in the
input image, and supplies the extracted: image object to a
motioﬁ detectqr 102. The cbject extracting unit 101 detects,

15 for example, an outline of the foreground image object
confaiﬁed in the input image so as to extract a rough image
. object corresponding to the fqreground object.
The object extracting unit 101 extracts a rough image
object corresponding to a background object contained in the
20 input image, and supplies the extracted image object to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding‘to the
badkground object from, for example, the differenée between
the inpqt image and the extracted image object corresponding

© 25 to the foreground object.



right, between an object 112 corresponding to a background 25 and the
sensor. 2 Decenber 2005 - 32 The sensor captures the inage of the object
111 corresponding to the foreground together with the i mage of the-object
112 corresponding to the background. The sensor out put petdigbsraiogr ed i mage
inunits of frames. For exanple, 5 the sensor outputs an imge having 30
frames per second. The exposure tine of the sensor can be 1/30 second. The
exposure time 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 102Pi ni shed. The exposure tine is also
referred to as a "shutter time". Fig. 4 illustrates the arrangenent of

pixels. In Fig. 4, Athrough | indicate the individual. pixels. The pixels

are di sposediidreraailiard yof farcexsegnendivhg iorgeet Orerhzcdeechien device.
correspondi ng to each pixel is disposed on the sensor. Wen the sensor

per f or k01 reRye @siptant ndhe eaniyh detapd i aleyi@er idfUHES iy Rlocalne/al ue of
the corresponding pixel formng the image.. For exanple, the position of
the def®etgeommbliedtn ate tuairest dmapr rasipands:dra-ddpondialg zont al
direction on the inmage, while the position of the detection device in theé
Y di rectq ori® dradgonay abiant Vieran ddie dlirfdtticpreometthedmede As shown in

Fig 5,'tq§ detection device, which is, for
5 “'bac ground image stored in a built-in background memory and

the input image.

The motion detector 102 calculates a motion vector-of
the roughly extracted image object corresponding to ﬁhe '
foreground object accofding to é technique, such as block

10 matqhing, gradient, phase correlation, or pel-recursive
technique; and supplies the calculated motion vector and-the
mqtiOn—vector-positional information (which is information
_for specifying the positions of the pixels corresponding to
the motion vector) to the area specifying unit 103 and.the

15 mixture-ratio calculator 104.
'.The motion vector output from the motion detector 102
qontains information éorresponding to the amount -of movement
3 o
Ihe motion'détector‘102 may output the motion vector of
, 2O each iﬁage 6bject; together with the pixel positional
information for specifying the pixels for the image oﬁject,
to the area specifying unif 103 .and the mixture-ratio
calculator 104.
The amount of movement v is a value indicating a

25  positional change in an .image corresponding to a moving



exanple, a CCD, converts input light intoelectri cal char ge 25 during a
period corresponding to a shutter time, and stores 2 Decenber 2005 - 33
the converted el ectrical charge. The amount of charge is al nost

proportional to the intensity of the input |ight and i or whi ch
the light is input. The detection device sequentiall yé E%ggrﬁ%rce%g%ect rical
charge converted 5 fromthe input light to the stored electrical charge
during the period corresponding to the shutter tinme. That is, the
detection device integrates the i ngu(tiol i ght during the period
corresponding to the shutter tine and“stores the electrical charge
corresponding to the anount of integrated 10. light. It can be considered
that the detection device has an integrating function with respect to
time. ThkJerécinig¢nitshafgthstpirdlipitble. deFectéoammsbyj cefisn converted
into a voltage value by a circuit (not shown),; and the voltage value is
furt heroébﬁvgr%’é@% ntoraeppxedingl te, a 160 seghowsd di ginatrimdatayctand i s

out put. Accordingly, each pixel value output fromthe sensor is a val ue
proj ect B#@bnih 1§ laypedeat whiepsisien rewur tpfelntadpntfmgn & certain

t hr ee-di-nensi onal _portion of the object corresponding to the foreground or
t he backgtotRtdCH trAPespeer 1o ihePepttienedoinitee THes¢qareye: processi ng

appar at s eé(tr cts si%i ficant information enbedded in the output signal,
for “exahpi e, theS HRIRAT T ATEECRY ¥ HeE sthf R pler’diadmh of the sensor.

corresponding to the foreground is 4.

The area specifying unit 103 determines to which of a
fofeground area, a background area, or a mixed afea each‘
pixel of the input image belongs, and supplies information

10 indicafiﬁg to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104 and the foreground/backgrpund,separatof 105.

The mixture-ratio calculator 104 calculates the mixture

- ratio corresponding to the pixels contained in a mixed area

15 {hereinafter referred to as the "mixture ratio ") based on
the motion vector and the positional informatién thereof
suppliéd'from the motion detector 102, and- the area
information supﬁlied from the area specifying unit 163, and
supplies the calculated mixture ratio to the

20 'foreground/background separator 105.

Thé mixture ratio a,ié a value indicating the ratio of
the image components corresponding té the background object
(hereinafter also be referred to as "background components")
to the pixel value as expressed by equaticn (3), which is

25 shown below.



The. i nmage processing apparatus adjusts the anobunt of 25 distortion, for
exanpl e, the anount of notion blur, caused 2 Decenber 2005 - 34 by the
m xture of the foreground i mage object itself. The inage processing
apparatus al so adjusts the anount of distortion causedyeths JHgst ure of
the foreground . i mage object and the background i mage object. Ig. 6A
illustrates an inage obtained by capturing a noving object correspondi ng
to a foreground and a stationary object corresponding to a background.

Fig. 6B illustrates - an inmage obtaingg by capturing a noving object
corresponding . to a foreground and a“sStationary object corresponding to a
10 background. Fig. 6A illustrates an inage obtai ned by capturing a noving

obj ect corresponding to a foreground and a stationary object correspondi ng
t o a backgr 8irad folrrgtrbandYbapke rohodn seipa reitgr GAS5 theaehjrest therr espondi ng
to the foreground is 15 noving horizontally fromthe left to the right with
r espectlnRWY tiF@gss dinden.a Hiqred3Rudd ustmpairemnta inmpded fabimeidned oy lgxpandi ng
pi xel values corresponding to one line of the image shown in Fig. 6A in
the ti rd'iFE@g GPmPPREHE icumespadidie iton Wivovie Hay 20k gbjeBt

corresponds to the spatial direction Xin Fig. 6A. The values of the pixels
in the @'z%ﬁ?gﬁ“&fr‘f&raiaééo &ce rafgnred 39 2 r'danass ddick goowedendsionent s,

that is, the, i e conponents corresponding to the background object.
E ané a baéﬁ%%oun&ﬂ%omponent imaé% forﬁ%d of only-tﬁ% :

- background components based on thé area informaﬁion supplied
frpm the area specifying unit 103 and the mixture ratio «
supplied from the mixture-ratio calculator 104,_and outputs
the foregfound component image and the background component

10 image.

A more precise foreground and background can be
obtained compared to a known method in which only a
foreground and a background are specified without
considering the mixed area.

15 " An input image suppliéd to the image processing
Aapparatus is discﬁssed below with reference to Figs. 3
throﬁgh 18. |
| Fig. 3 illust:ateslimage capturing performed by a

-sensor. The senso; is formed of, for example, a CCD

20 (Charge—Coupled Device) video camera provided with a CCD
‘area éensor, which is a solid—étate image~capturing device.
An objecf 111 corresponding to a foreground in tﬁe real
world moves, for éxample,‘horizontally from the left to the
right, between an object 112 corresponding to a béckground

25 and the sensor.



The val ues of the pixels in the foreground area are fornmed 25 only fromthe
foreground conponents, that is, the image 2 Decenber 2005 - 35 conponents
corresponding to the foreground object. The val ues of the pixels of the

m xed area are formed fromthe background conponents anshbh@ef S6g0r ound
conponents. Since the values of the pixels in the mxed area are forned 5
fromthe background conponents. and the foreground conponents, .it may be

"referred to as a "distortion area". The mxed area is further classified

into a covered background area and an uncovered background area. The
covered background area is a m xed a “at a 10 position corresponding to
the leading end in the direction in which the foreground object is noving,
where the -background conponents are gradually covered with the foreground
over tine. |Bheomenast,capieuesovie: etinbge kgf otind @spact siar m xed 15 area
corresponding to the trailing end in the direction in which the foreground
obj ect FerievPragdinkete the batkground togepbrentstgradeaihygappear over
time. As discussed above, the image containing the foreground area, the
backgr ofthf - aPdgctol 1Eheotseepeddbagkgprobhd haehgooun@0 theeusenvered
backgroound area is input into the area specifying unit 103, the

m xt ur eSPEPPEScAheuFaPbrredsinagg inhenisseqf olinadndackgfounexsepbe at or 105

as gye %ngt i mge. Fig. 7 illustrates the background area, the foreground
sensor outputs an image having 30 frames per second. o

The exposure time of the sensor can be 1/30 second. The
exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light to the electrical charge is
10 finished. The exposure time is also referred to as a
"shutter time".
Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through T indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
" 15 detection device co;reéponding to each pixél is disposed on
the_sensor. When the sensor performs image capturing, each
.detection device outputs a pixel valﬁe of the corresponding
pixel forming the image. For example, the position of the
detection device iﬁ the X direction corresponds to the
20 horizontal direction on the image,-while the position of the
detection device'in'thé Y direction corresponds tolthe
vertical direction on the image;
As shown in Fig. 5, the detection device, which is, for
example, a CCD, converts input light—into-eiectrical charge

25 during a period corresponding to a shutter time, and stores



area, the m xed area, the covered background area, and the 25 uncovered,
background area di scussed above. In the areas 2 Decenber 2005 - 36
corresponding to the i.mage shown in Fig. 6A, the background area is a
stationary portion, the foreground area is a noving poHet&nbertdtscovered
background area of the mxed area is a portion that changes fromthe
background to the 5 foreground, and the uncovered background area of the
m xed 15 area is a portion that changes fromthe foreground to the
background. Fig. 8 illustrates a npdg obtained by expanding in the tine
direction the pixel values of the pixels aligned side- by-side in the inmage
obt ai ned by capturing the inmage of the object corresponding to the
stationary foreground and the inage of the object corresponding to the
st at i od¥s cHwEkgresusd.etori cadamplaggeas tThe pimceins. alfi ghedosd de- by- si de,
pi xel s arranged iin one line on the screen can be selected. The pixel val ues
i ndi catddPB} FEPPReFRIFGe dhenwdntensdity, of dhe \apwds lfghtthengi xel s
corresp ndin%“to t he object of the stationary foreground. The pixel values
i ndi catef RFTi8e forr gidirhBéhesHdwhti A Srilgpug .ar bgaldgdscafionhe pi xel s
corresponding to the,%ﬁject of the stationar{ background. 20 Tinme el apses .
from t KEESY CEMFE Wt tdmaddsritye glisstigely shairds corvestiedn in Fig. 8.

The, POSi{ORAl stiG! Rgrd! 45 he! N4 2998, 0.5 8.8 20K egponds Lo the
' the period corresponding to the shutter time. That is, the . |
detection device integrates the inputilight during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
10 light. It can be considered that the detection device has
an integrating function with respect to time.
. The electrical charge stored in the detection device is
converted into a voltage value by a circuit {not shown), and
the voltage value is further converted into a ﬁiXel Qalue,
15 such as digital data, and is output. Accordingly, each
pixel value output from the sensor is a value ﬁrojected on a
1inearispace, which-is a result of integrating a certain
-three—dimensional portion of the Objectrcofresponding“to the
foregfound or the background with respect to the shutter
20 time.
Tﬁe image processing apparatus extracts significant
information émbedded in the output signal, for example, the
mixture ratio o, by the storage operation of the sensor.
The image processing apparatus adjusts the amount of

25 distortion, for example, the amount of motion blur, caused



whi ch the sensor starts converting input light into electrical charge, and
the position at the bottomside of 25 the rectangle in Fig. 8 corresponds
to the time at which the 2 Decenber 2005 - 37 conversion fromthe input
light into the electrical charge is finished. That isppdiemibsidyice from
the top side to the bottomside of the rectangle in Fig. 8 corresponds to
the shutter tinme. 5 The pixels shown in Fig. 8 are described bel ow
assumng that, for exanple, the shutter tine is equal to the frane size.
‘The horizontal direction in Fig. 8_c§%rgsponds to the spatial direction X
in Fig. 6A. More specifically, in the 10 exanple shown in Fig. 8, the
distance fromthe left side of the rectangle indicated by "FAO" in Fig. 8
to the right side of the rectangle indicated by "B04" is eight tines the
pi xel b¥tthe mipxturejghttkentecativengi kehge Yhgacthietel &gr olimel obj ect
and the_ background object 15 are stationary, the light input into the
sensor H#dagenpYocenahye dppingtehealperadiiuebsr eipoadbngttolfthe shutter
time. The period corresponding to the shutter tine is divided into two or
nore poft?bREEHIT eRiaf e PRy oblde Thrtexanpf ethef forpgraundeinade virtual
di vided portions is 4, the nodel shown 20 in Fig. 8 can be represented by
t he nnd%gj%ﬁBwﬁnqnt¢?g?a%%gq?%ﬁ%uﬁ%@9eoﬁbw??Fual di vi ded portions can be

set .accor di tq.t anount. of novenment of. the object corresponding to
5 'Pig.(%AIYilustrates an image agtained byjcapturing ap g

moving object corrésponding to a foreground and a stationary
object corresponding to a background. Fig. 6B illustrates
an image obtained by capturing a mbving object corresponding
to a.foreground and a stationary object corresponding to a
10 background. |
Fig. 6A illustfates an image obtained by capturing a
moving object correéponding to a foreground and a stationary
object corresponding to a background. In the example shown
in Fig. 6A, the object corresponding to the foreground is
15 moving horizontally from the left to the right with respect
to the screen.
Fig. 6B illustrates a model obtained by expanding pixel
values corresponding-to one line of the image shown in Fig.
6A in the time direction. The horizontal direction shown in .
20 Fig. 6B corresponds to the spatial direction X in Fig. 6A.
The values ofrthé pixels in the background area. are
formed only from the background'éomponents; that is, the
image components corresponding to the background object.
The values of,tnerpixels in the foreground area are formed

25 only from the foreground components, that is, the image



the foreground within the shutter tine. For exanple, the nunber of virtual
divided portions is set to 4 when the 25 anount of novenent v is 4, and the
period corresponding to 2 Decenber 2005 - 38 the shutter tine is divided
into four portions. The uppernost line in Fig. 9 correspapsiabédose first
divided period fromwhen the shutter has opened. The second line in Fig: 9
corresponds to the second divided period from 5 when the shutter has
opened. The third line in Fig. 9 corresponds to the third divided. period
fromwhen the shutter has opened. The fourth line in Fig. 9 corresponds’
to the fourth divided period fromWwhen The shutter has opened 10 The
shutter tine divided in accordance with the anount of novenent v is also
herei nafter referred to as the "shutter tinme/v". Wen the object

cor r espangiangerites tdwer femegididig tcs tisd atdiprdind hbildcght input into the
sensor does not change, 15 and thus, the foregroun& conponent FOLl/v is
equal to th&healvaduelbt aifnetebpidietisdioig thlke mpixeel avakuarECkockwetihe nunber
of virtual divided portions. Simlarly, when the object corresponding to
the forfepmurt: ikachandwnhrgompdreentoragd othd €onpgneand FO3hpohenegual to
t‘he val ue obt ai ned by 20 dividing the pixel value FO02 by the nunber of y
vi rt ualPindievitded vsdreisons, thiee pigredgr dund-heomporeshtare@3/arel Sogqual to the

val ue obt ai ned by dividing the pixel value FO3 by the
5 from the background components. and the foreground components,

_ it may be referred to as a "distortion area". The mixed
area is further classified into a covered backgrdund area
and an uncovered background area.- | |

The covered background area is a mixed area at a
16 position cofresponding to the leading end in the direction
in which the foregrquﬁd cbject is moving,lwhere the
background components are gradually covered with the
foreground over time.
In contrast, the uncovered background area is a mixed
15 area corresponding to the trailing end in the direétion in
which the £ore§round object is moving, where fhé background
components gradually appear over time. |
As discussed above, the imagé containing the foregroﬁnd
area, the background area, or the covered background aréea or
26 - the uncdvered.background area is input.into the area

: specifying_unit1103, the mixture;ratio calculator 104, and

the foreground/background separator 105 as the input image.
Fig. 7 illustrates the background area, the foreground
area; thermixed area, the covered background area, and the

25 - uncovered background area discussed above. 1In the areas



nunber of virtual divided portions, and the foreground conponent FO4/v is
equal to the val ue obtained by dividing 25 the. pi xel value FO04 by the
nunber of virtual divided 2 Decenber 2005 - 39 portions. Wen the object
corresponding to the background is. stationary, the |iglpfechiBstodgat o the
sensor does not change, and thus, the background conponent BOl/v is equal
'to the 5 value obtained by .dividing the pixel value BOL by the nunber of
virtual divided portions. Simlarly, when the object corresponding to the
background is stationary, the backgrgsnd conponent BO2/v. is equal to the
val ue obtained by dividing the piié@ al ue B02 by the nunber of virtual 10
di vi ded portions, the background conponent B0O3/v is equal to the value :
obtai ned by dividing the pixel. value BO3 by the nunber of virtual divided
porti onserardprbhdibgckgr bhadimegapehenth BA4fFvgl s6Bguahet bathgrwvahde
obtained by dividing the pixel value B0O4 by the nunber of virtual divided
15 port B5RS. iRbResspeeohacul byrtihen the 6Gbregtovondraspantdlsng to the
foreground is stationary, the |light corresponding to the foreground object
i nput | RPELRHePSERSOR . dbes AOVethdnheckdueiing aheapefi bdecoixedpondi ng to
the shutter tinme. 20 Accordingly, the foreground conponent FO01/v
“correspBhBfngSt 8 PPRELPRrBRaporhrbaesf frae Shatbackgreaend teofhehen the

shu%;er has o engd, t he foreground conponent FOQO1/v
foreground, and the uncovered background area of the mixed

area is a portion that chaﬁges from the foregrouﬁd to the

background. |
Fig. 8 illustrates a model obtained by expanding inr£he

time direction the pixel values of the pixels aligned side-—

10 Dby-side in the image obtained by capturing the image of the
object corresponding to the stationary foreground and the
'image of the object corresponding to the stationary
backgréund. For example, as the pixels aligned sidemby;side,
pixels arranged in one line on the screen can be selected?

15 The pixel values indicated by FO01 through F04 shown in
Fig. 8_are.values of the pixels corresponding to the object
of the stationary foregrpund.. The pixel valﬁes indicated by
B01 through'B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the stationary background.

20 Time elapses from the top to the bottom_in Fig. 8 in.
the vertical direction in Fig. 8. The position at the top
side of.thé rectangle in Fig. 8 corresponds‘to the_time.at
which the sensor starts convérting input light into |
electrical charge, and the position at the bottom side of -

25 the rectangle in Fig. 8 corresponds to the. time at which‘the



corresponding to the second portion of the shutter time/v from when the
~shutter has opened, the foreground conponent 25 FOl1l/v corresponding to the
third portion of the shutter 2 Decenber 2005 - 40 tinme/v fromwhen the

shutter has opened, and the foreground conponent FOL/¥peesmBsSI@ngdi Ng to
the fourth portion of the shutter time/v fromwhen the shutter has opened
becone the sane value. The sane applies to FO2/v through FO4/v, as in 5
the case of FO1l/v. Wen the object corresponding to the background is
stationary, the light corresponding 9 t he background object input into

t he sensor does not change during the’period corresponding to the shutter
time. Accordingly, the 10 background conponent BOL/v corresponding to the
first portion of the shutter tine/v fromwhen the shutter has opened, the

backgr awmdrecmipondronB@bey ingnrtedpaidi g too thee e lseanridalordhaaryeof t he
shutter tine/v fromwhen the shutter has opened, the background conponent
BO1 /v isorfriadsdedi.ng The t15 st,hehtehidid tporctel diroof tthee tslputstiere tdomehe from
when the shutter has opened, and the background conponent BO1l/v

cor r es pedioRy st.eet Bé fther wecpamdilen iof Fiike $huwotmrespiomslsy tof dm when t he
shutter has opened becone the sane value. The same applies to B02/v

t hr ougFPBEFRF. t28€A description is given of the case in which the object

corresponding to,the foreground_iis moving and the object corresponding to
thegbackgroﬁﬁa pgxg%%t§%ﬂgpy;n Fig. 8 are described below assuming

that, for example, the shutter time is egual to the frame
~size.
The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
10. example shown in Fig. 8, the distance'from the left side of
the rectangle indicated-by "FO1" in Fig. 8 to the right side
of the rectangle indicated by "B04"‘is eight times the pixel
pitch, i.e., eight consecutive pixels.
VWhen,the foreground object and the background object
15 are stationary, the light input into the sensor does not
ﬁhange during the period corresponding to the shutter time.
The period correspoﬁdiﬁg to the shutter time is divided
into two or more portions of.equal periods. For example, if
the number of virtual divided bortions is 4, the model.shown
20 in Fig. 8 can be represented by the model shown in Fig. 9.
‘The number of virtual divided portions can be éet according
to the amount of movement v of the objéct-corresponding to
‘the foreground within the shutter time. For example, the
number of virtual divided portions is set -to 4 when the

25 amount of movement v is 4, and the period corresponding to



Fig. 10 illustrates a nodel obtained by expanding in the tinme direction
t he pi xel values of the pixels in one 25 line, including a:covered
background area, when the object 2 Decenber 2005 - 41 <corresponding to the

foreground is noving to the right in Fig. 10. In Fig. 2Hcehmbs Ajggunt of
novenent v is 4. Since one frane is a short period, it can be assuned that
the object corresponding to the foreground isa rigid body noving with
constant velocity. In Fig. 10, the object inmage corresponding to the
foreground is noving such that it L§:NPQ§itioned four pixels to the right
with respect to a reference franme when it is displayed in the subsequent
frame. In Fig. 10, the pixels fromthe | eftnost pixel to the fourth pixel
belong to the foreground area. In Fig. 10, the pixels fromthe fifth pixel
to the sévemthtgiofe|tifveorhst W vikdett ibglbodgutropbiiéivnsed area, which is the
cover ed background area. In Fig. 10, the rightnost pixel belongs to the
background afB&. WPRerBBpEctiasr teshbadi Agcebresponds ege otimel fsrsbvi ng such

that it ragf |1y covers the object corresponding to the background over
tinme. ASCIH e%gP?FloﬁhéréﬁhﬁéﬁénF§e ebHtiemeBapnopRacgi- xelfheakgaesndf t he

pi xel s ggLon ing“to,Bhe covered background area change fromthe background
20 conponéft ‘fhe 7t GPEGESERGEoBonBRt §e501d EéVidrd. PRRECAJEEPRG t he

et 8o L2 1S BRULEET 'hIE CROLSHINR! G FRS Yol value M
corresponds to the third divided period from when the
shutter has opened. The fourth line in Fig. 9 corresponds
to the fourth divided period from when the shutter has |
opened.

10 The shutter time divided in accordénce with the amount
of movement v is also hereinafter referred to as the
“shutter time/v".

When the object corresponding to the foreground is
stationary, the light input into the sensor doés not chénge,
- 15 and thus, the foreground component FOi/v is equal to the
value obtained by dividing the pixel value F0l by the number
Qf virtual divided portions. Similarly, when the object
corresponding to the foreground is stationary, the
foreground componenp FO02/v is eqﬁal to the value cbtained by

20 dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel value F03 by the |
number of virtual divided portions, and the foreground.
component F04/v is equal to the value obtained by dividing

25 the pixel value F04 by the number of virtual divided



frame in Fig. 10 is expressed by equation (1) below. M=

B02/ v+B02/ v+F07/v+F06 /v (1) 25 For exanple, the fifth pixel fromthe |eft
contains a 2 Decenber 2005 - 42 background conmponent corresponding to one
portion of the shutter time/v and foreground conponen pecembespmsdi ng to
three portions of the shutter tine/v, and thus, the mxture ratio a of the
fifth pixel fromthe left is 1/4. The sixth 5 pixel fromthe left contains
background conmponents 10 15 noving with constant velocity such that it is.
di spl ayed four pixels to the right %g the subsequent frane. Accordingly,
for exanple, the foreground conponenti”FO7/v of the fourth pixel fromthe
left in Fig. 10 corresponding to the first corresponding to tw portions of
the shutter tine/v and foreground conmponents corresponding to two portions
of the PEHAAET- time/v, and thus, the mixture ratio a of the sixth pixel
fromthe left is 1/2. The seventh pixel fromthe |left -contains background
" conponent s - #&eredhen @ g cttocorres popeindors dhet hackhurruad tisne/v and a
‘foreground conponent corresponding to one portion of the shutter tine/v,
and t hus:a T4 o it iathto 1prrt tied ithe §A06ar (dosh Mt (dfandss 3/4. It

can be assumed that the object correspondin othe foreground is arigid
body, tH8 S or di?r‘r’d‘#bi”é’ét GAEF I tR B Yot FEVSHut%ertha me/ v from

mheg tQ%fﬂE“éé%éfHE% by dividing the pixel value BO1 by the number
of virtual divided portions. . Simila;ly, when the object
- corresponding to the background is stationary, the
background component BOZ/v'is equal to the value obtainé& by
dividing the pixel value B02 by the number of wvirtual

10 divided portions, the background componentlBOB/v is equal to
the value obtained by dividing the pixel.value B03 by the
nuber qf virtual divided portions, and the background .
component B04/v is equal to the value obtained by'dividing

| the pixel value B0O4 by the number of virtual divided
15 portions. | o
Moré-Specifically, when the object correspohding to- the
foreground is stationary, the light corresponding to the
foreground object input into the sensof‘does not chénge
during fhe period corresponding to the Shutter time.

20 Accordingly, the foreground component FQ01l/v édrresponding to
the first portion of the shutter time/vlffom ﬁhen the
shutter has opened,  the foreground componeﬂt FOl/v
correspondiﬁg to the second portion of the shutter time/v
from when the shutter has opened, the foreground compoﬁent

25 F0l/v corresponding to the third portion of the shutter



opened is equal to the foreground conponent of the fifth pixel fromthe
left in Fig. 10 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent.
FO7/v is equal 25 to the foreground conponent of the spyiBefb&€oghr om the
| eft 2 Decenber 2005 - 43 | in Fig. 10 corresponding to the third portion
of the shutter tine/v fromwhen the shutter has opened, and the foreground
- conponent of the seventh pixel fromthe left in Fig. 10 corresponding to
the fourth portion of the shutter ti v 5, fromwhen the shutter has
opened. It can be assuned that the object corresponding to the foreground
is arigid body, and the foreground object is noving wth constant -
velocity such that it is displayed four pixels to the right in the
subsequéimef/vaffisomAgendihgl yhut®etohaexapphed, tdued f ohegr oteagrsomponent
FO6/v of the third pixel fromthe left in Fig. 10 corresponding to the
first pEFPPBANGT FPhévsharrespondihy foothahfouttle shutien dfsthepened is
equal to_the foreground conponent of the fourth pixel fromthe left in
" Fig. 105BBfitespbhiehy £rvomttibesetbadshstpeorthan apende sdotnertie ne/ v from
when the shutter has opened. Simlarly, the foreground conponent FO6/v is
‘equal FBUFhE2fBRegr DRRdSeBApBPRAECSf L hBOZ /Y tthroueh Fobdfwihes lFeft in
Fi g. 1ghcorrespoEdé8 to the third portion of the shutter time/v from
wher? t h&EhGeter ha gﬁ%ned, and the foreground

When the object corresponding te the background is
sfationary, the light corresponding to the background object
input into the sensor does not change during the period |
corresponding to the shutter time. Accordingly, thé

10  background component BO0l/v corresponding to ﬁhe first
'portion of the shutter time/v from when the shutter has
opened, the background component B0Ol/v corresponding to the
second portion of the shutter time/v from when the shutter
has opened, the background component B0l/v corresponding to

15 the third portion of the shutter time/v from when the
shutter has opened, and the background component BOl/v
cbrresponding to fhe fourth portion of the shutter time/w
from when the shutter has oﬁened becéme the same value. The

‘lsame applies to B02/v through B04/v.

20‘ A description is given of the case in'whichrfhe object
corresponding to the fdreground is moving and the object
borrespondingrto the background is stationaﬁy.

Fig.'lO-illustrates a model obtalned by expanding in
the‘fime direction the pixel values of the pixels in one

- 25 line, including a .covered background area, when the object



20 conponent of the sixth pixel fromthe left in Fig. 10 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened.
It can be assumed that the object corresponding to the foreground is a
rigid body, and the foreground object is 25 noving W theeasb&togeel ocity

such that it is displayed four 2 Decenber 2005 - 44 pixels to the right in
the subsequent frame. Accordingly, for exanple, the foreground conponent
FO5/v of the second pixel fromthe left in Fig. 10 corresponding to the
first portion of the shutter tinme/v fromwhen the shutter has 5 opened is
equal to the foreground conponent of 4he third 10 foreground is a rigid
body, and the foreground object is noving with constant velocity such that
it is displayed four pixels to the right in the subsequent frane. :
Accor di ngkyespbodiexanpl ehet herégregiouns wovpomens €04/ vightthe | ef t nost
pi xel fromthe left in Fig. 10 corresponding to the second portion of the
shutter Figrmel®. f rom when 1he shetdmoulsof openetdenSiwilardy, $hecé oreground
conponent FO5/v is equal to the foreground conponent of the fourth pixel
from t hene| gfame nif @ shorcareebpdndingeam hdeassumeld pordt othef t he.
shutter tine/lv fromwhen the shutter has opened, and the foreground
conponefPIBFL t FRIFEFRINGING| t9 rige thereateund H ¢ ri@iddredsponding to the
fourth portion of the shutter tinme/v fromwhen the shutter has opened.
‘ moving with constant velocity. 1In Fig. 10, the object image '
corresponding to the foreground is moving such that it is
positioned four pixels to the right with respect to a
reference frame when it is displayed iﬁ the subsequent ffame;'
In Fig. 10, the pixels from the leftmost pixel to the
10 fourth pixel belong to the foreground area. InJFig. 10, the
pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which - is the covered
background area. In Fig. 10, the rightmost pixel belongs to
the background area.
15 The object corresponding to the foreground is moving
such that. it gradually covers the object corresponding to
the background over time. Accordingly,. the components
contained in the pixel values of the pixels belonging to the
-covered background area change- from, the background
20 components to the foreground components at a certain time
during the period corresponding to the shutter time.
For example, the pixel value M surrounded by the thick
frame in Fig. 10 is expressed by equation (1) below.

M = BO2/v+B02/v+FO7/v+F06/v NS

25 ~ For example, the fifth pixel from the left contains a



It can be assunmed that the object corresponding to the 20 pixel in Fig  10
corresponding to the first portion of the shutter tinme/v fromwhen the

shutter has opened is equal to. the foreground conponent of the second.
pi xel fromthe left in Fig. 10 corresponding to the seDessmpardogen of the

shutter tinme/v fromwhen the shutter has opened. Simlarly, 25 the

f oreground conponent FO4/v.is equal to the foreground 2 Decenber 2005 - 45
“conmponent of the third pixel fromthe left in Fig. 10 corresponding to the
third portion of the shutter tine/v fromwhen the shutter has opened, - and
the foreground conponent of the def%%'bixel fromthe left in Fig. 10 5
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened. Since the foreground area corresponding to the noving
obj ect baskairpynfotpopobkut asrdespusdédgabovencipocaiomlsp tihe referred to
as a "distortion area". 10 Fig. 11 illustrates a nodel obtained by o
expandi ABuffert kémey weaddr Eeregnothd pompbneatsesoofedmendingliso i n one
‘I'ine inc]uding an uncovered background area when the object corresponding
to the FBFBErBORELPESN®Yi haet shehberi ghveiw, &g, thds, |theimgixthdre t he
amount of povement v is 4. Since 15 one franme is a short period, it can be
assuned“that ¥hef bBpetiftbrpespbnirey tbetheftokeghbund T sivigi d body
nmoviing with. constapt velogcity. In Fig. 11, the object inage corresponding
to the ?b?%brgﬁﬂ% enﬁ%?hgc?%t?h%sr?@ﬁ¥g§%ﬁﬁﬂ components :

corresponding to two portions of the shutter time/v and
foreg;ound-éomponents corresponding tq.two portions.of the-
shutter time/v, and thus, the mixture ratio o of the sixtﬁ
pixel from the left is 1/2. The seventh pixel from the left
;0 contains background components corresponding to three
portions of the shutter time/v and a foreground component
corresponding‘to one portion of the shutter time/v, and thus,
the mixture ratio o of the fifth pixel from the left is 3/4.
It can be assumed that the object correéponding to the
15 foreground is a rigid body, and the foreground cbject is
~moving with constant veiocity such that it is displayed four
pixéls to the right in the sﬁbsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from fhe left in Fig. 10 corresponding to the first
-26 portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the fifth
. pixel from the left in Fig. 10 corresponding to the second
| portion of the shutter time/v ffom when the-shutter has
opened. Similarly, the foreground component FO07/v is equal

25 to the foreground component of the sixth pixel from the left



that it is positioned four pixe'ls to the right with respect 20 to a

reference frame when it is displayed in the subsequent franme. 1In Fig. 11,

the pixels fromthe |leftnost pixel to the fourth pixel belong to the
background area. In Fig_ 11, the pixels fromthe fi ftfogﬁéﬁm%ertzﬁcﬁhe
Ich'I's an

seventh pixels fromthe 25 left.belong to the m xed area,
uncovered 2 Decenber 2005 - 46 background area. In Fig. 11, the rightnost

pi xel

f oreground whi ch covers

pi xel

bel ongs to the foreground area. The object corresponding to the

t he obj ect corresponding to the background is
moving such 5 that it is gradually-répoved fromthe object corresponding
to the background over tinme. Accordingly, the conponents
val ues of the pixels belonging to the wuncovered background area
change {4 om §he; d oregrouncha GRIMANeR!S 41fs e Packy and eonpanend;s at a
certain time of 10 the period corresponding to the shutter tine. For

exanpl egihdiey pExsh widddiecd Suidundesd Bpdhas t kK tHd afrddrdut 11 is
expressed by equation (2). M F02/v+FOLl/v+B26/v+B26 /v (2) For exanpl e,

contained in the

t he

fifth piompodenmshectefdewantimipixdd baskground onponerf s 1aor r espondi ng
to three portions of the shutter time/v and a foreground conponent
Cor r es poruch ¢gpdod i ionecs id efoyport imirofort hef sind tfrutdtg®e/simefd t hus, the
m xture ratio a of the fifth pixel fromthe left is 3/4.

5

10

15

20

25

from when the shutter has opened.

It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F06/v of the third |
pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v ffom when the shutter has
opened is equal to the foreground component of the fourth
pixel from the leff in Fig. 10 corresponding to the second
portion of the shutter time/v from when the shutter has |
opened. Similarly, the foregrbund component F06/v is equal
to thé'foreground Compoﬁent of the . fifth pixel from the left
in Fig. 10 correspondiﬁg-to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the sixth pixel from the left in Fig. 10
correéponding to the fourth portion of the shufter time/v
from when_thé shutter has opened.
| It can be assumed that the object corresponding to the

foreground is a rigid body, and the foreground object is

moving with constant velocity such that it is displayed four



The sixth pixel fromthe | eft contains background conponents 20
corresponding to two portions of the shutter tine/v and foreground
conponents corresponding to two portions. of the shutter time/v, and thus,
the m xture ratio a of the sixth pixel fromthe |eft &ﬁk%éabmgﬂ%sseventh
pi xel fromthe left contains a background conponent corresponding to one

.portion 25 of the shutter tine/v and foreground conponents 2 Decenber 2005

- 47 corresponding to three portions of the shutter. tine/v, and thus,
the m xture ratio a-of the seventh pixel fromthe left s 1/4. Wen
equations (1) and (2) are generaliZed* the pixel 5 value Mcan be
expressed by equation (3): M=a B+XFi/v (3) where ais the mxture ratio, B
i ndi cates a pixel value of the background, and Fi/v designates a

f or egr opheetsnponeht. rightaim behassupedqhbet fhandbj ectceaTRpRENding to
the 10 foreground is a rigid body, which is noving with constant velocity,
and t hefamparampl e poviesefit régrdundccancomghly , FdDfv X atHy eseddiai f or egr ound
conponent FOl/v of the fifth pixel fromthe left in Fig. 11 correspondi ng
to the Pikel poewi e béft henshigt el0tcoetesporaindern tite: shiddter has
opened is 15 equal to the foreground conponent of the sixth pixel from the
| eft i nPEF§Lion10Eothespondiery tonefie Sxovomnheoritliomslofttdtherashutter tinme/v

from when the shutter has opened. Sinmilarly, the foreground conponent FO1/v
is éhuappggeghés equal to the foreground component of the third

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 céﬁponent FO5/v is equal
fo the foreground component of the_fourth pixel from the

10 left in Fig. 10 corrésponding to the‘third portion of the
shutter time/v from when the shutter has opened, and the
foreground compoﬁent of the fifth pixel from the left in-Fiq.
10 corresponding to the fourth portion of the shutter time/v
ffom when the shutter has opened.‘

15 It can be assumed that the object corresponding to-the
foreground is a rigid body, and the fbreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Acébrdingly, |
for example, the foreground component Fd4/v of thé leftmost

ZO ‘pixel in Fig. 10 corresponding to the first portion of-the
shutter time/v from when the shuttér has opened is equal to.
thé foregroﬁnd componenﬁ of the second pixel from the left
in Fig. 10 corresponding to the second portioﬁ of the
shutter time/v from when the shutter has opened.' Similarly,'

25 the.foreground component F04/v. is equal to the foreground



f oreground conponent- of the seventh pixel fromthe left in 20 Fig. 11

corresponding to the third portion of the shutter tine/v fromwhen the
r has opened, and the foreground conponent of the eighth pixel

shutte

the left in Fig. 11 corresponding to the fourth porti%gga%n%gg?ﬁg

tinmel/v

‘assuned that the object corresponding to the

whi ch
Accord

pixel fromthe left in Fig. 11 corre$ponding to the first

fromwhen the shutter has opened. 2 Decenber 2 t

utter
can be

from

foreground is a rigid body,

is noving with constant velocity, and the anount of novenment v is 4.

ingly, for exanple, the foreground conponent FO02/v of the s

ixth 5

portion of the

shutter tinme/v fromwhen the shutter has opened is equal to the foreground
ent of the seventh pixel fromthe left in Fig. 11 corresponding to

the secasmppoiit ¥ afnd hehiShutgBlet gy dfHomashen o kg shutgt er has 10

conpon

opened
foregr

. Simlarly, the foreground conponent FO2/v is equal to the
atek ecpqanent wf dhe @iight hqieieln foPrmHdhehdafdr itindd/g. 11

corresponding to the.third portion of the shutter tinme/v fromwhen the
- shut t erfihss wWpanadhe |ghwoaie bezas syrmetd haind héeolfoaeigreamdespondi ng to the

15 for

eground is a rigid body, which is noving with constant velo

city,

t he anmmmipwfempveerite fawseth pAccdr dimgl ythe flesf texanpliey. tlde f or egr ound
conmponent FO03/v of the seventh pixel fromthe left in Fig. 11
cor pesporidiarparsiinige 4 rigte fyortiropaaft itdre ofh dthtee s hvitrpsfry thimervwhen t he
shutter has '

10

from when the shutter has opened.

Since the foreground area corresponding to theAmoving
object contains motion blur as discussed above, it can aiso
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

~line including an uncovered background area when the object

15

corresponding to the foreground is moving to the right in

Fig. 11. 1In Fig. 11, the amount of movement v is 4. Since

~one frame is a short period, it can be_aésumed that the

object corresponding to the foreground is a rigid body

moving with constant velocity. 1In Fig. 11, the object image

‘corresponding to the foreground is moving to the.right such _

20

25

that it . is positioned four pixels to the right with respect

to a reference frame when it is displayed in the subsequent

frame.

In Fig. 11, the pixels from the leftmost pixel to the
fourth pixel belong to the background area. In Fig. 11, the
pi#els from the £ifth pixel to the seventh pixels from the

left belong to the mixed area, which is an uncovered -

and



20 opened is equal to the foreground conmponent of the eighth pixel fromthe
left in Fig. 11 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. It has been descri bed mﬁth reference to
Figs. 9 through 25 11 that the nunber of virtual d|V|9%ﬁe ﬂﬂ% i.s 4.

The 2 Decenber 2005 - 49 nunber of virtual divided portlons corresponds to
t he anobunt of novenent v. Cenerally, the anmount of novenent v corresponds
to the moving speed of the object corresponding to the foreground. For
exanple, if the object corresponding 5 to the foreground is noving such
that it is displayed four pixels to4bhe right with respect to a certain
frame when it is positioned in the subsequent frane, the anount of
nmovenment v is set to 4. The nunber of virtual divided portions is set to 4

i n accopbdangeouhihatbg. ampyniigf 10, MONENBOGH Mo Sk %iﬁéine the obj ect

corresponding to the foreground is nDV|ng such t hat i s displayed six
pi xel s the EbeelebtiniM &hesiespect to a certain frane mhen it is positioned
in the subsequent franme, the anmount of novenent v is set to 6, and the

“nunber of viThaalbjiat det poydoahing o hesdodtay®ufd Gick? carR@ rk3

illustrate the relationship of- the foreground area, the background area,
and t hethexed]jactacomhéshondingsts viie abaoivagr @and atk gnowihey oyudn uncovered

background whi ch are discussed above, to the foreground -
_ that it is gradually removed from the object corresponding

to the background over time.. Accordingly, the components
contained in the pixel values of the pixels belonging to the
uncovered background area change from the foreground
components to the baCkground components at a certain time of
-10 the period corresponding to the shutter time. .
For example, the pixel value M' surrounded by thé thick
frame in Fig. 11 is expressed by equation (2}.
M' = F02/v+F01/v+B26/v+B26/v (2)
For example, the fifth pixel from the léft contains
15 .background components corresponding to three porfions of the
shutter time/v and a-forégroﬁnd component corresponding to
one shutter portion‘éf the.shutter time/v, and thus, the
mixture ratio « of the fifth-pikel from the left is 3/4.
'  The sixth ﬁiiel from the left contains baékground components
20 corresponding to two portions of the shutter tiﬁe/v7and
-fofeground components corresponding to two portions of the
‘shutter fime/v, énd‘thus, thermixture ratio o of the‘sixfh'
pixel from the left is 1/2. The seventh pixel-from the left
gontains a background component corresponding to one portion

25 of the shutter time/v and foreground components



20 conponents and the background conponents corresponding to the divided
periods of the shutter tine. Fig. 12 illustrates an exanple in which pixels
in the foreground area, the background area, and the m xed area are

extracted froman i mage containing a foreground 25 cor ondi 0 an
object. noving in front of a stationary 2 Decenber Zoogﬁﬁggﬁgﬂgggéground.
In the exanple shown in Fig. 12, the object corresponding to the '
foreground indicated by Ais horizontally noving with respect to the
screen. Frame #n+l is a frane subsequent to frane #n, and franme 5 #n+2 is
a frame subsequent to frame #n+l. Pigels in the foreground area, the
background area, and the m xed area are extracted fromone of frames #n
through #n+2, and the anmount of novenent v is set to 4. A nodel obtained

o DX e el albes e eds SHEL I 0 R

direction 1s 0 correspondi 0 the

foregrounds | strndyi ngrd hesPixel yalugs d4.d.0a, for nrg%q%ﬁ%l%asl%{]f%formd

of four different foreground conmponents correspondi er
tine/v.ifFor/exanple, the leftnost pixel of the 15 pixels in the foreground
area shown in Fig. 13 consists of FO1/v, FO2/v, FO3/v, and FO4/v. That is,

the pixels metnh%%;fae;ri%rsoqnd GOR g2y BRE @Rnkidn i 8liNcenkhp;QRj ect .
corresponding to the background is stationary, light input into the sensor
cor pespiian@ tenrd e expressed by equation (3):

M=o-B+ )Fi/v ©(3)

where & is the mixture ratio, B indicates a pixel value of
the background, and Fi/v designates a foreground component.
It can be.assumed that the object corresponding to the
10 foregroﬁnd is-a rigid bcdy; which is moving with constant
velocity, énd the amount of movement is 4.  Accordingly, for
example,-the foreground component F0l/v of the fifth pixel
from the left in Fig. 11 coﬁresponding to the first portion
of the shutter time/v from when the shutter hés opened is
15 equal to the foreground component of the sixth piiel from -
_the left in Fig. 11 corresponding to the second portion of
the shutter time/v from when the shutter has opened.
Similarly, the foreground component FOl/v is equal to the
foreground compqnent of the seventh pixel from the left in
20 Fig. 11 corrésponding to the third portion of the shutter
timé/v from when the shuttér has opened, and‘the_foreground
component'of the eighth pixel from the left in Fig. 11
corresponding to the fourth portion of the éhutter time/v

from when the shutter has opened.



20 background during the shutter tine does not change. In this case, the
pi xel values in the background area do not contain .notion blur. The pixel
values in the m xed area consisting of a covered background area or an

uncover ed background area are 25 formed of foreground,conpone and
background conponents. 2 Decenber 2005 - 51 A descri pgﬁgﬁgrpge(%@gn bel ow
of a nodel obtained by expanding in the tine direction the pixel values of
the pixels which are aligned side-by-side in a plurality of  franes and
whi ch are | ocated, at the sane positions in the 5 franes when the inmage
corresponding to the object is noving8 —For:exanple, when the inmage
corresponding to the object is noving horizontally with respect to the
screen, pixels aligned on the screen can be sel ected as the pixels aligned

si de-by-si-dert 1oafige ddsimhddistiat egha SBaete obd Ak ngsh Yy fxpandiyg in  the

time direction the pixels which are aligned side-by-side 7 n three franes
of an i Fagegobtaingd Kyregpiubbdy, akho8hect me0LhesROREi Agnd L@ stationary

background and which are |ocated at the sanme positions in the franmnes.
Frane #meiscibyf henfirahe smbsegueftmboehieAtevidsly. angedsadEndiny] is the
frame subsequent to frame #n. The same applies to the other franes. The
pi xel véabuesxB@1lehr dghfBt@gstronvd ¢comPogent4Far évpbXethe ad ireish
corresponding to the stationary background
5 pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the seventh
pixel from'the left in Fig. 11 corresponding to the secon&
portion of the shutter time/v from when the shutter has
10 opened. Similarlf, the foreground component F(02/v is egual
to the foreground component of the eighth pixel from the
left in Fig. 11 corresponding to the third portion‘of the
shutter time/v from when the shutter has opened.
It cén be assumed that the object corresponding to the
15 foreground is a rigid body, which is moving with constant
vélocity, and the amount of movement v is 4. Accordingly,r
for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter ﬁas
20 opened is equal to the foreground compdnént cf-the eighth
pixel from the left in Fig. 11 corresponding.to the second
‘portion of the shutter time/v from when the shutter has
opened.
It has beenldescribed with reference to Figs.'9 through.

’ -25 11 that the number of virtual divided portions is 4. The
E
|
|



20 object. Since the object corresponding to the background is stationary,
t he pi xel values of the corresponding pixels in frame #n-1 through frane
#n+l do not change. For exanple, the pixel in frame #n and the pixel in
frame #n+l located at the corresponding position of Q%@ &&ﬁ%& 6ging t he
pi xel 25 value BO5 in frane #n-1 have the pixel value g,. cenmber 2005
52 Fig. 15 illustrates a nodel obtained by expanding in the tine
direction the pixels which are aligned side-by-side in three franes of an
"image obtained by capturing an object corresponding to a foreground that
is noving to the right in 5 Fig. 15 49gether with an object corresponding
to a stationary background and which are located at the sane positions in
the frames. The nodel shown in Fig. 15 contains a covered background area.

In Fi gnikber to s 18 ASSURBG I, _ﬂﬁo&bi&ﬁtrés%&ﬁsr esPad nehhtt he

foreground is a rigid body noving wt constant velocity, and that it is

moVi Ng UG ddidind tv | S Gedlexhiayed furanind! o GudisddtRt. in the
subsequent frane. Accordingly, the amount of novenent v is 4, and the

nunber corfradgdrital @ WhdethoRAhly pfedd FE the Y A MISe st dieigegr ound
conponent of the leftnost pixel of frame #n-1 in Fig. 15 corresponding to
the first thporfdmeyrefurdidie Faut edadplnee/ A ff riom wWigkdtheosdddsibendias; opened
is F12/v, and the foreground conponent of the second 20
5 to the foreground is moving such that it is displayed four
pixels to the rigbt'with respect to a certain frame when it
is positioned in the subsequent,framé, the amount of
movement v is set to 4. The number of virtual divided
pertions is set to 4 in accordance with thg amoﬁnt of
10 movement v. Similarly, when therobjéct corresponding to the
foregroﬁnd is movihg such that it is displayed six pixels to
the left with respect to a certain frame wheniit is
positioned in the_subseqﬁent frame, the amount of movement v
is set to 6,-and the number of virtual divided portions is
15 'set to 6. o
‘Figs. 12 and 13 illustrate the rélationship of ﬁhe‘
foreground area, the background area, and the mixed area
“ which consists of a covered background or an uncovered
.background, whiéh are discussed above, to the foregréund
26 Compoﬁents aﬁd‘the background componénts'correSpoﬁding to
the divided-periods of the shutter time.
Fig{ 12 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are

extracted from an image containing a foreground

25 corresponding to an object moving in front of a stationary




pi xel fromthe portion of the opened is also pixel fromthe portion of
the opened and the left in Fig. 15 corresponding to the second shutter
time/v fromwhen the shutter has F12/v. The foreground conmponent of the
third left in Fig. 15 corresponding to the third shuEEf% tineé%x{ronlwhen
the shutter has foreground conponent of the fourth piX EEPP@ﬁ{ he | eft
in Fig. 15 corresponding to the fourth portion of 2 Decenber 2005 - 53 the

- shutter tinme/v fromwhen the . shutter has opened are F12/v. The foreground

conponent of the |leftnost pixel of frame #n-1 in Fig. 15 corresponding to
t he second portion of the 5 shutter 3 me/v fromwhen the shutter has
opened is FlI/v. The foreground conponent of the second pixel fromthe |eft
in Fig. 15 corresponding to the third portion of the shutter tine/v from

when t hgashuttbendhas tapeped.l (o] Vi T foreg nd,.c onent of the
aZRyirbananas 1APEREdekandh 80 <Fblh in @?‘Bong? coLny 8oqe

third pixel fromthe left in Fig. 15 corres ourth portion

of the sbulbebohiaRgY thr eRLWRBRLRBuSAUL hak cARsqopgngd;ks F1l/v. The
foreground conponent of the |eftnost pixel of frane
horizontally moving with respect to the screen.
Frame #n+l1 is a frame subsequent to frame #n, end frame
5. #n+2 is a frame subsequent to frame #n+l.

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

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

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

15 pixels in the foreground'area shown in Fig. 137consists of
FOl/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.

Since the object corresponding to the background'ie
stationary, light input into the sensor.corresponding_tO'the

20 background during the shutter tiﬁe does mnot change. In this
ease, the pixel values in the background area do not contain
.motion blur. |

The pixel values in the mixed area consisting of a

- covered background area or an ﬁﬁcevered background area are

25 formed of foreground components and -background components.




#n-1 in Fig. 15 corresponding to the third portion of the shutter time/v.
fromwhen the shutter has opened is FIQ v. 15 The foreground conponent of
the second pixel fromthe left 1in Fig..15 corresponding to the fourth
portion of the shutter time/v fromwhen the shutter hgﬁmggﬂgqugg al so

0 anme

F10/ v.

The foreground conponent of the |eftnost pixel

n-1in

Fig. 15 corresponding to the fourth portion of 20 the shutter tine/v from

- when the shutter has opened is F09/v. Since the object corresponding to

t he background is stationary, the background conponent of the second pi xel
fromthe left of frame #n-1 in Fig- %3 . eorresponding to the first portion
of the shutter tine/v fromwhen the shutter 25 has opened is B0O1l/v.

background conponents of the third 2 Decenber 2005 - 54 pi xel

The

fromthe

left of frame fckiighifg0 1<% G SPonAidg - R dhe ofgt[?%.trle@% econd

portions of the shutter tinme/v from en the shutter

BO2/v. dheaharckgr ouinthe COMMONENE ScPfod Nend Quirtdy Rj'a{(ﬁL'eg rcgtﬂl %lﬁl&e | eft

frame #n-1 5 in Fig. 15 corresponding to the first throu _
. of the siwdierviiide/ard romahen 4 igeshytdrde has openedaie, HO3/v.

#n-1 i

n Fig. 15, the leftnost pixel fromthe Ileft belongs to the

as opened are

of

ird portions

In franme

f or egr afireined eend afth dthea s cosieh tdd caghtHd Som tho i sl s fromide |eft

bel ong to the m xed area, which

t hr Sught tamsd S trhepi xdes ifwaoye tdertedporodidg ar® the obj ect is moving.

10

15

20

For example, when the image corresponding to the object is
moving horizontally with respect to the screen, pixels
aligned on the screen can be selec£ed as the pixels alignéd
side-by-side.

Fig. 14 illustratés a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
iﬁ three‘frames of an image 0btained-by capturing an object
corresponding to a stationary background and which are
located at the same positions in the frames. Frame #n is

the frame subsequent to frame #n-1, and frame #n+l1 is the

frame subsequent to frame #n. The same applies to the other

frames.
The pixel values B0l through B12 shown in Fig. 14 are

pixel values corresponding to the stationary background 7

object. Since the object corresponding to the background is-

stationary, the pixel values of the corresponding pixels in

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

25

the pixel in frame #n and the pixel.in frame #n+l located at

. the corresponding position of the pixel having the pixel

value BOS5 in frame. #n-1 have the pixel value B0S5.

is a covered background area. The fifth



#n-1 in Fig. 15 belong to the background area, and the pixel values

t hereof are B04 through Bll, respectively. 15 The first through fifth
pixel s fromthe left in frame #n in Fig. 15 belong to the foreground area.
The foreground conponent in the shutter tinme/v in the gﬂ@ area of
frame #n is any one of FO5/v through F12/v. It can.. 5?%@&% ﬁat t he
obj ect corresponding to the 20 foreground is a rigid body nmovi ng with
constant velocity, and that it is noving such that the foreground image is
di spl ayed four pixels to the right in the subsequent frane. Accordingly,

t he foreground conponent of the fitthB2pixel fromthe left of frame #n in
Fig_ 15 corresponding to the 25 first portion of the shutter tine/v-from
when the shutter 2 Decenber 2005 - 55 has opened is F12/v, and the

for eground cpppongat of Lhe. 5l Xt Nuphxel fromihe Leftoin,Fia. 15

correspondlng second portion

ShUtterthQaiﬁH?eﬁﬁgeﬁﬁl LspnELp gelgh SQHGQEBUQg ﬁRQEOn?ﬁé By %lrd portion

sevent h pixel fromt eft |n I'g. 1 correspon

of the shutheket fﬁ%gsf59%mh§ﬂa5@eoﬁbgi£@§tb{)aéaFBeﬁgﬁggaQH5 edoreground

conponent . of the eighth pixel ffomthe I n corresponding to
t he fouabbregﬁbheﬂn?ofmtQefgbagksﬁnal R4V {& %Mﬁ?h bergbuligh has opened

are 10 F12/v. The foreground conponent of the fif pi xel fromthe Ieft
of fganeign LB Fogetddr CRitRSEANELNECE OcRL=586RAINg to a
stationary background and which are located at the same
- positions in the frames. The model shown in Fig. i5_
contaips a covered background area.
;n Fig. 15, it can be assumed that the object

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

15 Ebr example, the forégrdund component of the leftmost
pixel of frame #n~1 in Fig. 15'00rreSpdnding to the first-
portion'pf the_shutter ?ime/v from when the shutter has
opened is Fl2/v, and.the foreground component of the second
pixel from the left in Fig. 15 corresponding to the second

20 portion of the shutter'time/v from when the shutter has
opened is also F12/v.7 The foreground component of the third
pixel from the left in FigL 15 corresponding to the third
portion  of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from-

25 the left in Fig. 15 corresponding to the fourth portion of



portion of the shutter tinme/v fromwhen the shutter has opened is F11/v.
The foreground conponent of the sixth 15 pixel fromthe left in Fig. 15
corresponding to the third portion of the shutter tinme/v fromwhen the

shutter has opened is also F11/v. The foreground conp sevent h
pi xel fromthe left in Fig. 15 corresponding to the fgggﬁﬁ“g%F¥?§n of the
shutter tinme/v fromwhen the shutter 20 has opened is FlI/v. The
foreground conponent of the fifth pixel fromthe |left of franme #n in Fig.
15 corresponding to the third portion of the shutter tinme/v fromwhien the
shutter has opened is F10/v. The fob&ground conponent of the sixth 25

pi xel fromthe loft in Fig. 15 corresponding to the fourth 2 Decenber 2005
- 56 portion of the shutter time/v fromwhen the shutter has opened is

al so FlQ{y.srihe-doregromnde .comanante il he ddof thys Qjﬁ%erlecj:;at the left of

frame #n in Fig. 15 corresponding to the fourth portion o e shutter
time/ v grom when the 5 shutter has opened is F09/v. Since the object
corresponding to the background is stationary, the background conponent of

the sixth pirxel fhregrotha kefpoatnir are t#a il@:fEhxgstlﬁiQ:@fLr gspendinag to the
first -portion of the shutter tinme/v fromwhen the shutter has 10 opened is

BO5/ v. #ihd hackground cammenghsiiofy tthe 13y eddonPipett ifonomtt herd eft of
frame #n in Fig. 15 corresponding to the first and second portions of the
Shuﬁtemhﬂﬂﬂﬁn/ﬁﬂMﬁﬁv from when the shutter has opened is Fll/v.
The foreground component of the second pixel from the left
in Fig. 15'corresponding to the third portion of the shutter
time/v f:om when the shutter has opened is also Fl1l1/v. The
foreground component of the third pixel from the left in Fig.
10 15 corresponding to ﬁhe fourth portion of the shutter time/v
from when the shutter has opened is Fll/v. |
. The foreground'ﬁomponent of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the thiﬁd portion of fhe
shutter time/v from when the shutter has opened is F10/v.
15 Tﬁe foregrbund componént‘of the second pixel froﬁ the left
in Fig. /15 correéponding to the fourth portion of the
shutter:time/v from when the shutter has opened is also
'Flolv. The foregroqnd component of the.leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion of
. 20 the shutter time/v ffom when the shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background componenf of the-second-pixel
' from the left of frame #n-1 in Fig. 15'¢ofresponding to the _
first portion of the'shutter time/v from when the shutter

25 has opened is B0l/v. The background components of the third



when the shutter has opened are B0O6/v. The background conponents of the
eighth pixel fromthe left of frame #n in 15 Fig. 15 corresponding to the
first through third portion of the shutter tine/v fromwhen the shutter
has opened.are BO7/v. In frame #n in Fig. 15, the six#@ throggg'gighth
pixels fromthe left belong to the m xed area, which e%@%%% 8 20
background area. The ninth through twelfth pixels fromthe left of frane #n
in Fig. 15 belong to the background area, and the pixel values thereof are
BO8 through Bli, respectively. The first through ninth pixels fromthe |eft
inframe 25 #n+l in Fig. 15 belong 4 the foreground area. The 2 Decenber
2005 - 57 foreground conponent in the shutter tine/v in the foreground
area of frame #n+l is any one of FO1l/v through F12/v. It can-be assunmed

that thgiebieetomOthespopdi 8 FPakbesnioreground 1§ & Fidithhedyy moving
wi th constant velocity, 5 and that it is noving such that the foreground

i mge i8o dhspkayed ARHTrsPtxelSpdPridesrbahiné nshbhecstbsagupntefdmme. .
Accordi ngly, the foreground conponent of the ninth pixel fromthe left of

frame #ahkbni BhE&i ghuldbegofisespontkidgat® Boe/v i rehe poddipro@igthe shutter
time/v fromwhen the shutter 10 has opened is F12/v, and the foreground
conponeabmpbnéhes dEnthe pPoxeth fpiwel herdefthe Nl &ig. o 56 wiid elgpandi ng to
the second portion of the shutter tine/v fromwhen the shutter.
5 in Fig. 15 corresponding to the first through third portions
of the shutter time/v from when the shutter has opened are
BO3/v. |
| In frame #n-1 in Fig. 15, the'leftmost pixel from thé
left belongs to the foregrpund area, and the second'thréugh
10 fourth pixels from the left belong to the mixed area, which
~ is a covered background-area. | |
The fifth through twelfth pixels from the left of frame
#n—-1 in Fig. 15 belong to the backgroﬁnd area, Aﬁd the pixel
values thereof are B04 through B11l, respectively.
15 ~ The first thréugh fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any‘one of F05/v through Fl2/v. |
It can . be assumed that the object corresponding to the
- 20 foreground is a figid body moving with constant Veloéity,
and that it is moving such that the foreground image is
displayed four pixels to the right in-thé subsequent'frame.
Accordingly, the foreground compénent of the fifth-pixel
- from the left of‘frame‘#ﬁ in Fig. 15 corresponding to the

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



has opened is also F12/v. The foreground conponent of the eleventh pixel
fromthe left in Fig. 15 corresponding to the 15 third portion of the
shutter tine/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel fromthe left in Fig. 15 _corres ing to
the fourth portion of the shutter time/v fromwhen th E@ﬁﬂ?ﬁggﬂﬁgs opened
are F12/v. 20 The foreground conponent of the.ninth pixel fromthe |left of
frame #n+l in Fig. 15 corresponding to the second portion of the shutter
time/v fromwhen the shutter has opened is F1l/v. The foreground conponent
of the tenth pixel fromthe left +n5kig. 15 corresponding to the third 25
portion of the shutter tine/v fromwhen the shutter has 2 Decenber 2005 -
58 opened is also F1l/v. The foreground conponent of the eleventh pixel

from e L efief .0 Ly £OTLEPRANSI AG10-508, LANELALPOTSEOn, of the

shutter tine om when the s ‘has opened | e foreground

conponegy y of ;Bﬂ?elniﬁﬁﬁir 1 d#omd rtﬁq' ef4 ‘ﬁér}é%‘%‘% {;6‘ flg. 15

corresponding to the portion the shutter rom when t he

shut t ersd@snd qRsNehd S FIH srihecd or eghopndes commanantod diecdenth pixel
fromthe left in Fig. 15 corresponding to the fourth 10 portion of the

shutt erndd nependd on whesn e ShUt tele hasr apenesh | Sod el U v . cdde
foreground conponent of the ninth pixel fromthe left of frame #n+l in
Fi g5 1seostasoi¥iinFrom the left in Fig. 15 corresponding to the
.third portion of the shutter time/v from when the shuttef
has‘opened and the foreground component of'fhe 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
LO le/v.

The‘foréground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second
portion of the shuttexr time/v from when the shutter has
opened is Fll/v.- The foregrouﬁd component of the sixth

.15 pixel from therleft in Fig. 15 cdrresponding to the third
portion of the shutter time/wv from when the shutter has
,opened'is'also F11/v. The foreground component of the

- seventh pixel from the leff in Fig. 15 corresponding to the
fourth.portion of the shﬁtter-time/v from when the shutter-

20 has‘oﬁened is F11/v. |

The' foreground component of thé fifth pixel from the
‘left of frame #n in-Fig. 15-Ceresponding t§ thé third

_pértion of the shutter_timefv from when the shutter has
opened is FlO/v; The foreground component of the sixth

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



to the fourth portion of the shutter tine/v fromwhen the shutter has
opened is FO9/v. Since the object corresponding to the background is
stationary, the background conponent of the tenth pixel from the left of
frame #n+l in Fig. 15 corresponding to the first port n of tgﬁoshutter

" time/v fromwhen the shutter has opened is B09/v. The 8&@?83 onponent s
of the eleventh pixel fromthe left of frane #n+l in Fig. 15 corresponding
to the first and second portions of the shutter tine/v from when the
shutter has opened are B10/v. The background conponents of the twelfth

pi xel fromthe left of frame #n+l - $eFi-g. 15 corresponding to the first
through third portion 25 of the shutter tinme/v fromwhen the shutter has
opened are 2 Decenber 2005 - 59 Bll/v. lii franme #n+l in Fig. 15, the

Fenth thro h tm%léﬁguﬁguggég %ggg]%hgi%mf%hgglgh sﬁ#{@erqﬁxed area, which

is a vere back i s a nodel an i nage obtai ned by

eXtraCt'B%ye ?usgiggrPEB?vcogFRQe@B§eégQgﬁ&h@o %&én%aéﬂe?héhPffhﬂ” Fig.

15. Fig rates a nod obtain y exp ing in he ti e

directi B@xbhefﬁbaﬁekﬁem@b% affef@mﬂgn#q $hoes by- 5s de, A0 4o ddM 8§ {4 ames of

an i mage obtained by capturing an object corresponding to a foreground that
i's movi Rget @ohiRen H8PtibA oF GhelénhegelheimdV ¥ he Abn OPhEE tigor responding to

a
" .5 shutter has opened is F09/v.

S5ince the object corresponding to tﬁe backg;ound is
stationary, tﬁe-background component of the sixth pixel from
the left of frame #n in Fig. 15 corresponding to the fifst
portion of the shutter time/v from when the shutter has

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

15 Fig. 15 corrésponding to the first thrdugh third portion of
the'shutter time/v from when the shutter has opened are |
B07/v. |

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

20 backgrqund'area.

The ninthfthrough twelfth pixels from.the left of frame
“#n in Fig. 15 beloﬁg to the backgroﬁnd areé, and the pixe}
values theréof are B08 through Bll, réspectively.

The fifst through ninth pixels from the left in frame

25 #n+1l in Fig. ‘15 belong to the foreground area. The



stationary background and which are |ocated at the same positions in the
frames. The nodel shown in Fig. 17 15 contains an uncovered background
area. In Fig. 17, it can be assuned that the object corresponding to the

foreground is a rigid body noving with constant veloc% , aﬁd_%£gt-it IS
noving such that it is displayed four pixels to the r'E%?eW i :
subsequent frane. 20 Accordingly, the anount of novenent v is 4. For
exanpl e, the foreground conponent of the |eftnost . pixel of frame #n-1 in
Fig. 17 corresponding to the first portion of the shutter tinme/v from when
the shutter has opened is F13/v, and7the foreground conponent of the
second 25 pixel fromthe left in Fig. 17 corresponding to the second 2
Decenber 2005 - 60 portion of the shutter tinme/v fromwhen the shutter has

d | | F13/v. The f : t of the third i | f th
B - g R  EM

| rom uhsp L ShULh ety 5 oBRped and LI | OLGgr punce porponent of Lhe

fourth prXxel from correspon e fourth portion

O oS SR Tl G JAARANI P ST Nk RS S e

f or egr ound conponent e second pi X ‘Tomt _

2 shifCEEORERRICLIn L0t e aginid ot ol alblistodiaply (1o when
5 and that it i1s moving such that the foreground image is '
displayed four pixels to the right in the subsequent frame.
Accordingly, the foreground component of the ninth pixel.
from the left of frame #n+l in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter

10 has opened is Fl2/v, and the foreground component of thé
tenth pixel from the left in Fig. 15 corresponding to the

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

15 - third portion of the shutter time/v from when the shutter
haSIOpened and the foreground component of the twelfth pixel
from the left in Fig. 15 corresponding to the fQurth'portioﬁ
of. the shuttér time/v from when thelshutter has opéned are
F12/v.

26 Tﬁe foreground component ¢f the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the second
portion of the shutter time/v from when thershutﬁer has

~ opened is'Fil/v. The foreground component of the tenth
pixel ffom'the left in Fig: 15‘corresponding to the third

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



pixelrfr0n1the'left in Fig. 17 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has 15 opened is also F14/v. The
foreground conponent of the third pixel fromthe left in Fig. 17

corresponding to the first portion of the shutter ti v fromyhen the
shutter has .opened is F15/v. Since the object corregggﬁﬁlﬁ eﬁ%ﬁﬁ?he

background is 20 stationary; the background conponents of the |eftnost

pi xel of frame #n-1 in Fig. 17 corresponding to the second through fourth
portions of the shutter time/v fromwhen the shutter has opened are B25/v.
The background conponents of the seé®nd pixel fromthe left of frame #n-1
in Fig. 17 25 corresponding to the third and fourth portions of the 2
Decenber 2005 - 61 5 shutter tine/v fromwhen the shutter has opened are

B26/ v. . ophachackgrousdreopponetic 0f o kg rbBhE doBhShedf OMF thg. | eft of frame
#n-1 in Fig. 17 corresponding to the fourth portion of the shutter tine/v

from whehevbatahptkel Hasmopraeleis BR7FVg. | 05fE@PRe#pdaidy RQ tid, the
| ef t rost pi'xel through the third pixel belong to the m xed area, which is
an uncévertd packypound aneashdbeef ouimb/ ¥ hf ooghwiidvel fid ghxets-from the
left of frame #n-1 in Fig. 17 belong to the foreground area. The
f oregr obad cpepedens BilYwe frane is any one of F13/v through F24/v.
5 The foreground component of the'ninthrpixel from the

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

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

opened is F1l0/v. The.foreground component of the tenth

pixel from the left in Fig. 15 correspondihg to fhe fourth

10 ﬁortion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
pixel from the left of frame #n+l in Fig. 15 corresponding
‘to the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

15 Since the object corresponding to the background is
stationary, the baékground component of the tenth pixél from
the‘left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter time/v from whén tﬁe shutter has
opened is B09/v; The background components of the eleventh

20 pikel from the left of frame #n+l .in Fig. 15 corresponding
to the first and second portions of the‘shutter time/v from
when the shutter has opened are Bl0/v. The background
components of the twelfth pixel from fhe léft of frame #n+l

in Fig. 15 corresponding to the first through third portion

25 of the shutter time/v from when -the shutter has opened are .



The | eftnost pixel through the fourth pixel fromthe Ileft of frame #n in
Fig. 17 belong to the background area, and the pixel values thereof are B25
t hrough B28, 15 respectively. It can be assuned that the object
corresponding to the foreground is a rigid body novingpuidhh&GopsEant
velocity, and that it is noving such that it is displayed four pixels to
the right in the subsequent frame. Accordingly, the 20 foreground conponent
of the fifth pixel fromthe left of frame #n in Fig. 17 corresponding to
the first portion of the shutter tine/v fromwhen the shutter has opened is
F13/v, and the foreground conponent®df"the sixth pixel fromthe left in
Fig. 17 corresponding to the second portion of the 25 shutter tine/v from
when the shutter has opened is also 2 Decenber 2005 - 62 F13/v. The

f or egr au/~conponent of the seventh pixel from the left in Fig. 17 :
corresponding to the third portion of .the shutter tinme/v fromwhen the
shutter has Iepgnradeattd+thén fFageguoyndheorpananthebulheraiyhth pi xel from
"the left in5 Fig. 17 corresponding to the fourth portion of the shutter

ti me/ v Hicomswherent hehes Higtfite belasopen edheame deti3aveaThenfiehegsoand conponent -
of the sixth pixel fromthe Ileft of frame #n in Fig. 17 corresponding to

t he fi raavenssy thegrkggfounide agleat-t er tine/v from when the shutter has 10
opened is F14/v: The foreground conponent of the seventh pixel fromthe

| ef® in FigFigz &6riespondilag ¢6 sReimagendbtained by extracting '

thg foreground components from the pixel values shown in Fig.
15.
Fig. 17 illustrates a model obtained by expandihg in
the time direction the pixels which are aligned side+by-side
10 in three frames of an image obtained by capturing an object
correqunding to a foreground that is moving to-the right in
Fig. 17 together with an dbject corresponding to a
statiqn&ry background and which are located at the same
- positions in the frames. The model shownlin Fig.'17
15 éontains an uncovered background area.

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

: Zb VAccdrdingly} the amount of movement v is 4.

For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 cofreSpbnding tb the first
portion of the shutter time/v from when the shutter has
opened 1s F13/v, and the foreground componeﬁt of the second

25 pixel from the left in Fig. 17 corresponding to the second



portion of the shutter time/v fromwhen the shutter has opened is al so
F14/v. The foreground conponent of the eighth pixel fromthe left in Fig.
17 corresponding to the 15 first portion of the shutter tinme/v from when

the shutter has opened is F15/v. Since the object cor o the
background is stationary, the background conponents o @%ﬁgﬂ?:?ﬂw%plxel
fromthe left of frane #n in Fig. 17 corresponding to the 20 second

t hrough fourth portions of the shutter time/v fromwhen the shutter has
opened are B29/v. The background gﬁgnents of the sixth pixel fromthe

| eft of frame #n in Fig. 17 corresp ing to the third and fourth portions
of the shutter tine/v fromwhen the shutter has opened are 25 B30/v. The
background conponent of the seventh pixel from 2 Decenber 2005 - 63 the

| ef t -of poraden#efi thEi ghutiecotimsgondirog whehhehboshtiitepohtison of the
shutter tine/v fromwhen the shutter has opened is B31/v. In frame #n in
Fig. 17°Pﬁﬁ§df#ﬁtﬁlppx§ﬂ3fhrou@hetﬁerégseuadthompweéntroﬁlthe Leitdbel ong
to the m_ xed area, which is an uncovered background area. The eighth
throughpﬁﬁéﬂfﬁﬁoﬁl%Bﬁslﬁfénﬂﬂhglgefﬂ7oﬁ0rtﬁanen#nngnt6|ghelﬂhbeﬁong to the
f or eground Larea. The wvalue in the foreground area of franme #n

cor r espBRATLAGNt 8L 180 ehehBEERBd taler He £5R: WBELt Ehe/ §hitstanyhame of F13 /v

thrqygh F20/.v

ened and the foreground component of the fourth pixel from
‘the left in Fig. 17 corresponding to the fourth portion of
the shutter tiﬂe/v from when the shutter has opened are
F13/v. |
The foreground component of the second pixel from the
10 left of frame #n~1 in Fig. 17 corresponding to the first
| portion of the shutter time/v from when the shutter has
opened is Fl14/v. The foreground componont 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
;5 operied is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter timé/v from when the shutter has
-opened is F15/v. |
Since the objectrcorresponding to the background .is
20 "stationary;_the'backgrouod oomponents of the leftmost pixel
of frame #n-1 in Fig. 17 corresponding to the second thfough
~ fourth portions of the shutter'time/v from when the shutter
rhao opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 17

25 corresponding to the third and fourth portions of the



'The | ef t rost pi xel through the eighth pixel fromthe left of frame #n+l in
Fig. 17 belong to the background area, and the pixel values thereof are
B25 t hrough B32, 15 respectively. It can be assuned that the object

corresponding to the foreground is a rigid body novin i ant
velocity, and that it is noving such that it is displg§%%é$8%?ﬂ%%xels to
the right in the subsequent frame. Accordingly, the 20 foreground conponent
of the ninth pixel fromthe left of franme #n+l in Fig. 17 corresponding to
the first portion off the shutter tine/v fromwhen the shutter has opened
i.s F13 /v, “and the foreground conpofiént of the tenth pixel fromthe left
in Fig. 17 corresponding to the second portion of the 25 shutter tinme/v
fromwhen the shutter has opened is also 2 Decenber 2005 - 64 F13/v. The

f or egr osndteenponesf v of réhieviebevens hsiphxedr TEOM opdiged efte igndi@. 17
corresponding to the third portion of the shutter tinme/v fromwhen the

shut t er Thasbapegedumd dedtisod @i €96 O uite campanepixof §hsn tywd fidepioel from
the left in 5 Fig. 17 corresponding to the fourth portion of the shutter
time/v framewhenl t e Bhyt tET desr openedli ray etd- 1My . fdherf gs@griound £onponent
of the tenth pixel fromthe left of frame #n+l in Fig. 17 corresponding to
‘the firske povtten bimefre Ehomt eheni heévshnomewhbast heeskdt ter BRagv10
opened is F14/v. The foreground conponent of the eleventh pixel fromthe

|l ef €.in Fi g IMZ@ae dspdndimgido tie $deod@ftmost pixel through

the third pixel belong to the mixed area, which is an
ungpvered background area.

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

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

The leftmost ?ixel through the fourth pixel from thé
left of frame #n in Fig. 17 belong-to the background area,
and the pixel Values'thereof_are B25 through B28§,

15 respectively.

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

20 foreground'componént of the fifth pixel from the left of
| frame #n in Fig; 17 corresponding to the first portion of
the shuttgr time/v from when the shutter has opened is F13/v,
and the.foreground component of the sixth pixel from the
left in Fig. 17 corfesponding to the second portion of the

- 25 rshutter time/v from when the shutter has opened is also



portion. of the shutter time/v fromwhen the shutter has opened is al so
F14/v. The foreground conponent of the twelfth pixel fromthe left in Fig.
17 corresponding to the 15 first portion of the shutter tinme/v from when

the shutter has opened is F15/v. Since the object cor nﬁi o the
background is stationary, the background conponents o?%%%gm ?Pg%ﬁ%ixel
fromthe left of frane #n+l in Fig. 17 corresponding to the 20 second
t hrough fourth portions of the shutter tine/v from when the shutter has
opened are B33/v. The background conpgnents of the tenth pixel fromthe
left of frame #n+l in Fig. 17 corfe§§oﬁding to the third and fourth
portions of the shutter tinme/v fromwhen the shutter has opened are 25
B34/v. The background conponent of the el eventh pixel from2 Decenber 2005
- 65 tH&3Velt Dhef fameg#owhdi cofpgned? 66r tReposdenghteitde rfonrth
portion of the shutter tine/v.fromwhen the shutter has opened is B35/v.
| n franthgnipfinifi §igl717t hernespbntihngugh ehevenihd Bopixehsofromthe
left in Fig. 17 belong to. the mxed area, which is an uncovered ‘
backgr otihl ahe&teThéimeévf fhopi weenf tioen shettefthas épemed #md theFig. 17
belongs to the foreground area. The foreground conponent in the shutter
time/v FRATEHECTBF egPBRAUCAE caf ofherahshih+iteli Eremytiomeloft I8 t hr ough
F16, resEectiyer. Fig. 18 illustrates a, nodel of an inmage obtained by
5 Fig. 17 cOrresponding to the fourth portion of the shutter -
time/v from when the shutter has opened are F13/v.
The foreground component of the sixth pixel from the
left of frame #n in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
10 opened is Fl4/v. The foreground component of the seventh
pixel from the left in Fig. 17 co;responding‘to the éecond
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of tﬁe
eighth pixel from the left in Fig. 17 correspoﬁding to the
15 first portion of the shutter time/v from whenlthe shutter
has opened is F15/v.
Since the object corresponding to the background is
stationary, the background components of the fifth pixel
from the left of frame #n in Fig. 17 corresponding to the
20 second through fourth portions. of the shutter time/v from
when the shutter has opened are B29/v. The background -
components of the sixth pixel from the left of frame #n in
Fig. 17 corresponding to the third and fourth portions of

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

25 B30/v. The background component of the seventh pixel from



extracting the foreground conponents fromthe pixel values shown in Fig.
17. Referring back to Fig. 2, the area specifying unit 103 15 specifies
flags indicating to which of a foreground area, a background area, a
covered background area, or an uncovered background apeRcbiBed stfisvi dual
pi xel s of the input imge belong by using the pixel values of a plurality
of frames, and supplies the flags to the m xture-ratio calculator 104 20
as the area information. The m xture-ratio cal cul ator 104 cal cul ates the
m xture ratio a for each pixel contaiped in the m xed area based on the
pi xel values of a plurality of framef’and the area information, and
supplies the calculated m xture ratio a to 25 the :foreground/ background
separator 105. 2 Decenber 2005 - 66 The foreground/ background separ at or

105 extttectisfithef fforaegr dund.rcanppnait domgeseoREinst ivag tife @ahiy-thhe
foreground conponents and the background conponent inmage consisting of
only t e iadckyrdurithe eipdrtent 3 ibesad omont héhadi Xdle wahttesrothas a plurality
of franmes, the area information, and the m xture ratio a, and outputs the
f or egr GRfR&shrio®Et/ vi-mage and the background conponent image. The

f or eground/ background separation processing perfornmed by the inmge
processi ng aPppaFafas*nsifelégibéd, tbepbdiswhwpikeletbrengk thethe flowchart

of'fig. 19. In step 511, the notion detector 102 cal cul ates a notion vector
of seventh pixel from the left belong to the mixed area, which

is an uncovered background area.

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

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

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

15 respectively.

It can be assumed that the object corresponding to thé
- foreground is a rigid bédy méving withrconstant veloclity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the

20 foreground_componenf of the ninth pixel from the left of
frame #n+l in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,
and the foreground component  of the tenth pixel from the
left in Fig. 17 corresponding to the second portion of the

_25_'shutter time/v from when the shutter has opened is also



techni que, such as bl ock matching, gradient, phase correlation, or

pel -recursive technique, and supplies 15 the cal cul ated notion vector and
the notion-vector positional information to the area i fyi nit 103
and the mxture-ratio calculator 104. In step 512, thgegﬁgggggg%#fying
unit 103 executes area specifying processing, based on an input image, for
20 generating area information indicating to which of a. foreground area,
a background area, a covered background area, or an uncovered background
area each pixel of the input inage bélongs. Details of the area specifying
processing are given bel ow. The area specifying unit 103 25 supplies the
generated area information to the m xture-ratio 2 Decenber 2005 - 67

cal cul agpg/404. Thd &S LRy =gnd LGP 8dh SREET {1 r@imgu}gﬁ)ﬁ/c rate,

based on the input inmage, area information indicating t of the

foreground p&e@, i hesdbackgruwe saaaidy tdherk ined FHa ildegar dl ess of

whet her each pi xel belongs to a covered background area or an uncovered
backgr ottnd stiw@er engie A XEtowfwidie tHPUnhdege el Yigshed hdditmecase, the

f or egr ound/ background separator 105 determ nes based on the direction of
t he notforeyesiod admgidresnt hef nibedowsleBch Dixell) f@ered haskgriound area or
an uncovered background area. 15 '
5 Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

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

iO opened is Fl4/v. The foreground component of the eleventh
'pixel from the left in Fig. 17 corresponding to the second
portion. of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground. component of the
twelfth pixel from the left in fig.,17 corresponding to the

15 first portion of the shutter time/v from when the shutter
has opéned is F15/v.
| Since the object corresponding to the background is
stationary, the background components of the ninth pixel
from thé left of frame #n+l in Fig. 17 corresponding to the

20 . second through fourth portions of thé shutter time/v from
when the shutter has cpened are B33/v. The background
-components of the.tenth.pixel from the leftrof frame #n+l in
Fig. 17 corresponding ﬁo the third and fourth portions of

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

25 B34/v, The background component of the eleventh pixel from




For exanple, if the input image is disposed in the order of the foreground
area, the m xed area, and the background area in the direction of the
notion vector, it is determned that the mxed area is a covered

background area. If the input image is disposed in th r der he
background area, the m xed area, and the foreground a?géc?ﬁm?%%O irection

-of the notion vector, it is deternmined that the m xed area is an

uncover ed background area. In step S13, the m'xture-ratio cal cul ator 104 20
calculates the mxture ratio a for each pixel contained in the m xed area -
based on the notion vector and the-péSi+ional information thereof. Details.
of the mxture ratio calculating processing are given bel ow. The

m xture-ratio calculator 104 supplies the calculated m xture ratio a to 25

the. forggl RAC KO QNG PP RN G 105 Lo lRESIRL: APGD, 08 LN step Sl

t he foreground/ background separ at or or eground conponents

and t her HACKLUNG o, f WPANANT S, fEQim tﬁ%fﬂ%ﬁﬂ&%&gﬁg@g@#&& ar ea

information and the m xture ratio a, and synthesizes ound

conNponedys idpaedPasedk Py he extracted foreground conponents and al so
synt hesi zes 't he background conmponent i mge based on the extracted

background genpeaset $n+ihen Fagegnoundhbackaraund SapAr atake4h@h outputs the
foreground conponent inmage and t he background component image, and the 10
pro6esgiiels fddwen.tieoma et ech Mief.ails xfldlie to the mixed area,
| which is an uncoﬁered background area.
The twelfth piXei from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foregroﬁﬁd component
in the shutter time/v in the foreground area of frame #n+1
10 is any one of F13 through F16, respectively.
Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the-pixel values
shown in-Fig. 17.
Referring back to Fig. 2, the area specifying unit ld3
15 specifies flags indicating to which of a foreground area, a’
backg;ound area, a covered background area, or an uncovered
_backﬁround,area the individual pixels of the input image
belong by usiﬁg ﬁhe pixel values of a plurality of frames,
and sﬁpplies.the flags to the mixture-ratio calculator 104
20 as the area information.
The mixture—ratiq calculator ‘104 calculates fhe mixture
rratio o for each pixel contained in the mixed area based on
-‘the pixel values of a plurality.of frames and the area
information, and supplies the-calculated mixture rétiO'a to

25 the foreground/background separator 105.



f or egr ound/ background separati on processing are discussed below As

descri bed above, the inage processing apparatus is able to calculate the
m xture ratio a and to separate the 15 foreground and the background based
on the calculated mxture ratio a. The configuration ?B eacg %@Oghe area
“specifying unit 103, the nixture-ratio cal cul ator 104% ~°5H8°%"

f or egr ound/ background separator 105 is described below 20 Fig. 20 is a

bl ock diagramillustrating an exanple of the configuration of the area
specifying unit 103. The area specifying unit 103 shown in Fig. 20 does
not use a notion vector. A frame meféry 201 stores an input-image in units
of franmes. Wen the inmage to be processed is franme #n, the 25 frane nenory
201 stores franme #n-2, which is the frame two 2 Decenber 2005 - 69 franes

before framepdih, £d fQE il Aoa MY LS d8 LLATE ANP o fe g Pefpre frame #n,

frame #n, frane #n+l, which is the frane one frane after frame #n, frane

#n+2, m@b§@g£§uﬁ@eco$%@ﬂ@n£w@m&@@ﬂ@éﬁ@i&@in&raﬁﬁoﬁny fhSt AL+ ORAEYAdOVI NG’
determ ning portion 202-1 reads the pixel value of the pixel of frame #n+2

| ocat edcahpbhen 88NBaPOShe | PACRGreusl@StanpbeanPi xRhgdf cdhian®r #iy i i whi ch the
area to which the pixel belongs is determ ned, and reads the pixel value
of the phkel tlhé bHaakgréitd tonpdeents bheecdadk 4Re pPSidél OfaDled her ' :
desi gnat ed pixel of frame #n fromthe frane
5 a plurality of frames, the area information, and the mixture
ratio «, and outputs the foreground component image and the
background-component_image.
The foreground/background separation processing
performed by the image processing apparatus is described
10 below with reference to the flowchart of Fig. 19. 1In step
S$11, the motion detector 102 cﬁlculates a motion vector of
the image object corresponding to the foreground object
according to a technique, such as block matching, gradient,
phase Correlation, or pel-recursive technigue, and supplies
15 the calculated motion vector and the motion-vector
positional information to the area specifying unit 103 and
the mixture-ratio caiculator 104.
In step 512, the area specifying unit'103 executes area
specifying processing, based on an input image; for-
20 generating area information indicating to which of a .
‘foreground area;.a background area, a covered background.
 area, or an uncovefed background area each pixel of-the |
‘input image beloﬁgs.~ Details of the.érea specifying
processing are given below. rThe area specifying unit 103

25 supplies the generated area information to the mixture-ratio



menory 201, and calcul ates the absolute value of the difference between
the read pixel values. The stationary/noving determning. portion 202-1
determ nes whether the absolute value of the difference between the 15

pi xel value of franme #n+2 and the pixel value of frame ﬁp+1 IS, greater
than a preset threshold Th. If it is determned that £H&° iP@éFg ceis
greater than the threshold Th, a stationary/noving determ nation
indicating "nmoving" is supplied to an area determ ning portion 203-1. If
it is 20 determ ned that the absolute value of the difference between the
pi xel value of the pixel of frame #n&2 and the pixel value of the pixel of
frame #n+l is smaller than or equal to the threshold Th, the

stationary/ noving determ ning portion 202-1 supplies a stationary/noving

determupatdondfdigat i ng 25 "stationary” to the area determning portion
203-1. 2 Decenber 2005 - 70 A stationary/noving determ ning portion 202-2

reads the pixeleypalsue ofnkherdasisgRaliediBigXehief 1bhapR#gehd Whkch the
area to which the pixel belongs is determ ned, and readS the pixel value

of the sl of dHamdghtHinLfat edrat it saim o ReRildan s e designat ed
pi xel of frame #n fromthe franme nenory 201, and cal cul ates the absol ute

val ue afhitdie o dlitdfHerRneryhrineerrdde i eadkridrsmd HiRSt ald aay y/ novi ng
determ ning portion 202-2 determ nes whether the absolute value of the
di f § er emicedbetrween( tdya mibeals el wheadfhdfr avmrhl @ el bandrdie qoi xel val ue of

frame #n is greater than the :
covered background area or an uncovered- background area)

each ﬁixel of the input image belongs. In this caée, the

foreground/background separator 105 determines based on the

direction of thé motion véctor whether the mixed area is a

10 covered background area or an uncovered background area.

For example, if the input image is disposed in the order of
.the foreground area, the mixed area, and the background area
rin the direction of the motion vector, it is determined that

the mixed area is a covered background area. If thé input

15 image is disposed in the order of the background aréa, the
mixed area, and the foregroupd area in the direction of the
motion vector, it is deterﬁined that thermixed-area is an
uncovered background area. |
In step S13, the mixture-ratio calculétor 104
20 célculates the mixture ratio a for each pixel contained in
the mixed area based on the motion vector and the bdsitional

_information thereof. Details of the mixture ratio
calculating processing are given below. The mikture-ratio
calculator 104 supplies the calculated mixture ratio a to

25 thexfo:eground/background separater 105.



preset threshold Th. If it is determ ned that the absolute value of the

di fference between the pixel values is greater than the threshold Th, a
stationary/ noving determ nation indicating "noving" is supplied to the
area determning 15 portion 203-1 and an area deternmi orti 203- 2.

If it is determi ned that the absolute value of the P#Pg?%ﬂ%er?g)g?v\een t he
pi xel value of the pixel of frame #n+l and the pixel value of the pixel of
frame #n is smaller than or equal to the threshold Th, the

stationary/ noving 20 determ ning -portion 202-2 supplies a stationary/ noving
determ nation indicating "stationary%8 o the area determ ning portion 203-1
and the area determ ning portion 203-2. A stationary/noving deterni ning
portion 202-3 reads the 25 pixel value of the designated pixel of frame #n

i n which therg Dece g??%h289§ fo{é% 28/ éh%ﬁ!éﬁh&*@%ﬁ% oD PNgs 1S

determ ned, and rea e pixe ue o I xel rame #n-1 | ocated

at the SameacRQskhbORoASqtBEnACShHUPBhEHLRI éﬁ& eﬁefbgeﬁg#auﬁaomthe frame
menory 201, and cal cul ates the absolute value of the 5 difference between

the pi xebmpahuass FhemStALI PABLY/ MR¥EBIpadeliesAl PhBJapALt I ON 202-3
det erm nes whether the absolute value of the difference between the pixel

val ue ofinfranet#6n and the pixelrwvakueiofafrane #pnthbsigeeatre than the
preset threshold Th. If it is determ ned that the absolute value 10 of the
di f fler efioeehebuwardncoipopenel imatyeebassdgoratke €h@hacted foreground
components and also synthesizes the background component
image based on the extracted background components.  The-
foreground/background sepafator 105 outputs the foreground
component image and the background component image, ahd the

10 processing is then completed. ﬁetails of the
foreground/background separation processing are discussed
below.

As described abéve, the image processing apparatus is
éble to calculate the mixture ratio o and to separate the

15 foreground and the background based on the calculated
mixture ratio «.

The configuration of each of the area”spébifying unit
103, the mixture~ratio calculator 104, and tﬁe-
foreground/background separator 105 is described below.

20. Figi 20 is a block diagram illustrating an example of
“the configuration of the area specifying unit 103. The area
‘specifying unit 103 shown in Fig. 20 does not use a motion
vector. A.frame memory 201 stores an input image in units
of framés. Wﬁen the image to be processed is frame #n, the

25 frame memory 201 stores frame'#n42,_which is the frame two



the threshold Th, a stationary/noving determ nation indicating "nmoving" is

supplied to the area determining portion 203-2 and an area determ ni ng
portion 203-3. If it is determned that the absol ute value of the

di fference 15 between the pixel value of the pixel of g t he

pi xel val ue of the pixel of frame.#n-1 is smaller than Ce@gﬂ&?% o the
threshold Th, the stationary/noving determ ning portion 202-3 supplies a
stationary/ noving determination indicating "stationary" to the area
determning portion 203-2'0 2 and the area determ ning portion. 203-3. A
stationary/ nmovi ng determ ning portirof9262-4 reads the pixel value of the.
pi xel of frame #n-1 |located at the sane position as the designated pixe

~of frame #n in which the area to which the pixel belongs is deternined,

and reagsafhdie por el e ratd Uh Of £ £ iRe PEXE] | Ofin { £RMEs # 9@_& At the same
2 Decenbe? 2005 - 72 lhom ttuﬁé)n as tehg#dem gnat%dnﬁ? x%hg# rame #n fromthe

frame e Yo2ltlne anchalenl] atLsnd Nen absphtl exy Al Uenof ot hes did ference

" between the pixel val ues. The stati-onary/moving determ ning portion 202-4

det er m fesmavhaidefrdnhe ahsot Ut arke viah Uef £dmé hen M | fiai eRgei beteen the pi xel
value of frame #n- 1 and the pixel value of frame #n-2 is greater than the

preset fitumshotal fitemdd dfitdis fedmds dmed that the absolute val ue of the

di fference between the pixel values is greater than the threshold Th,

staﬁlonary/mnwmagldehewdmm&mmmﬁdHlenmmnxﬂgrpyfﬂﬁmn|ﬂy2—u51$uﬂplmeé to the

area deterntnlng
pixel value of the pixel of frame #n+2 located at the same
posltlon as a desmgnated‘plxel of frame #n in which the area
to which the pixel belongs is determiﬁed, and reads the
pixel value of the pixel of frame #n+l located at the same

10 position of the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the reéd pixel values. The
stationary/moving determining portion 202-1 determines
‘whether the absolute value of the difference between the
15 pi#el value of frame #n+2 and the pixel value of frame #n+l

'is grgater than a preset threshold Th. TIf it is determined
that the differencé is greater than the threshold Th, a
stationary/moving determination indicating "moving" is
supplied to an area determining portion 203—1. If it is

- 20 detexmined‘that the absolute value of the difference between
the pixel value of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smallerlthan or equal to
the threshold Th, the stationary/moviﬁg determining portion
202-1 supplies a sﬁationary/moving determination indicating

25 “stationary" to the area determining portion 203-1.



portion 203-3. If it is determ ned that the absolute value of thé.
difference between the pixel value of the pixel of frame #n-1 and the
pi xel value of the pixel of franme #n-2 is smaller than or equal to the
threshold Th, the 15 stationary/ noving determ ning pordj - upplies a
stationary/ noving determ nation indicating "stationaryébggwégﬁéﬂgsea
determ ning portion 203-3. \Wen the stationary/ noving determ nation
supplied from the stationary/noving. determ ning portion 202-1 indicates
20 - "stationary" and when the stationary/noving determ nation supplied from
the stationary/ novi ng determ ni ng por7di en 202- 2 indicates "noving", the
area determning portion 203-1 determ nes that the designated pixel of |
frame #n belongs to an uncovered background area, and sets "1", which ‘
i ndi cates 25,t ' [ : s to a 1cpvere ckground 2 |
Decenber 200t Q@%&i&g%%gﬁh %ﬁi%ﬁ%ﬁ%%@%%ﬁ?&n&%ﬂpg raee‘_"tc_feisr %%n“%(ng flag - 1
associ abedoii thakBeodeshanatedpheh pYRen LRecsLaL pRary/ oVl nden, |
determ nation supplied from t e stat?onary_nDV|ng determ ning portion |
202-1 i pdaaksswhicHO¥HhAYL:i RE1WHENLHS S5 aklpOARYALRYI NGy det o5 pRLi on
supplied fromthe stationary/noving determ ning portion 202- 2 indicates |
"stati opakyl, vhil@eabearBpesi k¥l NgruUptimdOBnds tetgrohngs thatsihe '
desi gnated pi xel of frame #n does not belong to an.uncovered background

grfas apdssetisn” 85, tnbi @8si§nhpdicai £61t bat fthge dpsi grah eghPi Xedmdoes not

el ong to an
: memory 201, and calculates the absolute wvalue of the

difference between the pixel values.. The stationary/moving
determining portion 202—2 detérmines whether the absolute
value of the difference between the pixel value of frame

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

15 portion 203-1 and an area determining portion 203-2.
If it is determined that the absolute value of the
difference beﬁween the pixel walue of the pixel of frame
“#n+l and.the.pixe; value of the pixel of frame #n is smaller
‘than or equal to the threshold Th, the stationary/moving

éO determining portion 202-2 supplies a stationary/moving
determination iﬁdicating "stationary" to the area
‘determining portion 203-1 and the area determining portion
203-2. |

A stationary/moving determining ﬁbrtion 202-3 reads the

25 pixel value of the designated pixel of frame #n in which the



uncover ed background area, in the uncovered-background-area determ ning
flag associated wth the designated pixel. The area determ ning portion
203-1 supplies the uncovered-background-area determning flag in which "1"
or 15 "0" is set as discussed above to a determ ning-flag-storing frane
menory 204. Wen the stationary/ noving deternination s2pgtémsberfiddm the
stationary/ noving determ ning portion 202-2 indicates "stationary" and
when the stationary/noving determnation 2'0 supplied fromthe
stati onary/ novi ng determ ning portion 202- 3 indicate "stationary", the
~area deternining portion 203-2 deterffines that the designated, pixel of
frame #n belongs to the stationary area, and sets "1", which |nd| cates
that the pixel belongs to the stationary area, in a stationary area. 25

det er mi fiag £4 agh asisochat ek the1diegsdess gaat eem M) -ardi Desgabern2005 - 74
When the stationary/ noving determ nation supplied from the

st at i onalyéITova ge det ertg g Past | Orard 2 2-1 Nbeat&$ at N Ngam®r when the
stationary/noving determ nation supplied fromthe stationary/noving
det er mi po st oot td DL 2 e Byriancha ap Bx & hovt nHramé hign af we@n detier fi-drhéerg porti on
203-2 determ nes that the designated pixel of frame #n does not belong to
t he st anéoray V20 eaandnchbatlntdy | thwhi ahso i e atebue tdl@atthde pi xel does not
belong to the stationary area, in the stationary-area determning flag
assfci dxference Hretween the pixel wvalues. The staticonary/moving :
determining portion 202-3 determines whether the absolute
- value of the difference between the pixel value of frame #n
~and the pixél value of frame #n-1 is greater than the préset
threshold Th. 1If it is determined that the absdlute value
10 of the difference between the pixel values is greater than .
the threshold Th; a stationary/moving_detérmination
indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203-3. If it
is determined that the absolute value of the difference
15 Dbetween the'pixel value of the pixel of frame #nrand_thé
rpixel value of the pixel of frame #n-1 is smaller than or
equal to the threshold Th, the stationary/moving determining
portion 202-3 supplies a stationafy/moving determination |
indicating "stationary" to the area determining portion 203?
20 -2 and the area determining portion 263—3;
A stationary/moving determining portion 202-4 reads the
pixel value of the pixel of frame $#n-1 located at the same
position as the designated pixel of frame #n in which the

 area to which the pixel belongs is determined, and reads the .

25 pixel value of the pixel of frame #n-2 located at the same



10 designated pixel. The area determ ning portion 203-2 supplies the
stationary-area determning flag in which "1" or "0" is set’ as discussed
above to the determning-flag-storing frane nenory 204. \Wen the
stationary/ noving determ nation supplied from the stationary/noving
determ ning portion 202-2 indicates "noving" and when 2H&cstréer 200 y/ novi ng
determ nation supplied fromthe stationary/noving determ ning portion 202-
3 indicate "noving", the area determ ning portion 203-2 2'0 determ nes that
t he designated pi xel of frame #n belongs-to the noving area, and sets "1",
whi ch indicates.that the designated pgi’xel belongs to the noving area, in a
novi ng- area determning flag associated with the designated pixel. Wen
the stationary/ noving determ nation supplied from25 the stationary/ noving

det er M pbRY tpOht hONtRO248sigflheabiepiRe DesENPRANCOPR rrdR thStAtdRpary” or
when the stationary/noving determ nation supplied fromthe
stati onappbrpvR0y, deher dhDEOUapest tR8 20201 3cd NEhL@d eof St i onary”, the
area determ ning portion 203-2 determ nes that the designated pixel of
frame #diddesenot bebebengthe pheehDvahgedl eaTha@ndtseiSna Hy /maiEh
indicates that the pixel does not belong to the noving area, in the
nmovi ng- deterdénéng pengidh aglassodebe enlines hwidiehabestignadtesb1pixel . The
area determ ning portion 203-2 supplies the noving-
5 value of the difference between the pixel value of frame #n-
1 and the pixel value of frame #n-2 is greater than the
preset threshold Th. If it. is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a staticnary/moving determination
10 indicating "moving" is supplied to the area determining
portion 203-3. TIf it is determined that the absolute value
of the difference between the pixel value of the pixel of
frame #n-1 and the pixel value of the pixel of frame #n-2 is
smaller than or equal to the threshold Th, the
15 stationary/moving determining portion 202-4 supplies a
stationary/moving determination indicating “stationary" to
the area determining portion 203-3.
When the stationary/moving determination supplied from
the staticnary/moving. determining portidn 202-1 indicates
.20 "stationary" and when the stationary/moving determination
' supplied from the stationary/moving.determining portion 202-
.2 indicates “moving", the area determining portion 203-1
determines that the designated pixel of frame #n belongé to

an uncovered background area, and sets "1", which indicates

25 that the designated pixel belongs to an uncovered background



10 area determning flag in which "1" or "0" is set as discussed above to
the determning-flag-storing frane nenory 204. \Wen the stationary/ noving
determ nation supplied from the stationary/ noving determ ning portion
~202-3 indicates 15 "noving" and when the stationary/ noving determ nation

supplied fromthe stationary/ noving determnining portior? Recember26eh cat e

"stationary", the area determ ning portion 203-3 determnes that the

desi gnat-ed pi xel of frane #n belongs to a covered background area, and

sets "It", which indicates 20 that the designated pixel belongs to the

covered background area, in a coverédd- background-area deteriining flag

associ ated with the designated. pixel. Wen the stationary/noving

determ nation supplied from the stationary/ noving determ ning portion

202- 3 i ndeaat &8 aRSun&bab-OABACKGFoWIENaLEE SLALLRADAL NS BYLHY

determ nation 2 Decenber 2005 - 76 supplied fromthe stationary/noving

det er m asagcpatéd oni2B2thd dadigaieed npykay’, the area determning portion
- 203-3 deternmnes that the designated pixel of frame #n does not belong to

a covered bdtiegr ourd sarze@i orend; et nl @' t eriotn 5 dhdi gt leised hadort he

desi gnat ed pi xel does not belong to a covered background area, in the

cover edthacki olueri oy dacv ted edatermpn g assocn a2 @2- Wi 1hdi deteesi gnat ed

pi xel . The area determ ning portion 203-3 supplies the

cover ed"BAtkyd ourd - e et es Pl orp fY Agp ¥ movhdete tiilnatidd 0"

supplied from the stationary/moving determining portion 202-
2 indicates "statiOnarY", the area specifying unit 203-1
determines that the designated pixel of frame #n does no£
- belong to an uncovered background area, and sets “0",7Whieh
10 ihdicates that the.designated pixel does not belong to an.
uncovered background area, inrthe uncoveredmbackground—area

determining flag associated with the designated'pixel.

The area determining portion 203-1 supplies the
uncovered-background-area determining flag in which "1" or

15 "0" is set as discussed above to a determining-flag-storing

frame memory. 204 .

When the stationary/moving determination supplied from
the stationary/moving determining portidn 202-2 ihdicates
“"stationary" and when the stationary/moving determination

20 supplied from the stationary/moving determinind portion 202-
3 indicate “stationery", the area determining portion-203-2
determines that the designated pixel of frame #n belongs to
the stationary area,-and sets "1", which indicates that the
pixel belongs to the statienary-area, in a statioﬁary—aree

25 determining flag associated with the designated pixel.



10 is set as discussed above to the determ ning-flag-storing frame nenory

204. The determ ning-flag-storing frane nenory 204 thus stores the
uncover ed- background-area determning flag supplied fromthe area
determ ning portion 203-1, the 15 stationary-area determning flag supplied
fromthe area deternining portion 203-2, the novi ng- ardRecmber 23005 ng fl ag
supplied fromthe area determ ning. portion 203-2, and the
cover ed- background-area determning flag supplied fromthe area
determ ning portion 203-3. 20 The determ ning-flag-storing frame nenory 204
supplies the uncovered-background?aﬁéa“deternining flag, the
stationary-area determning flag, the noving-area determning flag, and
t he covered-background-area determning flag stored therein to a
synt hesi zer R0 de 25 Syovdwesimerin)Fgenetriatas @ eapgplfieatoan
indicating to 2 Decenber 2005 - 77 which of the uncovered background area,
t he st athenatytaceary/fibeingvdage anetaingrpéhei coverz2e backigtaiaxd area each
pi xel bel ongs based on the uncovered-background-area determning flag,
t he st athenanyg” aprawdet ethens hgtidmgry fthev iy i degtareandt et er mi ni ng f1 ag,
and the covered-background-area deternmning flag supplied fromthe
deter m YRRl {edgf59®r they fEabbonem/yoPdag delde subplne patis ar €02~
information to a determning-flag-storing frame nenory 206. The
det & mi hi WAL FFake stBPY RO T r akle neher yiobpratbirg portion 203-2
' determines that the designated pixel of frame #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the stationary area,,in'
the stationary—area determining flag associated with the
10 designated pixel.
The area determining portion 203-2 supplies the
stationary-area determining flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame
memory 204.
15 When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
""moving" and when the stationary/moving determination =
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining,portion 203-2
20  determines that the designated pixel of fréme #n belongs to
- the moving area, and sets "1", which indicates .that the
designated pixel belongs to the moving area, in a moving—
area determining flag associated with the désignated pixel.

When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates



10 the area information supplied fromthe synthesizer 205, and also
outputs the area information stored therein. An exanple of the processing
performed by the area specifying unit 103 is described below with
reference to Figs. 21 through 25. 15 Wen the object corresponding to the
foreground is noving, the position of the inage corregfiacdinbgr 2204 he

obj ect on the screen changes in every frane. As showmn in Fig. 21, the
i'mage corresponding to the object located at the position indicated by
Yn(x,y) in frame #n is positioned 20 at Yn+l (x,y) in frame #n+l, which is
subsequent to frame #n. A nodel obtaPned by expanding in the time
direction the pixel values of the pixels aligned side-by-side in the
noving direction of the imge corresponding to the foreground object is

shown i nsEagioRRry Fosr exastp| e iétém&ﬁém@i&@ﬁéﬂﬁmﬁi&he i mage
corresponding to the 2 Decenber 2005 - 7 foreground object 1s horizontal

With respestiéd fhemsei€eantatidienmpdedvsheWie & ding Jd St @drogel - obt ai ned
by expanding in the tine direction the pixel values of the pixels disposed
on a |iheindteaby-Sdetidmaifi'y. 2% ddes |dewednmidiampdincich eqmmlz to the
line in frame On+l. The foreground conponents corresponding to the object
cont ai rdelt¢rmimes sdwondcipd xbs tionatel thixdleent hpineel#:f rdyed hisd ef t in
frame #n are contained in the sixth pixel
5 belong to the moving area, and sets "0", which indicates
that the pixél does not beloﬁg to the moving area, in the
moving-area determining flag_associated with the designated
pixel. |
The area determining portion 203-2 supplies the‘moving—
10 area determining flag in which "1" or "0" is set as
discussed above to the determining~flag—storing frame memory
. 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion.202—3 indicates
15 "moving" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
-4 indicate "stationary", the area determihing portion 203-3
determines that the designated pixel of frame #n belongs to
a covered‘background area, and sets “1*, which indicates
20 that the designated pixel belongs to tﬁe covered background
area, in a covered-background-area determining flag.
associated with the-designated,pixelgr
: When the statiohary/moving-determinatién supplied from
the stationary/moving determining portioh-202—3 indiéates

25 '"stationary"'or when the stationary/moving determination



10 through the seventeenth pixel fromthe left in frame #n+l. In franme #n,
the pixels belonging to the covered background area are the el eventh
through thirteenth pixels fromthe. left, and the pixels belonging to the
uncovered background area are.the second through fourth pixels from5 15
the left. In frame #n+l, the pixels belonging to the cdVersubdratlfr ound
area are the fifteenth through seventeenth pixels fromthe left, and the
pi xel s belonging to the uncovered background area are the sixth through
frame #n+l, the anount of novenent v is 4. The nunber of virtual divided
portions is .4 in accordance with thééamount of novenent v. 25 A
description is now given of a change in pixel values eighth pixels fromthe
left. In the exanple shown in Fig. 22, since the foreground conponents

cont ai NeEph M &d aFFoi N1 & HEVESh DY FrtkF i Y %Rl 1S rinl nd nOE GRIMEHLN2002 - 79  of

t he pixels belonging to the mxed area in the frames ™ before and after a

desi gnat ethdi@d®es ‘lobHig" 23%hd herdd X8 S helongy e ie o eowened background
area in frame #n in which the background is 5 stationary and the anount of

movenendeverminde flortegrouniktd isynacead ihel fdff traemiah #ichidewgh negvent eent h
pi xels fromthe left. Since the ambunt of novement v is 4, the fifteenth
t hr oughbe bavent@entdoarank dakamddrel | efda | mridﬁeepfsev'ioorqs whrigie #n-1
5 indicates that the designated pixel does not belong to a
" covered background area,rin'the covered-background-area
determining flag associated with the designated pixel.
The area determining portion 203-3 supplies the
covered—béckground—area determining flag in which "1" or ®0"
10 1is set as discussed above to the determining-flag-storing
frame memory 204. |
The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag
supplied froﬁ the area determining porﬁion 203-1, the
15 stationarywareé determining flag supplied from the area
determining portion 203-2, the moving;area determining flag
‘supplied from the area determining portion 203-2, and the
covered-background-area determining flag supplied from the
area Qetermining portion 2063-3.
20 The determining—flag;storing frémelmemory 204 supplies
" the uncovered—background—afea determining flag, the
stationary-area determining flag, the moving-area
determining flag, and the éovered—background—area
determining flag stored therein to a Synthesizer 205. The

25 synthesizer 205 generates'area'information indicating to



contain only background conponents and belong to the 10 background area.
The fifteenth through seventeenth pixels fromthe left in frame #n-2,
which is one before frame #n-1, contain only background conponents and

bel ong to the background area. Since the object correégyndiﬁg c@ t he
background is 15 stationary, the pixel value of the fift&SHT %é Rl from
the left in frame #n-1 does not change fromthe pixel value of the
fifteenth pixel fromthe left in frame #n-2. Simlarly, the pixel value of
the sixteenth pixel fromthe left iny;,frame #n-1 does not change fromthe
pi xel value of the 2'0 sixteenth pixel fromthe left in frame #n-2, and the
pi xel value of the seventeenth pixel fromthe left in franme #n-1 does not
change fromthe pi xel value of the seventeenth pixel fromthe left in

Cframe #RCh TGRS URERVeRSRIRAGKITULRE HiRAL dite fatatdopery arma,

correspﬁadin fo the pixels belonging to the covered 2 Decenber 2005 - 80
backgr ouhd I&‘?(‘éjd' 9 PEFANE Bt RO G RRRP IRIah fddad cachmpésedt s, and t he

pi xel val pes thereo

do not change. . Accqrdingly, the absol ute value of the
di f f er encel B ae%e(; tHe %ﬁeifn%‘?%%d*,bft‘gﬂqﬁgp arpy detgrmining :

‘statio NV, 5 determ nation, made far t i xels in franme #n-1 and
frane n§%¥é’8%%?3%%%Eﬁﬁ%ﬁf¥??ﬁﬁﬁa?ﬁgﬁﬁQ§qﬁﬂq;ﬁ}4ﬁjt & FeVi™ed&fea in

frage ﬁi%%;ﬁﬂﬁrﬁj oty gpary{ oyl g det ermi i Rg, ROf4 9N, 202-4 i's
determining flag supplied from the determining-flag-storing.
frame memory 204, and supplies the area information to a
determining-flag-storing frame memory 206. N

The determiningﬂflag—storing frame memory 206 stores

‘10 the area information supplied from the synthesizer 205, and
also outputs the area information stored therein.

An example of the processing performed by the area
specifyipg unit 103 is described below with reference to
Figsw 21 through 25.

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

~Fig. 21, the image corresponding to the object located at
the position indicated by Yn(x,y} in frame #n is positioned

20 at Ynt+l(x,y) in frame #n+1, whicﬁ is subsequent to frame #n.

A model obtained by expanding in the time direction the
pixel values of the pixels aligned side-by-side in the

" moving direction of the image corresponding to the
foreground object is shown in Fig; 22. For example, if the

25 moving direction of the image corresponding te the



Since the pixels belonging to the covered background 10 area in frane #n
contain foreground conponents, the pixel values thereof are different from
those of frame #n-1 consisting of only background conponents. Accordingly,
the stationary/noving determ nation made for the pixels. belonging to the
m xed area in frame #n and the 15 corresponding pixels:%Qeg?ﬁﬁﬁggﬁgl by the
stationary/noving determning portion 202-3 is "noving". Wen the
stationary/ noving determ nation result, indicating "noving" is supplied
fromthe stationary/noving determning portion 202-3, and when the
stationary/ noving 20 determ nati on-redult indicating "statiohary" is
supplied fromthe stationary/noving determ ning portion 202-4, as

di scussed above, the area determ ning. portion 203-3 determ nes that the
correspgdi-agonhyebsihelong herdzeAvgiedi cRackgpaupdegrege 2ar-b8,Fi 9. 24,
in frame #n in which the background is 2 Decenber 2005 - 81 stationary and

the anpuhle abdenverBah Yni Ribhe2bor8gnoMBdel Sobdaihbe BiXeksak@phgi ned in
an uncovered background area are the second through fourth pixels fromthe

‘left. SimceheheimamaurbcefioADvaAEPLxu1i saduekhersesengdikbiough fourth

pixels 5 fromthe left in the subsequent frame #n+l contain only
backgr odndposeponentsland bebengyteitibe background area. In frame #n+2,
whi ch is subsequent to frane #n+l, the second through fourth pixels from
the $eft confmifionl32packgrbime in frame fin is equal to the line

in frame #n+l.

The foreground components corresponding to the object
contained in the second pixel to the thirteerth pixel from
the left in frame #n are contained in the sixth pixel

10 through the seventeenth pixel from the left in frame #n+1;

| In frame #n, the pixels belonging to the covered
background area are .the eleventh through thirtéenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels froﬁ

15 the left. 1In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through
seventeenthApixels from the left; and the pixéls belonging
“to the uncovered background area are the sixth through
eighth pixels from the left.

20 In the example shown ianig; 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"
virtual divided portions is. 4 in accordance with the amount
of.movement v.

25 - A description is now given of a change in pixel values



conmponents and bel ong to the background area. 10 Since the obj ect

corresponding to the background is stationary, the pixel value of the

value of the second pixel fromthe left in frame #n+l., Simlarl

pi xel

value of the third pixel fromthe left in frame 25egamber

-second pixel fromthe Ileft in frame #n+2 does not change fromthe pixel

t he
not

change fromthe pixel value of the third pixel fromthe left.in frane
and the pixel value of the fourth pixel fromthe left in frame #n+2

#n+l |

does not change ,fromthe pixel value of the fourth pixel fromthe |eft

frame #n+l. 20 That is, the pixels“iﬂngane #n+l and franme #n+2
carresponding to the pixels belonging to the uncovered background area in
frame #n consist of only background conponents, and the pixel val ues

t her eof oot het ptheng el Atgiigi gl the thiex@bsotalt e valtee fantdre di fference
bet ween 25 the pixel values is alnost 0. Thus, the stationary/noving 2
Decenbere 2006 an@2af et e mMawmigratarhderdms. t he pixels in frame #n+l
frame #n+2 corresponding to the pixels belonging to the m xed area

frame #n by &rhd ist.atdZondihy/ mivielg defiengimgndgoper ticorred02-1 i s

"stationary".

10

15

20

25

and'

in

5 Since the pixels belonging to the uncovered background
ar ea i nPd¢lkgrecwrd coreai im florasey dunditontporenttss hidwkapioveld viad ues t her eof
are different fromthose of frame #n+

I consi sting of only background
Conﬁoneﬁ?%tlQRﬁﬁﬁ(ﬁﬁﬁﬂ%ﬁet4ﬂ9unt of movement v in the foreground is

4 are the fifteenth through seventeenth pixels from the left.

Since the amount of movement v is 4, the fifteenth through

seventeenth frames from the left in the previous frame #n-1
contain only background components and belong to the
background area. The [ifteenth thfough seﬁenteenth pixels
from the left in frame #n-2, which is one before frame #n-1,
cbntain only background components and belong to the
background area.

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

That is, the pixels in frame #n-1 and frame #n-2

corresponding to the pixels belonging to the covered

in




stationary/ noving determ nati on made for the pixels 10 belonging to the

m xed area in frame #n and the corresponding pixels in frame #n+l by the
stationary/ nmoving determ ning portion 202-2 is "noving". \Wen the
stationary/noving determ nation result indicating "no S l'ied g
fromthe stationary/noving 15 determ ning portlon 202¥££%§Wh Wﬁg t he j
stationary/noving determ nation result indicating "stationary" is supplied :
fromthe stationary/ noving determ ning portion 202-1, as . di scussed above,

the area determning portion 203-1 determ nes that the correspondi ng

pi xel s belong to an 20 uncovered back§round area. Fig. 25 illustrates

determ nation conditions for frane #n nmade by the area specifying unit

103. When the determ nation result for the pixel in frame #n-2 | ocated at

the sanbatkBHCuROSEeON ASE Farkk XBh ddnd{ &8 #od By b AR R aRessed and for

the pixel in frame #n-1 | ocated at the 2 Decenber 2005 - 83 sane position

as the pompdnémts f adved | the pEtal | @NBlYs Bdreshalh the: dalfigd nation result

for the pixel in frame in and the pixel in frame #n-1 |located at the sane

i mage phstérdinghs, tiiee pikxed Lute fvahmke | Of | Shemyi Mk rddie: A@arespeci fyi ng

unit 5 103 determ nes that the pixel in frame in belongs to a covered

backgr oumel Bieal Wered hies delrersii nat i ofhues uthie faratimapiydelovimg rane in

and the pixel in frame #n-1 |located at the sane inmge
5 determination made for the pixels in frame #n-1 and frame

#n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving detérmining portion
202-4 is “stationary".

Since the pixels belonging to the covered background-

10 area in frame #n contain foreground components, the pixel-
values thereof are different from those of frame #n-1
consisting of only background components. Accordiﬁgiy, the
stationary/moving determination made for the pixels |
beldnging to the mixed area in frame #n and the

135 cdrrésponding pixels in frame #n~1 by the sStationary/moving
determining portion 202-3 is "moving".

When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
determining portion 202-3, and when the stationary/moving

20 determination result'indicating “stationary" is supplied
from the stationary/moving determining portion 202—4; as
discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
background area. |

25 - In Fig. 24, in frame #n in which the background is



position as the pixel in frame in is stationary, and when 10 the
determnation result for the pixel in franme in and the pixel in frame #n+l
| ocated at the sanme image position as the pixel in frane in is stationary,
the area specifying unit 103. determnes that the pixel_in frane in

bel ongs to the stationary area. 15 Wen the deterni nagi¥seMasidqlSs or t he
pixel in frame in and the pixel in framne #n-1 | ocated at the sane inmage
position as the pixel in frame in is noving, and when the determ nation
result for the pixel in frane in and the pixel in frame. #n+l |ocated at
the same i mage position as the 20 pi%kl~=in frame in is noving, the area
specifying unit 103 determnes that the pixel in frame in belongs to the
noving area. \Wien the determnation result for the pixel in frane in and.

the pixdladivdamgmerintnd eeahat alr s, SRR WVEGE i BYYIdd@ums ikkhe pi xel
in frame in is noving, and when the 2 Decenber 2005 - 84 determ nation

resul t 4 ortitehgipiedtal dontarianel #nrlad asaieerald Hatgsmd aee pesi tion as
the pixel in frane #n and the pixel in frame #n+2 |ocated at the sane
i mage pdsd tsampnak thiroeighi Melurth foriane #f dosn gthat ileTary, sibecanea speci fyi ng
5 unit 103 determnes that the pixel in frame #n belongs to an uncovered
backgr cmedirdr e, mRvVgsien26A titw dugh-hE6 B dddngs thhatomgix doplreh gfixteie ar ea
determ nation results obtained by the area specifying unit
5 from the left in the subsequent frame #n+l contain only
background components and belong to the background area. In
frame #n+2, which is subsequent to frame #n+1, the second
through fourth pixels from the left contain only background
compdnehts and belong to the background area.

10 Since tﬁe object corresponding to the background is
'stationary, the pixel value of the second pixel from the
left in frame #n+2 does ﬁot change from the ﬁixel value of
the second pixel from the left in frame #n+l. Similarly,
the pixel value of the third pixel from the left in frame

15 #n+2 does not change from the pixel value of the third pixel
from the left in frame #n+l, and the pixel value of the
fourth pixel from the left in frame #n+2 does not change
from the'pixel value of the fourth pixel from the left iﬁ
frame #n+1.

20 That is, the ﬁixéls in frame #n+l and frame #n+2
corresponding to the pixels belonging to the uncovered
background-area in frame #n consist of only background
cdmponents, ahd-the pixel walues thereof do-not change.

Accordingly, the absolute value of the difference between

25 the.pixel values is‘almost-O. Thus, the 'stationary/moving



103. In Fig: 26A, the pixels which are determned to belong 10 to a covefed
background area are indicated in white. In Fig. 26B, the pixels which are
determ ned to belong to an uncovered background area are indicated in

white. In Fig. 26C, the pixels which are determ ned to-bgLangerdoBsa noving
area are indicated in white. In Fig. 26D, the 15 pixels which are

determ ned to belong to a stationary area are indicated in white. Fig. 27
illustrates the area information indicating the mxed area, in the form of
an imge, selected fromthe area 'information output fromthe

determning-flag-storing frame 20 nenory 206. In Fig. 27, the pixels which
are determned to belong to the covered background area or the uncovered
background area, i.e., the pixels which are determ ned to. belong to the
m xed afeieraieatidincardg ifprwiiheepi¥hésaisafrantomati andi Adamating t he

m xed area output. fromthe 25 determ ning-flag-storing frame nenory 206
desi gnat8d2t RETZ<pPEBABEL 2005he BixehExbdlansangntot hbepoikednsrhavi ng a
texture surrounded by the portions without a texture in the foreground
area. Th& §F€§es§8cPVyFH§ pr8&és8prRY/ Peripgndateyminénar partipeci fyi ng unit
103 is ﬁigﬁibed"belom/mjth"reference tothe 5 flowchart of Fig. 28. In
step 52017 thé®f r SBLABRBFY 201 obtains an i mage of frame #n-2 through

fra #n+2 i ncl udi fra #n._ I n step 5202, the stationary/novin
det ef ni ni ng %%?%?0 e plxéEg.belonglngr%o the uncovered bacggroundg

~area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n+l
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
10 belonging to the mixed area in frame #n and the
corresponding pixels in frame #n+l by the stationary/moving
determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moviﬁg
.15 dgtermining poftion 202-2, and when the sﬁationary/moving
determination result indicating "stationary" is supplied
from the stationary/mbving determining portion 202-1, as
~ discussed above, the area determining portion 203;1
determines that the corresponding pixels belong to an
20 uncovered backgfodnd area.
Fig. 25 illustrates determination‘conditions for frame
#n made by the area specifying unit 103. When the-
determinatiqn result for the pixel in frame #n—éllocéted at
the same image position as a pixel in frame #n to be

25 | processed and for the pixel in frame #n-1 located at the



202- 3 determ nes whether the determ nation result for the 10 pixel in
frame #n-1 and the pixel in frame #n | ocated at the sanme position is
stationary. If it is determned that the determnation result is
stationary, the process proceeds to step 5203 in mhicg t he
stationary/ movi ng determining portion 202-2 deterni ne$PRAFPRE2YRe
determ nation result for the 15 pixel in franme #n and the pixel in frane
#n+l |located at the sanme position is stationary. If it is determned in.
step 5203 that the determnation result for the pixel in frame #n and the
pi xel in frame #n+l |located at the 83ne position is stationary, the

. process 20 proceeds to step 5204. In step 5204, the area determ ning
portion 203-2 sets "1", which indicates that the pixel to be processed

bel ongss 4 {8 SE A5 Oe[barﬂh@f;?ﬁqel N 4 Ner SEALEPONAL Vst A @ A8f ETIHLNI ng Tl ag
associated with the pixel to be processed. The area determi'ning portion

203-2 sy i @fe tdte dwi s @ld PN B e detied np g fl ad-dn® e and
determning-flag 2 Decenber 2005 - 86 storing frame nenory 204, and the

processcHy gepests 10 st S5R05. Idcd ted Sadleties néH s inhgd 50 hat the
determnation result for the pixel in frame #n-1 and the pixel in frame #n

| ocat echsaittHdnepisedte POSHddnen #15 MDGgin®) tHe idrds Geicragined dmitstep 5203
that the determnation result for the pixel in frame #n and the pixel in
- frafe # dooatrethed tidie ﬁamspnpasl tlmrtfzrasnc-fm ngeldoys piked to be
processed does
covered background area.
When the determination result for the pixel in frame #n
‘and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n is stationary, and when
1¢ the determination result for the piXel,in-frame #in and the
piXel in frame #n+l1 located at the same image pésition as
the pixel in frame #n 1is stationary,.the area specifying
unit 103 determines that the pixel in ffame #n belongs to
the stationary area.
15 "When the determination result for_thé,pixel in frame #n
~and the pixel in frame #n-1 located at the same image
ﬁosition'as the pixel inrframe'#n-;s moVihQﬂ and when the
:determination result for the pixel in frame #n an& the pixel
in frame #n+l located at the same image position as the
20 pixel in ffame #n is moving, the aréa specifying unit 103
determines that the pixel in frame #n belongs to the moving
area,
When the determination result for the pixel in frame #n

and. the pixel in frame #n+l located at the same image

25 position as the pixel in frame #n is moving, and when the




. located at the 15 sanme position is noving. If it is d

not belong to a stationary area. Accordingly, the 10 processing of step
5204 is skipped, and the process proceeds to step 5205 In step 5205, the
stationary/ noving determining portion 202-3 determ nes whether the
determnation result for the pixel in frame #n-1 and %B%c@dnéeﬁlz[dﬁg frame #n
et erni ne at the
determnation result is noving, the process proceeds to step 5206 in which
the stationary/ noving determ ning portion 202- 2 deterni nes whether the
determ nation result for the pixel _n'gq frame #n and the pixel in frame.#n+l
| ocated at the same 20 position is ving. If it is determned in step S206
that the determnation result for the pixel in franme #n and the pixel in
frame #n+l located at the same position is noving, the process proceeds
to stepdsperminatiorpréot féwe thea ietkrim nfrappoftibnl@s268-2t sets "1,
whi ch indicates that the pixel to be 2 Decenber 2005 - 87 processed
bel ongst?® D vitRgarkesit¥en s nove gl 2ebaln detameri #i rend | @lge associ at ed
with the, pixel to be processed. The area determning area 203-2. supplies
the novPHEEhrEa fertriid nPga Ry tat tHee deaee MRAgR)-BOBEtSemrasg frame 5

nmenory 204, and thedg ocess proceeds to step 5208. If it is determined in

step S2B%° tREFST h? dEtdT Hartor rEstita¥hr e 7Sl SReckFakRg #n- 1 and the
pi X%l Il?nilf.{% ié‘éte!:rorr?ﬁ;[eesd taf;[a’é h&gapnfngsié igxnaniles %Prgagéloonr?g;g’toorarif Itis
uncovered background area. |

Figs. 26A through 26D illustrate examples of the area
determination results obtained by the area spedifying unit
103. In Fig. 263, thé pixels which are determined to belong

10 to a covered background area are indicated in white. 1In Fig.
26B, the pixéls which are determined to belong to an
uncovered background area are indicated in white.

In Fig. 26C, the pixels which are determined to belong
to a moving area are indicated in white. In Fig. 26D, the

15 . pixels which_are-determined to belong to a stationary area
are-indicated in white.

Fig. 27 illustrates the area information indicéting the
mixed area, in the form of an image, seleéted from the area
information oﬁtput from the determining—flag—storing frame

20 memory-206. In Fig. 27, the pixels which are determined to
- belong to.the covered background area or the uncovered
baékground area, i.e:, the pixels ﬁhich_are determined to.
bélong to the mixed-area, are.indicated in.white. The area
information indicating the mixed area output from the

25 determining—flag-storing frame memory 206 designates the



determned in step 5206 that the determination result for 10 the pi xel in
frame in and the pixel in frame #n+l |located at the sane position is
stationary, the pixel in frame in does not belong to a noving area.
Accordi ngly, the processing of step 5207 is skipped, amkckheePPodsess
proceeds to step 5208. In step 5208, the stationary/ noving determ ning
portion 1 15 202-4 determ nes whether the determnation result for the 20
pi xel in frame #n-2 and the pixel in frane #n-1 |l ocated at the. sane
position is stationary. If it is dgtggnined'that the determ nation result
I's stationary, the process proceeds 10 step portion .for the located If
5209 in which the stationary/ noving determ ning 202-3 determ nes whet her
the determ nation result pixel in frame #n-1 and the pixel in frame in at
it res@X9HrRAR |pchttéd @ontiensarapor t9 dedtsirmsmgrosladetar ni ned in
step S209 that the determ nation

the portions without a texture in the foreground area.

The area specifying processing performed by the area

specifying unit 103 is described below with reference to the
5 flowchart of Fig. 28. 1In step S201, the frame memory 201
obtains an image of frame #n-2 through frame #n+2 including
" frame #n.

In step S202, the stationary/moving determining portion

202~3 determines whether the determination result for the

10  pixel in frame #n-1 and the pixel in frame #n located at the

_ same'position is stationary. If it is determined that the

determination result is stationary, the process proceeds to
step 5203 in which the stationary/moving determining portion
202-2 determines whether the determination result for the

15 pixel in frame #n and the pixel in frame #n+l located at the
same position is stationary.

If it is determined in step 5203 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is stationary, the process

20 proceéds to step $S204. In step 5204, the area determining
: portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, in the statilonary-
area determining flag associated with the pixel to be

processed. The area determining portion 203-2 supplies the

 2§ stationary-area determining flag to the determining-flag-



the pixel in frame #n-1 and the pixel in frame in the sane position is
novi ng, the process proceeds 2 Decenber 2005 - 88 to step S210. In step
S210, the area determ ning portion 203-3 sets "1", which indicates that
the pixel to be processed belongs to a covered backgrgﬂpd atr)egZ %n t he
cover ed- background- area deternining flag associ ated wi £ ReFHBPE0PPyel (0 be
processed. The area determ ning portion 203-3 supplies the

cover ed- background-area determning flag to the determ ning-flag-storing
frame nenory 204, and the process proceeds to step S211. If it is
determined in step S208 that the det@bnirnation 10 result for the pixel in
frame #n-2 and the pixel in frame #n-1 |located at the sane position.is
noving, or if it is determned in step S209 that the pixel in frame #n-1

and thestpkxgy FRahé amEndry | Heat %@%ﬁ@%é@é@sQ?ﬁéé@éﬁé Scstatdpnary, the
pi xel in frame #n does not” belong to a covered 15 background area.

Accor di gghy, the processing of step 5210 is -skipped, and the process
proceeds to step S211 In step 5211, the stationary/noving determ ning
portion 2.02r 2 Weterdemasniwhe! her sithe detoer mmal iR ReHdrmilheritdhe pi xel

“in frame #n and the pixel in frane, #n+l | ocated at the 20 same position is
. nmovi ng- reéfuit ferdeaierpixed im Stape S tded tihe gieter Mimatdame rigsul t i s
novi ng, the process proceeds to step S212 in which the stationary/noving
det & m hoogteodrat oth@(Pane deterimaresisvieihieng f her if it is
determined in step 5203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position.is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
10 processing of step $204 is skipped, and the process proceeds
to step S205. -
In step $205, the stationary/moving determining portion
202-3 deﬁermines whether the determination result for the
pixel in framel#n—l and thé pixel in.frame #n located at the
15 same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
S206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel ih frame.#n+i located at the same
20 rposition is moving.
If it is determined in step $206 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is mpving, the process proceeds

to step S207. 1In step $207, the area determining portion

25 203-2 sets "1", which indicates that the pixél to be




determnation result for the pixel in frane #n+l and the 25 pixel in frane
#n+2 | ocated at the sane position is 2 Decenber 2005 - 89 stationary. |If
it is determned in step S212 that the determ nation result for the pixel
in frame #n+l and the pixel in frame #n+2 |located at P hecSmpe ARSI tion is
stationary, the process 5 proceeds to step S213. In step S213, the area
determ ning portion 203-1 sets "1", which indicates that the pixel to be
processed bel ongs to an uncovered background area, in the
uncover ed- background- area deterni ning,flag associated with the pixel to be
processed. The area determ ning portron 10 203-1 supplies the
uncover ed- background-flag determining flag to the determ ning-flag-storing
frame nmenory 204, and the process proceeds to step 5214_ If it is
det er MM ¢Fed P BIES thata Y e @Feaat Porthe gsering-oirede pixel in
frame #n and the pixel in frame #n+l 15 | ocated at the same position is
st at i oS {ETRIRERT i §13% ARG IR TR THRtERe imek et hherrREeFFRPat i on
result for the igel in frame #n+({ﬁ1and the pixel in frame #n+2 i s noving,
the pixel® it SPIFHEY fteDhed by 1R 18 VR iy HEEIQERund ar ea.
Accor di nhgl fhe processing.of 2'0 step 5213 is skipped,_ and the process
procee s%%r%ﬁ%lﬁlg £9 1_TChgcﬂee TR A ]e%g"si)%%’lp]f'}ﬁ nfgamft 103
det er mi, m,per t reas of all_.the pixels .in. #n are
‘speci fi om0 eng T B IR P R S 2 T Ig%@e'
If it is determined in step S205 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or.if it is
determined in step 5206 that the determination result for
10 the pixel in frame #n and the pixel in frame #n+l located at
the same position is stationary, the pixel in frame #n does
not belong to a mqving area. Accordingly, the processing of
step 5207 is skipped, and the process pfoceeds to step S208.
In step 5208, the stationary/moving determining portion
|
15 202-4 determines whether the determination result for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
the same position is stationary. If it is determined that
the determination result is stationary, the process proceeds
to step 5209 in which the stationary/moving determining
20 'pcrtion 202-3 determines whether the determination result.
for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving.
If it is determined in step S$209 that the determination

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

25 located at the same position is moving, the process proceeds



pixels in frame #n are not. yet specified, the process 25 returns to step

5202, and the area specifying processing is 2 Decenber 2005 - 90 repeated
for the remaining pixels. If it is determned in step S214 that the areas
of all the pixels in frane #n are. specified, the process proceeds to
step 5215. In step 5215, the synthesizer 205 gener at es? Beggrekeri2@Por nat i on
i ndicating the m xed area based on the uncovered-background-area
deternmning flag and the covered- background-area deternmining flag stored
in the determning flag-storing frame nenory 204, and al so generates area
informati on indicating to which of -t#8 uncovered background 10 area, the
stationary area, the noving area, or the covered background area each

pi xel belongs, and sets the generated area information in the

determ pingef), ags §§ O7 i RY {£8TEs2 TR e 2060 HB PHACETY Mb S dden

conpl eted. As di scussed above, the area, specifying unit 103 is 15 capable -

of genep@tings@reaninf apBtn Ofhd el €8 i gk ¢ anehigake10fed B nMoVing area, the
stationary area, the uncovered background area, or the covered background

area eagho@ésiBe bdiKeds €ONM abdtskdd phdi@ukelongs. ithery ea specifying
unit 103 may apply logical ORto 20 the area information corresponding to
‘t he unceyesedd-BackgrOundl-af €8 @itk tnien Bte af liaf erstaidiGitRDWigIpand ng to
t he covered background area so as to generate area information
cor esppihge hgtd do¢ heroteetedr eaThamdrdahedetraynining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceéds to step S211.
If it is determined in step S208 that the determination
.10 résult for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same poéition is moving, or if it is
~determined in step 5209 that the pixel in frame #n—-1 and the
pixel in frame #n located at the same position is stationary,
the pixel in frame #n does not belong to a covéfed
15 béckground area. Accordingly, the processing of step SZlQ
| is skipped, and the process proceeds to step S5211.
In step 5211, the stationary/moving determining portion
202-2 determines whether thé détermination result for tﬁe
pixel in frame #n and the pixel in frame #n+l located at the
20 same position is moving. If it is determined in step 5211
that the determination result is moving, the process
proceeds to step S212 in which the stationary/moving .
determining portion 202-1 determines whether the

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

‘25 pixel in frame #n+2 located at the same position is



generate area information consisting of flags indicating to 25 which of the
noving area, .the stationary area, or the m xed 2 Decenber 2005 - 91 area
t he individual 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. 5 %ﬁ@cﬁFE%7¥@gcifying
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 statignary area as the area information

i ndi cating the background area. 10_Tﬁ§ enbodi nent has been descri bed,
assunm ng that the object corresponding to the background is stationary.
However, the above-described area specifying processing can be applied
even i fstheiomage. corresponding to the background area contains notion.

For exanple, -if the image 15 corresponding to the background area is

uni formy nodM rig; ist ke tanee nspedinf Eiep @HLZ2 10 tsHiHd ddtarndyertdldn | mage in
accordance with this notion, and performs processing in a rmanner simlar
to the Easelt nfowmi e tiWexobj et foame ebpohdimy the piheebaikgfoams is '
stationary. If the image corresponding 2'0 to the background area contains
| ocal | y#!mY% f R Enictott o samr Reehtspecid y§ it ienary 03the | moteedhe pixel s

corresponding . to the notions, and executes the above- described processing.
5 proceeds to step S213. 1In step S213, the area determining

portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
uncoyered—background—area determining flag associated with
the pixel to be processed. The area determining portion
10 203-1 supplies the uncovered-background-flag determining
flag to the determining—flag¥storing frame memory 204;'and
the process proceeds to step75214;
If it is determined in step 8211 that the determinatioﬂ
result for the pixel in frame #n and the pixel in frame #n+l
15 located at thé same position is stationary, or if it is
determined in step 5212‘that the determination result for
the pixel in frame #n+l1 and the pixel in_frame‘#n+2 is
moving, the pixel in frame #n does not belong to an
uncovered background area. Accordingly, the processing of
20 step $213 is skipped, and the process proceeds to sfep 5214.
In step §214, the area specifying ﬁnit 103 determines
whether the areas of all the pixels in frame #n are
specified. If it is determined that the aréas of all the
pixels in frame #n are not yet specified, . the brocess

25 retqrns to step 5202, and the area specifying processing is



Fig. 29 is a block diagramillustrating another exanple 25 of the

configuration of the area.

object 5 inmage extracting portion 302. The background i nage

background object contained in the in@ut i'mage, and generates the
I

background i mage. An exanple of a frod
10 direction the pixel values of pixels aligned side-by-side in
direction of an imge corresponding to a foreground object is shown in
Fi g. 30repeataxafmt e;hd frdueinimyipigkeadia.ecti on of the inmage correspondi ng

to the
nodel

of pixels disposed side-by-side on a single
Fi g. 30the Heix¢lre im frame #n dx= tdrecidneds the pddasssi procagds#n- 1 and:

foreground object is.horizontal with respect to the screen,

shown I ifj g.s S@tiesmdnrodéln slieai $edbyhexpandi ageathefpaXel
line in the tine domain.

the line in framne #n+l. 20 In frame #n, the foreground conponents

cor r espEhdi P t21 T he Iobjeeapr dhithi rfde isvitthessizerh 209 gegkerasesnt eent h
pixels fromthe left are contained in the second through thirteenth pixels

from t RFFRMANIIFIFERD AR Gifd ner dhe &9 %shtedgiafedased on the

10

15

20

25

uncovered;béckground—area determining flag and the covered-
background*area‘determining flag stored in the determining-
flag—storing frame memory 204, and also generates area
inﬁormation indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated
area information in the determining-flag-storing frame
memory 206. The processing is then completed.

As discussed above, tﬁe area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covéred'background area each of the
pixels contained in a frame belongs.

The area specifying unit 103 may apply logical OR to
the area information Corresponding to the uncovered
background area and the area information corresponding to
the covered baékground area so as to generate area
information corresponding to the mixed area; and then may
generate area information consisting of flags indicating to

Which of the moving area, the stationary area, or the mixed

speci fying unit 103. The 2 Decenber 2005 -
area specifying unit 103 shown in Fig. 29 does not use a - notion vector.
background i mage generator 301 generates a background,i e co

to an input imge, and supplies the generated backgro&ﬁgggﬁﬁﬁﬁﬁé
bi nary-
generator 301 extracts, for exanple, an imge object corresponding to a

espondi ng

“obtained by expanding in the tine
t he novi ng



the tenth through twenty-first pixel fronthe left in frame 25 #n+l. 2
Decenber 2005 - 93 1In frame #n-1, the pixels belonging to the covered
background area are the el eventh through thirteenth pixels fromthe left,
and the pixels belonging to the uncovered background area are the second
through fourth pixels fromb5 the left. In frame #n, th&Dgcsmwber 288bonging to
the covered background area are the fifteenth through seventeenth pixels
fromthe left, and the pixels belonging to the uncovered background area
are the sixth through eighth pixels fromthe left. In frame #n+l, the

pi xel s belonging to the covered 10—-batkground area are the nineteenth
“through twenty-first pixels fromthe left, and the pixels belonging to the
uncovered background area are the tenth through pixels fron1the left.

tviel £ hadga Feigimes il dsaddie pixels delongldg 40 the Ough i LS area are

the first pixel fromthe left, and the ourteent y-first

pi xel s fromghe lefd oﬂj@d&r%%%f%%pdﬂaidﬁ)gg %h@engngguha tRe Background
area are through fifth pixels fromthe lTeft, and thé through twenty-first

pi xel s teomtde tief tardd e piveals el ongiNa & e RAGHAURA @fea
through ninth plxels fromthe left.

moving area more precisely.

5 The area specifying'unit 103 is able to cutput the area
information indicating the moving area as the area
information indicating the foreground area, and outputs the
area information indiéating the stationary area as the area
information indicating the background area.

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

15 Corresponding-to the background area is uniformly moving,
the area specifying unit 103 shifts the overall image in

_accordance with this motioﬁ, and performs processing in a
manner similar to the case in which the object Correspondiﬁg
to the background 1s stationary. If the image correspondiﬁg

20 to the background area contains locally.different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
described processing.

Fig. 29 is a block diagram illustrating another éxample

25 of the configuration of the area .specifying unit 103. The



the first eighteenth In frame #n+l, are the first An exanple of the
background i mage corresponding to the exanple shown in Fig. 30 generated by
t he background i mage generator 301 is. shown in Fig. 31. The background

i mge 25 consists of the pixels corresponding to the b@qﬁgkﬂﬂﬂpz&xpecenber
2005 - 94 object, and does not contain image conponents corresponding to
the foreground object. The binary-object-inmage extracting portion 302
generates a binary object inage based on the correlation 5 between the
background i mage and the input inmageqg,and supplies the generated binary
object imge to a tinme change detector 303. Fig. 32 is a block diagram
illustrating the configuration of the binary-object-inmge extracting
portion 10 302. A correlation-value calculator 321 cal cul ates the

correl afF6/ BREGREWiIRGeubAtk§Pounbovnage Bippl 22dddéewmaeheusdarkgr ound

i mage generator 301 and_ the input inmage so as to generate a correlation.
val ue, BR&LSBpPPFFEeTt hehgeRekarednd cbinas 9eppra a0 te38d gerewattdla- val ue

processpr ?22. 15 The correl ati on-val ue cal cul ator_ 321 applies equation
(4) to, PPErIERERPI FPa8R S PRERGPORAYTY nhig e B | BARET hiid9)y, »end

supplies the generated background image to a binary-object=-
5 image extracting portion 302. The background image
generator 301 extracts, for example, an'image object
corresponding to a background object contained in the input
image, and generates the background image. |
An example of a model obtained by expanding in the time

10 direction the pixel values of pixels aligned side-by-side in
the moving direction of an image corresponding to a
foreground object is shown in Fig. 30. For example, if the
moving direction of the image corresponding to fhe
foreground object islhoriéontal with respect to the screen,

15 the model shown in Fig. 30 is a model obtained by expanding
" the pixel values of pixels disposed side-by-side on a single
line in the time domain.

In Fig. 30,:the line in frame #n is thé same as the
line in frame #n-1 and the line in frame #n+1.

20 : In frame #n, the foreground components corresponding to
the object containeq-in thé sixth through seventeenth pixels
from the left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are élso contained in
the tenth fhrough twenty-first pixel from the left in frame

25 #n+l.



at the center, as shown in Fig. 33A, and to, for exanple, 3x3-background

I mge bl ocks having Y4 at the center which corresponds to the background

i mage bl ocks, as shown in Fig. 2'0 33B, thereby calculating a correlation
val ue corresponding to Y4 8 s ( Xi -X)E (Yi -Y) Correlation value =1i=0
=0 (4) 828 2 X(Xi-X) .>mY) 1=0 i=0 2 Decenber 2005Dec@Bber¥0859 (5) ()
The correl ation-value cal cul ator 321 supplies the. correlation val ue

calcul ated for each pixel as discussed above to the threshol d-val ue
processor 322. Alternatively, the correlation-value cal culator 321 may
apply equation (7) to, for exanpl e; 8%3=background i mage blocks having X4.
at the center, as shown in Fig. 34A, and to, for exanple, 3x3-background

i mage bl ocks having Y4 at the center which corresponds to the background

i mage bl ocksin asradiopn-i N i pi3dBs el plieilatd Ny ddiegsum of

absolute values of differences corresponding to Y4
background area are the eleventh through thirteenth pixels
from the léft,-and the pixels belonging to the uncovered
background area are the second through'fourth pixels from

5 the left.r Iniframe #n, the pixels belonging to thercovered
background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the unéovered
background area are the sixth through eighth pixels frbm'the
left. In frame #n+1l, the pixels belonging to the covered
10 background area are the nineteenth through twenty-first

pixels from the left, and the pixels belonging to the
.uncovered baékground area are the tenth through twelfth

pixels from the left.

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

I5 -area are the first pixel from the left, and the fourteenth
through twenty-first pixels from the left. In frame #n, the
pixels belonging to the background area are the first

through'fifth pixels from the left, and the eighteenth

through twenty-first pixels from the left. In frame #n+1,
20  the pixels belonging to the background area are the Ffirst
 through ninth pixels from the left.
Aﬁ example of the background imagé corresponding to the
example shown in Fig. 30 generated by the background image
generator 301 is shown in Fig. 313 The background image

25 consists of the pixels corfesponding_to the background



8 Sum of absolute values of differences = 21 I(XiYi)l (7) i=0 The
correl ation-val ue cal cul ator 321 supplies the sum 15 of the absolute
val ues of the differences cal cul ated as descri bed above to the
t hreshol d- val ue processor 322 as the correlation val ue.peEBgiber 2005
- threshol d-val ue processor 322. conpares the pixel value of the correl ation
image with a threshold thO If the 20 correlation value is smaller than or
equal to the threshold thO 1 is set in the pixel value of the binary
obj ect inmage. 2 Decenber 2005 - 96 . If, the correlation value is greater
‘than the threshold thOQ, 0 is set in the pixel value of the binary object
i mge. The threshol d-val ue processor 322 then outputs the binary object
i mge whose pixel value is set to 0 or 1. The threshold 5 val ue processor
322 may °SP6FE 1t RBYt APEENBPY  ERABERABY AMAYEN CORBPRAEES BPrREGPAREIRHe
t hreshol d %Eg i_.nput frog1ag.external source. Fig. 35 illustrates the
bi nary ofj T aG8 7 LB 8EPSHREI ng to the nodel of the input image shown in
Fig. 10 30. t he_ bi nar ogiect image, O is set in the pixel values of
the pi xel 5 N oSy GReTo COrFEASE | SRELR T hL PR Oy hd | mage. Fig. 36
is a bl g§ ggg am {blustraiing, tk copnfigurati of the tjnme change
detectog 8 . %%en & gﬁﬁegt Qﬁage Bas H on gge correlaLlon
5 between the background image and the input image, and
supplies the generated binary object image to a time change
- detector 303.
Fig. 32 is a block diagram illustrating the
configuration of the binary-object-image extracting portion
10 302. A correlation-value calculator 321 calculates the
correlation between the background image supplied from the
background image generator 301 and the input image s0 as to
generate a correlation.value, and supplies the generated
correlation value to & threshold-value processor. 322.
15 The correlation-value calculator 321 applies equation
(4} to, for example,. 3x3-background image blocks having Xy
at the center, as shown in Fig. 33A, and to, for example,
3x3-background image blocks having Y, at the center which
corresponds to the background image blocks, as shown in Fig.
20 33B, - thereby calculating a correlation value corresponding
Cto Y,.
8 . __. 8 . —
S(Xi-X)>(Yi-Y)
Correlation value = =9 i=0 - 4
3 z > (4)
IS(Xi-X) «>(Yi-Y)
i=0 i=0




15 deterninihg the area of a pixel in frame #n, a franme nenory 341 stores
a binary object. image of frame #n-1, franme #n, and frane #n+l1 supplied
fromthe binary-object-inmge extracting portion 302. An area determ ning

portion 342 determ nes the area of 20 each pixel of f} #n b d on the
bi nary object image of frane #n-1, frame #n, and franéﬁgﬁimg?3ﬁ® to
generate area information, and outputs the generated area information.

Fig. 37 illustrates the determ nations nade. by the area determ ning
portion 342. \When the designated pixel of the 25 binary object inmage in
frame #n is 0, the area determ ning %3 Decenber 2005 - 97 portion 342
determ nes that the designated pixel in franme #n belongs to the background
area. \Wen the designated pixel of the binary object image in frame #n is
1, and when_t he correspondi ng pi xel of the 5 binary object image in frane
#n-1 is 1, édeMhen the corresponding pixel of the binary object inmage in
frame #p+l i=ps 1, the area determ ning portion 342 deternines thﬁ} t he
designated pixel in frame #n belongs to the foreground area. WhéR’ t he

desi gnat ed pi xel of the binary object imge in 10 frane #n is 1, and when
t he correspgndi ng pixel of the binary object irmage in frame #n-1 is 0, the
area deternipiYdg portion 342 determines that the designated pixel in franme
#n  belpngsi=te-a covered background area. Wen the designated pixgl of the
bi nary object? i mage in

The correlation—value caleulator 321 supplies the
correlation value calculated for each pixel as discussed
5 above to the threshold-value processor 322. |
Alternatively, the correlation-value calculator 321 may
apply equation (7) to, for example, 3x3~background image
blocks haviﬁg X4 at the center, as shown in Fig. 34A, and to,
for example, 3x3-background image blocks having Y, at the
10 center which eorresponds to the background image blocks, as
shown in Fig. 34B, thereby calculating the sum of absolute

values of differences corresponding to Y,.-

- | .
Sum of absolute values of differences = EEIOG.— Yﬂl (7)

i=Q

Tﬁe eorrelation—vaiue calculator 321 supplies the sum
15 of the absolute values of the differences calculated as
| described above to the threshold-value processor 322 as the
correlation value..
The threshold-value processor 322 compares the pixel
value of the correlation image with a-thresﬁold th0. If the.
20 correlation value is smaller than or equal te the threshold

th0, 1 is set in the pixel value of the binary object image.



15 frame #n is 1, and when the correspondi ng pi xel of the binary object

image in frane #n+l is 0, the area determning portion 342 determ nes that

t he designated pixel in frame #n belongs to an uncovered background area.

Fig. 38 illustrates an exanple of the determ nations 2@eaB8Bein005he tine

change detector 303 on the binary object inage corresponding to the nodel

of the input image shown in Fig. 30. The time change detector 303.

determ nes that the first through fifth pixels fromthe left in frame #n

bel ong - to the background area sincegihe corresponding pixels of the 25

bi nary object image in frame #n are 8. 2 Decenber2005 - 98 The tinme change

detector 303 determnes that the sixth through ninth pixels fromthe |eft

belong to the uncovered background area since the pixels of the binary

obj ect FhufRee For¥ehielom wrbua, landreqberorhas pdmli tyrgpilxeld D frame 5

#n+l are 0. The tinme change detector 303 determines that the tenth through

t hi rt eeht b8 pPREISP fEnRHee] ef2lpe| ohgthe bheary oetpoundnagea Sihrce the

pi xel s of t qﬁginar object image _in frane #n are 1, the corresponding

pi xel s %ﬁr?? dﬁ%@f{ue BOqSSSii the PR paitihg-l Kelmaty ghiaRt #n+l are

1. The tine qﬁgq?e dehﬁftorlSOS,deternine that the faqurteenth through
@S BT tFE 1ert® befon® 1§ % e coVs dehmirbund area

sevent eJéIP]?({IIe 0]
igp%gsgﬁ]dllﬁ)%éﬂécggsép%Zflnrlla?iF ysé)gli:gcéhé nagreeghnofc{ acr{jFO #t%eageeinl’i-nand the
advance, or may use the threshold th0 input from an extérnal
source.
Fig. 35 illustrates the.binary object image
corresponding to the model of the input image shown in Fig.
10 30. In the binary object image, 0 is set in the pixel’
values of the pixels having a higher correlation with the
background image.
Fig. 36 is a block diagram illustrating tﬁe
configuration of the time change detector 303. When
.15 determining the area of a pixel‘in frame #n, a frame memory
341 stores a binary object image of frame #n-1, frame #n,
. and frame #n+l supplied from the binary-object-image
exfracting portion 302.
An area determining portion 342 determines the area of
20  each pixel of frame #n based on the binary object image of
frame #n-1, fraﬁe #n, and frame #n+l so as to generate area
information, and outputs the generated area information.
Fig. 37 illustrates the determinations made by the area
determining portion 342. When the designated pixel of the

25 binary object image in frame #n is 0, the area determining



pixels in frame #n-1 are 0. The tine change detector 303 determ nes that
the eighteenth through twenty-first pixels fromthe |eft belong to the
background area since the corresponding pi xels, of the binary object inmge
in frame #n are 0. The area specifying processing perfar area
specifying unit 103 is described below with reference ?éﬂ%ﬁgegﬁ?gﬁkhart of
Fig. 39. In step S301, the background i nage generator 301 of the area
specifying unit 103 extracts, for exanple, an inage object correspondi ng
to.a background 25 object contained in an input imge based on the input

i mge 2 Decenber 2005 - 99 so as fogﬁeﬁerate a background i nmage, and
supplies the generated background image to the binary-object-imge
extracting portion 302. In step S302, the binary-object-inmge extracting 5
por ti onp@oRimal 344 adeisemmioss etivd & orhey alarel dred weepihel i Nputrandrage and t he
background i mage supplied fromthe background inmage generator 301

accor diimglemgys ftor Ehanp ckgoalhodllatdaon di scussed with reference to Figs.
33A and 33B. In step S303, the binary-object-inage extracting portion 302
conput es a Xhebi rtdwey delsiiamt tiedagd xedomit Hdec drimelrat iobn eval veaaed inhe
threshold thO by, for exanple, conparing the correlation value with the

t hr eshof SR AR |6 shemisBodien Hehe |gar narpyel det avitxel 308 theecut es t he

area determ ning processing, and the processing is conpl eted.
binary object image in frame #n-1 is 1, and when the

corresponding pixel of the binary object image'in frame #n+1
is 1, the area determining portion 342 determines that the
designated pixel in frame #n'belongs to the foreground afea.
When the designated pixel of the binary object image in
10 frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to a covered background area.
When the deeignated pixel of the binary object image in
15 frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n+l is 0, the area determining
portion 342 determines that the designafed pixel in frame #n
belongs to an uncovered background area. |
Fig. 38 illustrates an example of the determinations
20 made by the time change detectér.303 on the bipary objeet
image corresponding to the model of the input image shown in
Fig. 30. The time change detector 303_dete;mines that the
first through fifth pixels from the left in frame #n belong
to the background area since the corfesponding pixels of the

25 Dbinary object image in frame #n are 0.



15 Details of the area determ ning processing in step S304 are descri bed
below with reference to the flowhart of Fig.. 40. In step 5321, the area
determ ning portion 342 of the tine change detector 303 determnm nes whet her

the designated pixel in franme #n stored in the frane gggg Bhokes 0. I f
20 it is determned that the designated pixel in frame #n %%bgﬁ&m?he

process proceeds to step S322. In step 5322, it is determned that the
designated pixel in frane #n belongs to the background area, and the
processing is conpleted. If it is deEﬁ{nined in step 5321 that the

designated 25 pixel in frame #n is 1,”%the process proceeds to step 5323. 2

Decenber 2005 - 100 In step 5323, the area determ ning portion 342 of the.
time change detector 303 determ nes whether the designated pixel in frame
#n stored i nThd¢etimanchaepergeBddteos 103 adetabheiies thdre twor reispdndi ng
pixel in frame #n-1 is 0. If it is 5 determ ned that the designated pixel
in franth#aupl niphl pikelsofrespbhdi hgfpi kelong foahke#umdoverdd t he
process_ proceeds to step 5324. In step 5324, it is determined that the
desi gnaPaAkBrRBrdi Arepamengn bbfongsels phethevbirdrybokkeebubdaaeea, and
the processing ig conpleted. 10 If it is determned in step 5323 that the
desi gna%%dfrﬁgﬁegni ATEr AnedBR FReocoBFefRARILAG RoTPES pbhdIFRY™Pi xel in
fraqp #E-} is 1, the process proceeds to step 5325. In step 5325, the area
det &t mi BFAY PbFtPon 342 of the time change detector 303 determ nes whet her

the deSIQhaLf§LF%i%2 éﬁgnge detector 303 determines that the tenth

through thirteenth pixels from the left belong to the

foreground area since the pixels of the binary object image

in frame #n are 1, the corresponding pixels in frame #n-1
10 are 1, and the corresponding pixels in frame #n%l are 1.

The time change detector 303 determines that the
fourteenth through seventeénth pixels from the left belong
to the covered background area since the pixels of tﬁe-
binary object image in frame #n are 1, and the corresponding

15 pixels in frame #n-1 are 0. |

The time change detector 303 determines that the
eighteenth through twenty-first pixels from the left belong
to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

20 The area specifying processing performed by the area
specifying unit 103 is described below With_reférence to the
" flowchart of Fig. 39. In step S301, the background image .
generator 301 of the area specifying unit i03 extracts, for
example, an image object corresponding to. a béckground

25 . object contained in an input image based on the input image



15 frame #n stored in the frame nmenory 341 is 1, and whether the
corresponding pixel in frame #n+l is 0. If it is determned that the
designated pixel in franme #n is 1 and the corresponding pixel in frane
#n+l- is 0, the process proceeds to step 5326. In step, 326 i
determned that 20 the designated pixel in frame #n be%@ﬁﬁ?h??fztoﬂg
uncovered. background area, and the processing is conpleted. If it is
determned in step 5325 that the designated pixel in franme #n is 0, or that
the corresponding pixel in franme #n+l is 1, the process proceeds to step
5327. In step 25 5327, the area defe?ﬁiﬁing portion 342 of the tine change
2 December 2005 - 101 detector 303 determ nes that the designated pixel in
frame #n. belongs to the foreground area, and the processing is conpleted.
As di scessasl tboyenetdiee ai deasipgeofiyd ninae ! 403 $9p51 bk ethe specify,
based on the correl ati on val ue between the input inmage and the
cor r es paené ngtdd cikacloymaandraigesg¢ otahiicd biofathreol peegr unge ar ea, t he
background area, the covered background area, or the uncovered background
area ea®¥tpixelingasorhiecon . i mage bel ongs, and generates area informtion
10 corresponding to the specified result. Fig. 41 is a block diagram
|IIustratlndlhﬁﬁﬁﬁéﬁ3ngnﬁm@uMQHQﬁYTﬂbﬁQQiﬂmmﬁgaﬂﬁ&nﬂ%ﬂhuyqnut 103. The
unit. 103 shown in Fi 41 uses a notion vector and

‘areg cifyin
posPt i éﬁ%’r Matfortifdrenia stpre Rt Fenivahee matworen the input

image and the background image supplled from the background
image generator 301 according to, for example, calculation
discussed with reference to Figs. 33A and 33B. In step é303,
the binary-object-image extractiﬁg portion 302 computes a 7
10 Dbinary object image from the correlation value and the
threshold th0 by, for example, comparing the cérrelation
value with the threshold thoO.
In step $S304, the time change detector 303 executes the
- area determining processing, and the processing‘is completed.
15 Details of the area determining processing in step S304
are described below with refereﬁqe to the flowchart of Fig.
40. in.step 5321, the area determining portion 342 of the'
time change detector 303.dete£ﬁihes whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
20 it is-determined that the designated pixel in frame #n is 0,
the process proceeds to step $322. 1In step §322, it is
determined that the designated pixél in frame #n belongs_to
the background area, and the processing is completed.
If it is determinea in step S$321 that the designated

25 pixel in frame #n is 1, the process proceeds to step $323.



15 detector 102. The sane el enents as those shown in Fig. 29 are

" designated with |ike reference nunerals, and an explanation thereof is
thus omtted. A robust-processing portion 361 generates a robust binary
obj ect image based on binary object images of N 20 frapRsespaigosd from

t he bi nary-object-inmage extracting portion 302, and outputs the robust
bi nary object image to the tinme change detector 303. Fig. 42 is a bl ock
diagramillustrating the configuration of the robust-processing portion
361. A 25 notion conpensator 381 conpgmsates for the notion of the 2
Decenber 2005 - 102 binary object inmages of N frames based on the notion
vector and the positional information thereof supplied fromthe notion
detector 102, and out{)uts a notion-conpensat ed bi nar% object inmage to a
swi tch 3B25tePTHE2pttin TonPehBhe FHhn ped f e Aeteby3 ¢ heo fiothontiv®npensat or
381 is djscussed. belowwith reference to exanples shown in Figs. 43 and
44, |t TRARGH ASkember 19+ ebRPMENes ke ther abea designgiedPizek o be
proce’sseg. When | bi narg/%gbjatﬁc% i es of frame_#n-1, franme_ #n, and frane
#n+l 10" shHWRS i PR e P fptt 2 HRSHEY ofit tohpehs @R WHtRYpensat es
for the potion of the. binar bject image of . frane -1 and the binary
obj ect F%%g%o%]fe??%?fgl%ﬁ%y%g iIf‘n %rg‘?e%lb&[/ Jlt:‘heéaexa 1€t stown in Fig. 44,
based Ol Ofn: 04T AL ¥ oGO aSUPRLL £L: T OMLE NS, MPLLQD fiStEetpr, 42, and
the corresponding pixel in frame #n-1 is 0, the process
proceeds to step $5324. Ih step 5324, it is determined that
the designated pi#el in frame #n belongs to the covered
background area, and the processing is completed.
10 : If it is determined in step 5323 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step S$325. 1In step
§325, the area determining portion 342 of the time change
detector 303 determines whether the designated pixel in
15 frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n+l is 0. . If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n+l is 0, the process
proceeds to step S326. In step S$326, it is determined that
20 the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.
If it is determined in step 5325 that the designated
pixel in frame #n is 0, or that the corresponding pixél in

frame #n+l is 1, the process proceeds to step §327. In step’

25 5327f the area determining portion 342 of the time change



15 supplies the notion-conpensated binary object imges to the swtch 382.
The switch 382 outputs the notion-conpensated binary object inage of the
first frame to a frame nenory 383-1, and outputs the notion-conpensated

bi nary object image of the 20 second frane to a frane rrg)go%% 383- 2.
Similarly, the switch 382 outputs the notion- conpensat &§°HPRerAPI8L) ect
images of the third through (N-1)-th frame to franme nenories 383-3

t hrough 383-(N-1), and outputs the notion-conpensated binary object inmge
of the NNth frame to a franme nmenory 383-N 25 The franme nmenory 383-1 stores
the notion-conpensated 2 Decenber 203 — 103 binary object image of the
first frame, and outputs the stored binary object inmage to a wei ghting
portion 384-1. The frame nenory 383-2 stores the notion-conpensated binary
obj ect dewgeccaf 30 Eecont fdanhatnthowditendtheal stiored i Hmaty obj ect
imge to a weighting portion 384-2. Simlarly, the franme nenories 383-3

t hr ough#1888: 1y tcstidree ficheegdiroh-aanpenaad ethdigmrideohijretid mages of the
third through (NN1)-th franes, and outputs the stored binary .object inages
t o wei ghwmimigetmott i ons 384-3 through 384-(N-1). 10 The frane nenory 383-N
stores the notion-conpensated binary object inmge of the Nnth frame, and
out put s t he2st diedusiedarppoyisj.echel mrge tpesideiiglat img tpdPBi am 384-N. The
wei ghting portion 384-1 nultiplies the pixel value of the ‘ '

not on‘-%,tgr?petr%a*&wib‘imar%ﬁf{ﬂﬂ et g wfelaid g retlue between the.

input image and the corresponding background image, to which

of the foregroﬁnd area, the background area, the covered

background aréa, or the uncovered background area each pixel

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

Fig. 41 is a block diagram illustrating another
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 41 uses a motion vector

“and positional information thereof supplied from the motion

i5 detector 102. The same elements as those shown in Fig. 29
‘are designated with like reference numerals, and an
explanation thereof is thus omitted. |

A robust-processing portion 361 generates a robust
binary object image based on binary object images of N

20  frames supplied from the binary-object-image extracting-
portion 302, and outpﬁts‘the robuﬁt binary dbfect image to
the time change detector 303.

Fig. 42 is a biock diagram illustratiné the

cdnfiguration of the robust-processing portion 361. A

.25 motiqn compensator 381 compensates for the motion of the



15 frame supplied fromthe frame nenory 383-1 by a predeterm ned wei ght W,
and supplies a weighted binary object inage to an accunul ator 385: The
wei ghting portion 384-2 nmultiplies the pixel value of the _

nmot i on-conpensated binary object inmage of the second brpgersdPphdsrd from
the 20 franme menory 383-2 by a predeterm ned wei ght w2, and supplies the
wei ghted binary object inage to the accunul ator 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 1) nultiply the pixel values of

t he notion-conpensated 25 binary o_bjolzelﬁ i mges of the third through

(N-1)-th frames 2 Decenber 2005 - 1 supplied fromthe franme menories

383-3 through 383-(N-1) by predeterm ned weights w3 through W(N-1), and
supplies the weighted binary object imges to the accunul ator 385. The

‘wei ght i hgnpbrt PoneGB4inbgns t o Pl N ebrathes ppxetd vah uehefmehieod vector o
not i on- conpensat ed bi nary object image of the N-th frane supplied fromthe
frame neRdryhegBont bjona pr beeeenathen thereghf smpphied stipphidlset he wei ght ed
bi nary ob;':.ect image to the accunul ator 385. The accunul ator 385 accunul ates
the pi xBPLiaNu@etefrterel0d0 s | UhtRGhD et SH? BHODT PemRehi ted b Hages
multiplied by the weights w through wN of '"the first through N-th frames,
and coﬂlﬂ%‘?‘ég tARIAcEUN| S EEFpi 3@% - val ue with the predeternmined threshold

:QE) st Pg:gggggﬁenﬁ%r ati ngi t he blarJCaJ,_r()){1 %b refcc}rn{ergg%e}{; t,%lse (Ij{{o%(:ilésrlsed above, the

compensator 381 is discussed below with reference to
examples shown in Figs. 43 and 44.. It is now assumed, for
example, that the area in frame #n is to be processed. When
binary object images of frame #n-1, frame #n, and frame #n+l

1¢ shown in Fig. 43 are input, the motion compensatbr 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the example shown in Fig. 44, based on the
motion vector supplied_from the motion detector 102, and

15 supplies the motion—compensated binary object images to the
switch 382,

The switch 382 outputs the motion—compensated binary
object image of the first frame to a frame memory 383-1, and
outputs the motion—-compensated binary object image of the

20 second frame to -a frame memory 383-2. Similarly; the switch
382 outputs the motioﬁ—compensated binafy object images of
. the third through (N-1)-th frame to frame memories 383-3
thfough 383~(N—l), and outputs the motion~compénsated binary
object image of the N-th frame to a frame memory 383-N.

25 ~ The frame memory 383-1 stores the motion-compensated



15 generates a robust binary object inmage from N binary object inmages, and
supplies it to the tinme change detector 303. Accordingly, the area

speci fying unit 103 configured as shown in Fig. 41 is able to specify the
area nore precisely than that shown in Fig. 29 even iﬁ[ﬂﬂ%ﬁﬁeﬂ ont ai ned
in the 20 input inmage. The area specifying processing perforne y the
area specifying unit 103 configured as shown in Fig. 41 is described bel ow
with reference to the flowhart of Fig. 45. The processings of step S341
through step S343 are simlar 25 to those of step S301 through step S303

di scussed with 2 Decenber 2005 - 105 teference to the flowchart of Fig. 39,

and an explanation thereof is thus omtted. In step 5344, the
robust - processing portion 361 perforns the robust processing. 5 In step
5345, thvenaiyreolriwegiyelbate ot OrtiBd 3f jpes £ of nene heandir@acmiet riidi ng
processing, and the processing is conpleted. Details of the processing of
step 535 ERe Bimitwnrohicathelimarocessa e tilstuss qebmiidn r3f4erlence to the
flowmchart of Fig. 40, and an explanation thereof is thus omtted. 10

Det ai | ST §FRING GMRIRAT Y riotesd i TP %o? ridsp orrlt ipteoniens et dsigiany of step
S344 in Fig. 45 are given belowwith reference to the flowhart of Fig.
46. | n REFGIRIG 1 Thet i SRESEhPETRR oraB OWErf et ghe mtamad on

co enﬁglion of . an Lgput bi nary obj ect inmage based on the notion vector
and inary object image to a weighting portion 384-2.

Similarly, the frame.mémories‘383—3 through 383-(N-1)
store the motion~compensated binary object images of the
third through (N-1)-th frames, and outputs the stored biﬁary-
object iméges to weighting portions 384-3 through 384—-(N-1) .

10 The frame méﬁory 383-N stores the motion-compensated binary
object image of the-N—thrframe; and outputs the stored
rbinary object image to a weighting pprtion 384-N.

The weighting portion 384-1 multiplies the pixel value

of the motion-compensated binary object image ofrthe first

15 frame supplied from the frame memory 383-1 by a
predetermined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
384;2 multiplies thé pixel va;uelof the motion-compensated
binary object image Qf the second frame supplied from the

20 frame memory 383-2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385. | |

Likewise, the weighting portions 384*3-through 384— (N—
1) multiply the pixel values of the motion-compensated

25 Dbinary object images of the third through (N-1)-th frames



15 the positional information thereof supplied fromthe notion
detector.102. In step S362, one of the franme nenories 383-1 through 383-N
stores the correspondi ng notion-conpensated binary object inage supplied
via the switch 382. In step S363, the robust-processingFPortLogzﬁgl 20

det ermi nes whet her N binary object inmages are stored. eCemOe2083t er ni ned
that N. binary object inages are not stored, the process returns to. step
5361, and the processing for conpensating for the notion of the binary

obj ect imge and the processing for storing the binary object imge are 25
repeated. 2 December 2005 - 106 |f £P4is deternmined in step S363 that N

bi nary object inages are stored, the process proceeds to step S364 in
which weighting is perfornmed. In step 5364, the weighting portions 384-1

t hr ough s3gp1Neauleonl ¥nkhe reper asperdieng 3d353bicRabkgAbEESL (hIRgesy by the
wei ghts Wi through wN. In step S365, the accunul ator 385 accunul ates the N
‘wei ght egprieideakymbbacteigh@esw3l RhsbaphSaGfi-1y heaaacyupbates 388 generates
a binary object inmage fromthe accunul ated i mages by, for exanple;
conpar i wgighé¢edcbumalkgt etljeakuénaigth aopradenernmaedtothseshol dnhehl, and
the processing is conpleted. As discussed above, the area specifying unit
103 comfeiightédgaposhown BA4FNgmudtipdiabl ehtopderdr abduar ed thaformation
based on the robust binary object inmage.
5 motion-compensated binary object image of the N-th frame
supplied from the frame memory 383-N by a predetermined
weight wN, ‘and supplies the weighted binary object image to
the accumulator 385.
The accumulator 385 accumulates the pixel values of the
10 motion-compensated binary object imades multiplied by the
. weights wl through wN of ‘the first through N-th frames, and
compares the accumulated pixel value with the predetermined
threshold th0, thereby generating the binary object image.
As discussed above, the robust-processing portion 361
15 generates a robust binary object image from N binary object
images, and supplies it to the time change detector 303.
Accordingly, the area specifying unit 103 configured as
shown in Fig. 41 is able to specify the area more precisely
than that shown in Fig. 29 even if noise is contained in the
20 input image.
The area specifying processing performed by the area:
specifying unit 103 configured as shown in Fig. 41 is
described below with reference to the flowchart of‘Fig. 45.

The processings of step S341 through step S343 are similar

25 to those of step S301 through step S303 discussed with



is able to generatearea information indicating to which of the noving
area, the stationary area, .the uncovered background area, or the covered

background area each pixel contained in a frame bel ongs. 20 Fi 47 is a
bl ock diagramillustrating the configuration of the ﬁ?ﬁ?ﬁ?@ﬁVggpg - -
calculator 104. A mixed- area-w dth detector 401 detects the wi dth of the

m xed area to which the designated pixel belongs by using the pixel
interval as the unit based on the area information supplied 25 fromthe
area specifying unit 103 and the rioti®h Vector and 2 Decenmbei 2005 - 107
the positional information thereof supplied fromthe notion detector 102,
The m xed-area-wi dth detector 401 supplies the detected width to a

strai ghtefémenapplyiiige pordwena 402 f asidghe3 o] xed adeaemp duddor mation. 5
The straight-1ine applying portion 402 calculates the ratio of the width
of the themwzbfariea ttoid henidiisé¢dnce from the designated pixel to the pixe
positioned at the edge of the m xed area based on the m xed-area-w dth

i nf or mat i on Insyiep &3 4fr,orbhiehe oinueda-rarcegean ididh peettdeino3 6401 and t he 10
notion vector and the positional information thereof supplied fromthe

not i on kRSt WOR . rothes stpeeepesinge  appl ying portion 402 cal cul ates the
m xture ratio a of the designated pixel based on the ratio of the w dth of

the® mixed dPe&te® BRESdI Shenddme shange dediaptared05i per fogmshahe

area determining prdcessiqg, aﬁd the processing is completed.
Details of the.proceséing of step 5345 are similar to the
‘processing discussed with reference to the flowchart of Fig.
4}, and an explanation thereof is thus omittéd.

10 Details of the robust processing corresponding to the
processing of step S344 in Fig. 45 are given below with
rreference to the flowchart of Fig. 46. In step S361,‘tﬁe

motion compensator 381 performs the motion compensation of
an input binary object image based on the motion vector and
15 the positional information thereof supplied from the motion
detector 102. In step 5362, oﬁe of the frame memories 383-1
through 383-N stores the corresponding motion-compensated
binary object image suppxied via the éwitch 382.
- In step S363} the robust-processing portion 361
20 determines whether N binary object images are stored. .If.it
is determined that N binary object images are not stored,
‘the process returns to. step 8361, and the processing for
compénsating for the motion of thelbinary 5bject image énd
the processing for storing the binary cobject image are -

25 3repéated.



pi xel positioned at the edge of the nixed area. Since it can be assuned
that the object corresponding to the foreground is noving with constant
velocity within the shutter time, the mxture ratio a of the pixels

bel onging to a m xed area exhibits the follow ng 20 characteri stjcs. That
is, the mxture ratio a linearly changes according to%ﬁﬁgmﬁg§¥%b@§aJ
change in the pixels. If the positional change in the pixels is
one-di mensional, a change in the mxture ratio a can be represented
linearly. If the positional change in the pixels is two-di nensional, a 25
change in the mxture ratio a can belq@pTesented on a plane. 2 Decenber
2005 - 108 Since the period of one frane is short, it can be assuned that
t he object corresponding to the foreground is a rigid body noving with
constant vel bfity.iTheegsadiesd 0f dthep P3GUrhIAN Qigmdsy Idrssely 5
proportional to the anmount of novenent v within the shutter tinme of the
f or egr odmdgesnaeraspbeedf the pdeabssi ptocecdatio atds shomnian Fig. 48,
~The gradient 1 of the ideal mxture ratio a in the mxed area can be

r epr eseihéghbyeitbtingi ps opat fofmedie 10n ambDemt SDE4 noviesent ightBsg shown in
Fig. 48, the ideal mxture ratio a has the value of 1 in the background
area, tRer{appe éf40li Ahreregh f 38 &gl coniit tpby, thedcaheespdn@ing §reat er t han

0 aqg sgaller than 1 in the mxed area
‘ inary object images by the weights wl through wN.

In step S365, the accumulator 385 accumulates the N
weighted binary object images.

In step $366, the accumulator 385 generates a binary
object image from the accumulated images by, for exampie;

10 comparing the accumulated value with a predetermined
threshold thl, and the processing is completed.

As discussed above, the area specifying unit 103
configured as shown in Fig. 41 is able to generate area
information based on the robust binary object image.

15 As is seen from the foregoiﬁg description, the area
specifying unit 103 is able to generate- area information
indicating to which of the moving area, the stationary area,
-the uncovered background area, or the covered background
‘area each pixel contained in a frame belongs.

20 Fig. 47 is a block diaﬁram illustrating the
configuration of the mixture-ratioc calculator 104. A mixed—
area-width detector 401 detects the width of the mixed area
to Which the designated pixel belongs by-using the pixel
interval as the unit based on the area information supplied

25 from the area specifying unit 103 and the motion vector and



:

15 The processing of the m xture-ratio calculator 104 is described bel ow
with reference to Figs.49 through 53. Fig. 49 illustrates a nodel in which
pi xel values corresponding to an image including a covered background

area and having the anount of novenent v of 4 are expapgederdferJdoshe tine
direction and the period corresponding to the shutter tine is divided. The
rel ati onship anong the pixel. value Mk of a - designated pixel belonging to
t he covered background area of frame #n, the pixel value Bx of the pixel
bel onging to the 25 background are q; frane #n-1 corresponding to the 2
Decenber 2005 - 109 5 designated pi Fig. 50 illustrates a nodel in

whi ch pi xel values corresponding to an i mage including an uncovered
background area and havi ng the anount of novenment v of 4 are expanded in
t he ti nehdipettionandifepariod doerreshondipigiad fien dest gmatieth pi xel of
frame #n, and the mxture ratio ax of the designated pixel can be

expr ess%@itwt%lﬁdl?i on T8y mimed—ane Bt I 8Yetwhrerar x4 ¢ ndiwatleiseg he position
in the coordinate axis x in the noving direction, and fx designates the
sum of e d¢R @b uHd Corfsorferttsr Aot ai ey PRIV RITVdUAQF t he

shutter time is divided. Simlarly, the relationship anDng t he pi xel val ue
MK of &s the mixed-area-width information. .

5 The straight-line applying portion 402 calculates the
ratio of the width of the mixed area to the distance from
. the designated pixel to the pixel positioned at the edge of
the mixed area based on the mixed-area-width information
supplied from the mixed-area-width detector 401 cnd the
10 motion vector and the positional information thereof
supplied from the motion detector 102. rThe straight—-1line
applying portion 402 calculates the mixture ratio‘a cf'the
designated pixel based on the ratio of the width of the
mixed area to the distance from the desigﬁated-pixel to the
15 pixel positioned at the edge of the mixed area.
‘Since it can be assumed.that the object corresponding
to the foreground is moving with ccnstant velocity within
Ithe shutter time, the mixture ratio a of the‘bixels
belonging to a mixed arearexhibits the following
20 characteristics. That is, the mixture ratio a:linéarly
changcs according to the positional changelin the pixels.
If the positional Change in che pixels is Ope—dimensional, a
change in the mixture ratio @ can be represented linearly.
If the positional change in the pixels is-two—diﬁensional, a -

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



a designated pixel belonging to the uncovered background 15 area of frame
#n, the pixel value Bx of the pixel belonging to the background area of
frame #n+l corresponding to the designated pixel of frame #n, and the

m xture ratio ax of the designated pixel can be expre tion (8).
As shown in Figs. 49 and 50, when the anmount of 20 nnvgzgg?pﬁgﬁgﬁgicated by
v, the wwdth of the m xed area in the noving direction of the foreground
obj ect can be determ ned by subtracting one fromthe anount of novenent v.
For exanple, in Fig. 49, the pixels gﬁgogging to the covered background
area of frame #n are the sixth throu 25 eighth pixels fromthe left, and
the wdth of the covered 2 Decenber 2005 - 110 background area is found to
be 3 by using the pixel interval as the unit. In Fig. 49, the anount of
novenent v iSidceabde parieddoh ohet irameves eshdaickgriournth asea is equal to
the result obtained by subtracting one fromthe anount of 5 novenent v. In
Fi g. 502senaef xbprs bBEeonblAgtt gorespnodirgetic bhckfoovegdoandainfaframe #n
are the fifth through seventh pixels fromthe left, and the width of the .
uncover éd9iHalRE¥ oY 1AL itE FonAdaps Belgchyyusing the pixel interval 10
as the unit. _In Fig. 50, the anmount of novenent v is 4, and the w dth of

t he uncover elHa@kflbeint af Bl Sebybare tep e o resuttvemislned by

subtracting one fr t he. anbunt of _novenent v.
g progortlonafnko Ehe amount of movement v within the shutter

time of the foreground.
An example of the ideal mixture ratio a is shown in Fig.
48. The gradient 1 of the ideal mixture ratio o in the |
mixed area can be represented by the reciprocal éf the
10 amount of movement v. |
As shown in Fig. 48, the ideal mixture ratio a has the
- value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.
15 | The processing of the mixture-ratio calculator 104 is
described below with reference to figs.,49 through 53.

Fig. 49 illustrates'a model in which pixel wvalues
corresponding to an image including a cévered background
area and having the amount of movement v of 4 are expanded

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

The relatiénship amoﬁg the pixel. value Mx of a
designated pixél belonging to the covered béckground area 6f
frame #n, the pixel value Bx of the pixel,beionging to the

25 background area of frame #n-1 corresponding to the



When the anpbunt of novenment is indicated by v, the 15 mxture ratio a of
the pixel which is positioned on the straight line in the. direction of the
notion vector, which belongs to the covered background area of franme #n,
and which is located adjacent to the pixel bel ongi ng b@d-BgheRRKIr ound
area (the pixel at the |eading end of the notion 20 vector) can be
determ ned by equation (9). a = (v-1) /v (9) For exanple, the mxture ratio
a of the fourth pixel fromthe left of franme #n shown in Fig. 51 is 3/4
when the anount of novenent v is 410 5 Wen the amount of novenent is
i ndi cated by v, the 2 Decenber 2005--"111 mixture ratio a of the second
pi xel fromthe pixel belonging to the background area, which is positioned
on the straight 1line in the direction of the notion vector, and which
bel ongdasigriretwb\ened ket kgramendirgr eadoftter ariectirecamatie o det er m ned by
subtracting 1/v fromthe mxture ratio a of the pixel which is positioned
on t he Bte algfitgratsel ipixeie cadi foec tax@rests ach éymeiguert ivect (@),: whi ch bel ongs
to the covered background area of frame #n, and which is | ocated adjacent
to the pi xeMxbel Bx8BRYf¥0 t he background area. 10(&br exanple, when the
amount of novement v is 4, the mxture ratio a of the third pixel fromthe
left | WHSEe ARdigedas itheriRgsisdians iy hensioor digadeualxitso xt A& val ue
obtgi neci1 by subtracting 1/4 fromthe m xture ratio a of the
the moving direction, and fx designates the sum of the
foreground components contained in the pixel value of the
designated pixel.
Fig. 50 illustrates a model in which pixel values
corresponding to an image including an uncovered background
10 area and having the amount of movement v of 4 are expanded
in the time direction and the period corfesponding to the
- shutter time is divided.
Similarly, the relationship among the pixel value Mx of
a designated pixel belonging to the uncovered background
15 area of frame #n, the pixel value Bx of the pixel belonging
to the background area of frame #n+l corresponding to the
designated pixel of frame #n, and the mixture ratio odx of
the designated pixel can be expressed by equation (8).
As -shown in Figs. 49 and 50, when the amount of
20 movement is indicated by v, the width of the mixed area in
the moVing direction of the foreground object can be
determined by subtracting one from the amount of movement v.'
For example, in Fig. 49, the pixels beionging to the

covered background area of frame #n are the sixth through

25 eighth pixels from the left, and the width of the covered



fourth pixel fromthe left of frame #n. 15 Simlarly, when the anount of
novenent is indicated by v, the mxture ratio a of the third pixel from
the pi xel belonging to the background area, which is positioned on the
straight line in the direction of the notion vector, a ] | ongs to
t he covered background area of frame #n can 2'0 be detg?ﬁﬁﬁﬁﬁﬁg§@g
subtracting 2/v fromthe mxture ratio a of the pixel which is positioned
on the straight line in the direction of the notion vector, which bel ongs
to the covered background area of_fygye #n, and which is |located adjacent
to the pixel belonging to the background area.. 25 For exanple, when the
anount of novenent v is 4, the 2 Decenber 2005 - 112 mxture ratio a of
the second pixel fromthe left in frame #n shown in Fig. 51 is 1/4, which

Cis equaP2ERIrRRNY At bbt Bewed BY Rebl rkictinipd/ e rpimelhdntieavale ratio a

of the 'fou&tr1 jxel fromthe |eft of frame #n. 5 Accordingly, the mxture
ratio a%®of' & brxel InpElOngthg ERe 1MWy R B BaN o Uhd sardea allfen t he
di st anc fromthi ixel to the pixel adjacent to the pixel belonging to
t he bac%@‘?o‘% | 13 e CUHT B 1&‘%'&%‘?%"& PPBAtSHHY 19 Pesed on the

X SR Tl TN I L A R T
pOSi5t'i qg@x‘f'erf?&t v.

In Fig. 50, the pixels belonging to the uncovered
background Qrea'of frame #n are the fifth through seventh
pixels from the left, and the width of the uncovered o
background area is found to be.3 by using the pixel interval

10 as the unit. In Fig. 50, the amount of ﬁovement v is 4, and
the width of the uncovered background area is equal to the
result obtained by subtracting one from the amount of
ﬁovement‘v. |

When the amount.of movement is indicated by v, the

15 mixture ratio a of the pixel which is positioned on the
straight line in the direction of the motion vector, which
belongs to the chered_béckgrdﬁnd area of frame #n, and
which is.located adjacent to the pixel belonging to the
background -area (the piﬁel at the leading end of the motion

20 vector) can be,déﬁermined by equation (9) .

o= (v-1) /v ' (9)

For example, the mixture rétio a of the fourth pixel
from the left of frame #n shown in Fig. 51 is 3/4 when the
amount of movement v is 4.

- 25 . When the amount of movement is indicated by v, the



the straight Iine in the direction of the notion vector, which belongs to
t he uncovered background area of frame #n, 15 and which is |ocated adjacent
to the pixel belonging to the background area (the pixel at the trailing
end of the notion vector) can be determ ned by equation gll .a=1(v-1) IV
(11) For exanple, when the anount of novenent v is 4, tH&€®BEMYPPure ratio
a of the second pixel fromthe left in frame #n is 3/4. Wien the anount of
novenent is indicated by v, the mxture ratio a of the second pixel from

t he pi xel belonging to the background area, which is positioned on the
'straight 25 line in the direction oftdhe notion vector, and which 2 ,
Decenber 2005 - 113 belongs to the uncovered background area of frame #n
can be determ ned by subtracting 1/v fromthe mxture ratio a of the pixel
whi ch imiposiéioneto an dhecisd ree@hid I pieel nEtdie til neiGtd Obfoddindgrot i on
vector, which belongs to the uncovered background area of frame #n, and
whi ch itol titatleackqup ok drd, titeiqh xied hed dhighmed tan tiee baokgrgnind ar ea.
For exanple, when the anount of novenent v is 4, the mixture ratio a of

t he thilidneikelthe o tdetiaf tof ntHe anet Hon whover | rerfd gehicdh is 1/ 2, which:
is equal to the value obtained by subtracting 1/4 fromthe mxture ratio a
of the bebewid 0 xdie feomudie hathgiqurnd aamedtmf frame #n can be

5 determined by subtracting 1/v from the mixture ratio « of .
the pixel which is positioned on the straight line in the
- direction of the motion vector, which belongs to the covéred
background area of frame #n, and which is located adjacent
to the pixel belonging to the background area.

10 For example, when the ampunt of movement v is 4, the
mixture ratio d of the third-pixel from the left in frame #n
shown in Fig. 51 is 1/2, which is equal to the wvalue
obtained by subtracting 1/4 from the mixture ratio a of the
fourth pixel from the left of frame #n.

15 | Similarly, when the amount of movement is indicated by
v, the mixture ratio o of the third pixel from the pixel

'-belonging to the background area, which is positioned on the
straight line in the direction of the motion vector, and
which belongs to the covered backgrouﬂd area of frame #n can

20 be determined by subtracting 2/v from the mixture ratio a of

~ the pixel which is positioned on the stréight line in the
direction.of the motion vector, which béléngs to the covered
backgfoundrarea of ffame #n, and which is lﬁcated'adjacent
to the pixel belonging to the background area.

25 .-VFor example, when the amount of movement v is 4, the



Li kew se, when the anount of novenent is indicated by v, the mxture ratio
a of the third pixel fromthe pixel belonging to the background area,
which is positioned on the 15 straight line in the direction of the notion
vector, and which belongs to the uncovered background Z{ea gf:%kgne #n

can be deternined by subtracting 2/v fromthe nixture 7XEFg0Y ¢ he pi xe
which is positioned on the straight line in the direction of the notion
vect or, which belongs to the 20 uncovered background area of frame #n, and
which is located adjacent to the pixel belonging to the background area.
For exanple, when the anount of novehkht~v is 4, the nixture ratio a of
the fourth pixel fromthe left in frame #n shown in Fig 52 is 1/4, which
is equal to the value 25 obtained by subtracting 1/2 fromthe m xture ratio
a of thmiRtDeeenbeio206f - tAddscs6n@ngipbXefréh ophd heetefin i firdmame #n.

Accordingly, the mxture ratio ax of the pixel belonging to the uncovered
backgr oindsheea wheRighesti ssante, Fhooht hs se@hxel td ocidevrpivel adjacent to
the pi xel belonging 5 to the background area is x can be cal cul ated by
equat i opbta2hedabedsant thet dngt AN efxonakhe rfiscth) ¥er-x{ i) (d2)theCeneral |y,
since the shutter tine is sufficiently short, it can be assuned that the
obj ect E@wrEbpphuehgfromt hiee 1Defbrefrbumdeidna rigid body noving with
constant velocity within the shutter tinme. Accordingly, it can also be
5 Accordingly, the mixture ratio ax of the pixel
belonging to the coveredrbackground area when the distance
from this pixel to the pixel adjacent to the pixel belonging
to the background area is x can be calculated by equation-
(10) based on the distance x.
10 ax = (v-1)}/v-xe (1/v) (10)
Similarly, when the amount of movement is indicated by
v, the mixture ratio o of the pixel which is positioned on
the straight line in the direction of the motion vector, -
which belongs to the uncovered background area of frame #n,

15 and which is located adjacent to the pixel belonging to the
background area (the pixel at the trailing end of the motion
vector) can be determined by equation (11).

o = (v-1)/v ' | - (11)
For example, when the amount of movement v is 4, thé

20 mixture ratio « of the second pixel from the left in frame
#n is 3/4.

When the amount of movement is indicated by v, the
mixture ratio ¢ of the second pixel from the pixel belonging

. to the background area, which is positioned on the straight -

25 line in the direction of the motion vector, and which



assumed that the mixture ratio in the mxed area linearly changes on the
straight line in the noving direction.. Thus, according to the
above-described cal cul ation 15 nmethod for the m xture ratio a, the m xture

ratio can be calculated with sufficiently high precisiyop.. Fig.
illustrates the cal cul ati on processing for the nixturebﬁg??gbgﬂyﬁ%an i mge.
When t he anmount of novenent is indicated by v, and when 20 the designated
pi xel is a pixel belonging to a covered background area, the m xture ratio
a of the pixel positioned on the §t{ﬁ§gbt line in the noving direction and
positioned at. the trailing end of e noving direction is Indicated by
1/v, and the mxture ratio a of the pixel. positioned on the 25 straight
line in the noving direction and positioned at the 2 Decenber 2005 - 115

.| eadi nBSEARIDf L hEhapyhagveredchrohoFeunddi et eodlf brgwe 1§ vcan e m xture
ratios a of the pixels positioned on the straight line of the noving

di recti BRTHEFIREA PrespbkERChingt héVv| BEOM nghe Ll stuxtersvie iy @f rection and
the-pixeéaat_the 5 trailing end of the nmoving direction can be linearly

cal cul ab8d RA¥Hl avit Gl 2Rt POFL 1+ eByORr BpRdrT Femght chiral i) . For

exanpl e novenent v i and when the designated pixel

_ _Q.mhe . Lhe mpunt of . S, 6, ( _
is api éfe‘ﬁgjr%lﬁg‘?ﬁg £ PRELORoVRT B balkbr DU 203, tQ i xture ratio as
of the pi8ler8IBILRILS Q8 108, SEFA AN TAe L0y the Jpving diregtion at
adjacent to thé pixel belonging to the background area.
For example, when the amount of movement v is 4, the
‘mixture rétio o of the third pixel from the left in framé #n
shown in Fig. 52 is 1/2, which is equal to the value
10 obtained by subtracting 1/4 from the mixture fatio a of the
second pixel from thé left in frame #n.

Likewise, -when the amount of movement is indicated by v,
the mixture ratio o of fhe third pixel from the pixel
belonging to the background area, which is positioned on the

15 straight line in the direction of the mofion vector, and
which belongs to the uncovered background area of frame #n
can be determined by subtracting 2/v from the mixture ratio
o of the.pixel which is positioned on the straight line in
the direction of the motion vector, which belongs to the

20 uncovered background area of frame #n, and which is located
adjacent to the pixel belonging to the background area.

For example, whenrthe amount of moﬁement v is 4, the
mixture ratio a of the fourth pixel from'thé left in frame
~#n shown in Fig. 52 is 1/4, which 1s equal to the value

25. obtained by subtracting 1/2 from the mixture ratio o of the



the | eading end of the noving direction is determned to be 5/6, and the
m xture ratio al positioned on the straight I|ine in the noving direction
at the trailing end of the 15 noving direction is determned to be 1/6. The
m xture ratios a2, a3, and a4 of the pixels between th?Epixeé %#) he.

| eadi ng. end of the noving direction and the pixel at oY ﬁ% end of
.the noving direction can be Ilinearly calculated in correspondence with the
pi xel - 20 positions with a gradient of 1/v, and are determned to be 2/6,
3/6, and 4/6, respectively. Wen the anount of novenment is indicated by v,
and when the designated pixel is a pt%er belonging to the uncovered
background area, the mxture ratio a of the pixel positioned. 25 on the
straight line in. the noving direction at the |eading 2 Decenber 2005 116
end "of skeondvphgedi feochi @nei sedet enntpedlet gnbe 1/v, and the nmixture ratio
a the pixel positioned on the straight Iine in the noving direction at the
trailing endrofotdengbw) nghelimiectuon tstdetet mhechd pihei(v-1)/v. The

m xture ratios a. 5 of the pixels positioned on the straight line in the
nmovi ng Dbdilprefingntbetheenncheepestebaakgtbend cadeagwiean oie tdies tviag
direction and the pixel at the trailing end of the noving direction can be
| i near | $Te® EBLAt edxebytpr bhorpivabl adgtatentatd ohy . pifeTHee oogssi Ng f or

calculatln the m xture ratio a perforned bY the m xture-ratio calculator
1042 st aegE bagkground area is x can be calculated by equation :

(12) based on the distance x.
ax = (v-1)/v-xe{(1l/v) {12)
Generally, since the shutter time is suffiéiently short,
it can be assumed that the object corres?onding to the |
10 foreground is a rigid body moving with constant velocity
within the shutter time. Accordingly, it can aiso be
assumed that the mixture ratio in the mixed area linearly
changes on the straight line in the moving direction.
Thus, according to the above—described calculation
15 method for the mixture ratioc o, the mixture ratio can be
calculated with sufficiently high precision.
‘Fig. 53 illustrates the calcﬁlation'processing for the
mixture ratio o in an image. |
When the amount of‘mOVement is ‘indicated by v, andrwhen
20 the designated pixél is a pixel belonging to a covered
-background area, the mixture ratio o of the pixel positioned
~.on the straight line in thé moving directioh and positioned
at the trailing end of the moving directioﬁ is indicated by
: 1/v( and the mixture ratio o of the pixel. positiocned on the

25 stralght line in the moving-direction and positioned at the



below with reference to the flowhart of Fig. 54. In step S401, the

m xture-ratio-wi dth detector 401 obtains the area information supplied
fromthe area 15 specifying unit 103. In step S402, the m xture-rati o-w dth
detector 401 and the straight-line applying portion 402 98% Hbdbge not i on
vector and the positional information thereof supplied Fromtre Rotion
detector 102. In step S403, the straight-line applying portion 402 20
designates a pixel. In step S404, the straight-line applying portion 402
det ermi nes whet her the designated_ph§g§;_belongs to the foreground area
based on the area information. |If it 1s determ ned that the designated

pi xel belongs to the foreground area, the process proceeds to step S405 in
which 25 0 is set in the mxture ratio, and. the process proceeds to 2
Decenmbe¥e3Hoy -end pisiidye supging fdigeqiiqtiy rinfddatedstap 6404 /fhat t he
designated pixel does not belong to the foreground area, the process

pr oceed$'§ st el 4T 195 %ty W@l tHe % gmnad @ Sheppl ying portion
402 determ nes whet her_the desi gnated pixel 10 pixel does not belong to the
backgrﬁﬁﬁ@b%%% PG ST o Ut HF AT Hhe Sl lsads, the

oL 9l DB POl 8008, e R PrscPeang for el eyl e
det g mﬂ%’ifﬁ%} etrQle oqe%r%n%'fo%xpg} 'Xcﬁlrebc%lioonrgsce:[no btehq_ineérly

calculated with a gradient of i/v (by proportional

calculations) . |

For example, when the amount of movement v is 6, -and
when the desigpated pixel is a pixel beionging to'tﬁe

10 ;COvered baékground area, the mixture ratio a5 of the pixel
positioned_on the straightrline in the moving direction at
- the leading end of the moving direction is determiﬁed to be
576, ahd_the mixture ratio al positioned on the straight
‘line in the moving directibn at the‘trailing end of the
.15 moving direction is determined to be 1/6.

‘The mixture ratios a2, a3, and &4 of the pixels between
the pixel at the leading end of the moving'diréétion and the
pixel at the trailing end of the moving direction can be
linearly calculated in correspoﬁdence with the pixel

Qb ‘positions with a gradient of 1/v, and are determined to be
 2/6, 3/6, and 4/6, respecfively.

When the amountrof movemeht is indicated by v, and when
the,designated pixel is a pixel belonging to the uncovered
background area, the mixture ratio @ of the pixel positioned

25 on the straight line in the moving direction at the leading



background area, the process proceeds to step S407 in which 1 is set in the
m xture ratio a. The process then proceeds to step 5409. If it is
determned in step 5406 that the designated 15 mixture ratio a of the pixel
bel onging to the mxed area, 20 and the process proceegds)to,55R03409.
Details of the, processing for calculating the mxture ratio a OP t he pi xe
bel onging to the m xed area are given below. In step 5409, the
straight-line applying portion 402 stores the calculated mxture ratio a
~in correspondence with the designated.pixel. In step 5410, the - :
straight-line applying portion 402 determ nes whether the mxture ratios a
have been calculated for the whole frame. If it is determ ned that the
m xture 25 ratios a have not been calculated for the whole franme, the 2
Decenbefngp@d thejmovippgedésectiannd st deseepingd3tpnbahi éh, appehehepi xel is
sel ected to repeat the processing for calculating the -mxture ratio a. If
it is dBEENRedatACsPephsaPdxehaPoshélRPREUPB tgeréﬁrééghthhiéebé%n
.calculatsd for .the whole franme, the process proceeds to step 5411 in which
the strk Ghi"*Vithe Qbﬁ???h@npéFtFBﬁ A52154Pguesdt A€ FRRtUPELRGLi 0s a. The

DT e iR et bl * AR EhE Hea 8 BE" (OLL P)! © BhY 1 PLES FELELSTGS O the

' 5 of the pixels positioned on the straight line in the moving
direction between the‘pixel_at the leading end of the moving
diréction'and the pixel at the trailing end of the moving
direction can be linearly calculated ({(by proportional |
calculations) .

10 The processing for éalculating the mixture ratio «
perfdrmed by the mixture-ratio calculator 104 is described
below with reference to the flowchart of Fig. 54.

In step S401, the mixture-ratio-width detector 401
obtains the area information supplied from the area

15 Specifying unit 103. In step 5402, the mixture-ratio—-width
detector 401 and the straight-line applying portion 402
obtain the m@tion ﬁectof and the positional information_
thereof supplied from the motion detector 102. | |

In step 5403, the straight-line applying portion 462

20 designates-a pixel. In step S404, the straight-line
abplying'portion 402 determineS‘whéther the designated pixel
ibelongs to the fdreground area based on tﬁe area informaﬁioh-
If it isrdetermined‘that the designated pixel belongs to the.
fofeground area, the prbcess proceeds to step 8405_in which

25 0 is set in the mixture ratio, and the process proceeds to



10 of Fig. 55, of theﬂprocessing for éalculating the m xture ratio a of the
pi xel belonging to the m xed area perforned by the m xed-area-w dth
detector 401 and the straight-line applying portion 402 corresponding to

the processing of step 5408. 15 In step 5421, the mXx g& [ ea- W.dLh
detector 401 determnes the width of the m xed area ing egmﬁ@%ﬁﬁgg
direction of the notion vector based on the notion vector and the
ositional information thereof supplied fromthe notion detector 102 and
p pp
the area information supplied from20 the area specifying unit 103. The
ni xed- area-w dth detector 401 supplies the width of the nixed area to the
straight- line applying portion 402 as the m xed-area-width information.
The m xed-area-wi dth detector 4.0 .my. calculate the width of the m xed
area baseepotd@dhe magni tude 25 of the notion vector. 2 Decenber 2005 - 119
In step 5422, the straight-1ine applying portion 402 determ nes the.
di stance fr dm tite idesiegratechaul el sttept 18610 edgatoftHdhalgsixedtagea in the
moving direction of the notion vector. 5 In step 5423, the straight-line
appl yi ngi-pok tdeoss 402t ket argn e sthdef aif syameed fawom t hehalgsigratsed pi xel to
the edge of ‘the m xed area in the direction opposite to the noving
di rect iRFPFedhetqotiem ARG or . I1 s ise B PB4, thdes staiajtghtldriene appl yi ng
portion 402 | ]
5 applying portion 402 determines whether the designated pixel
belongs to the background area based oﬁ the‘area-information.
" If it is determined that the designated pixel belongs to the
background area, the process proceeds to step 5407 in which
1 is set in the mixture ratio a. The process then proceeds
10 to step S409.
If it is determined in step S406 that the designated
pixel does not belong to the background area, the process
proceeds to step S5408. 1In step S408, the straight-line
dpplying portion 402 executes processihg for calculating the
15 mixture ratio o of the piiel belonging to the mixed areé,
and the process proceeds to step S409. Details of the
processing for calculating the mixture ratio o of the pixel
belonging to the mixed area are given below. .
In step S409, the straight-line applying portion 402
20 stores the calculated mixture ratio @ in correspondence with 
the designated pixel.
In step 5410, the straight-—line applying portion 402
determines whether the mixture ratios a have been calculated

for the whole'frame. If it is determinedrthat the mixture

25 ratios d have not been calculated for the whole frame, the



10 calculates the mxture ratio a based on the area information and the
ratio of the width of the mxed area to the distance fromthe designated
pi xel to the edge of the m xed area. The processing is then conpl eted. For
exanpl e, when the designated pixel belongs to the 15 E?Y%r%% p gr ound
area, the straight-line applying portion 402 cal cul at S tHe Hixture ratio
a according to the calculation expressed by equation (10) based on the
ratio of the width of the m xed area to the distance fromthe designated.
pi xel to the edge of the m xed area in the noving 20 direction of the
notion vector. For exanple, when theld&si"gnated pixel belongs to the
uncover ed background area, the straight-1ine applying portion 402
calculates the mxture ratio a according to the calculation expressed by
equat i oprot2sshagsedras thestabi 8408 2h whecn dnbtekrt pexgixed area to the
di stance fromthe 2 Decenber 2005 - 120 designated pixel to the edge of

t he mi xeeglacéad not hepedicr ¢bki prooppedinte foa tthe cimwithggdihecti on of the
notion vector. As discussed above, the m xture-ratio calculator 102 is 5
abl e t omgaltugkatrettihedni xture ratio a, which indicates a feature quantity
correspondi ng to each pixel, based on the area information supplied from
the area spetffyfnis uietenmBred fmdstae #6109 ohhabctive mixdtuhe positiona

information thereof supplied fromthe notion detector 102.
5 ratlos ® have been calculated for the whole frame, the

process proceeds to step 5411 in which the straight-line
applying portion 402 outputs the mixture ratios o. The
processing is then completed.

A description is given, with reference to the flowchart

10 of Fig. 55, of the proéessing for calculating the mixture
ratio o of the pixel belonging to the mixed area performed
by the mixed-area-width detector 401-and the straight-line
applying portion 402 corréspondipg to the processing of step
5408.

15 in steb S421, the mixed~area-width detector 4@1
determines the width of the mixed ared in the moving
direction of the motion vector based on the motion vector
and the positional information thereof supplied from the
motion detector 102 and the area information supplied from

- 20 the area specifying unit 103. -Thé mixedwareavwidth‘détector
401 supplies the width of the mixed area to the straight-.
~'line applying portion 402 as the mixed-area-width
information. The mixed-area-width detector QOl‘may"
calculate the width of the.mixed area based on the magﬁitude

25 of the motion vector.



10 By using the mxture ratio a, it is possible to 15 separate the
f oreground conponents and the background conponents contained in the pixel
value while maintaining the information of the notion blur contained in

the image corresponding to the noving object. If the 4 page. LS %ypt hesized
based on the mxture ratio a, it is possible to creaté an I nmage contai ni ng
nmoti on blur which matches the speed of the noving object and which
faithfully reflects the real world. The foreground/ background separator 105
is discussed 20 below Fig. 56 is ock diagramillustrating an exanple
of the configuration of the foregro background separator ~105. The i nput
i mge supplied to the foreground/ background separator 105 is supplied to a
separating portion 601, a switch 602, and a switch 604. The area

i nformati onIrsyipp éd225 frhemstthe igytdar ISipec iafppilyd nagnipb riidnadd 2i ndi cati ng
the 2 Decenber 2005 - 121 infornmation of the covered background area and

t he uncdeeemdindmcilyr clirkarea Tisomuppd | deks tgndthel geparlatiageiporti on 601.
The area information indicating the foreground area is supplied to the
swit ch |82e dhetha evldad Groma i on Thelireei i mg &l tdwt ivac kg duhel rerrtglzoms uppl i ed
to the switch 604. The m xture ratio a supplied fromthe m xture-ratio

cal cul M%Ft%04 is supplied to the separating portion 601. The separating

porgi on 601 separates _the foreground ) )
' In step 5423, the sTraight-line applying portion 402

determines the distance from the designated pixel to the
edge Qf ﬁhé mixed area in the direction opposite to the
moving direction of the motion vector.
In step 5424, the straight-line applying portion 402
10 calculates the mixture ratio « based on the area information
and the ratio of the width of the mixed area to the_distance
from the designated pixel to the edge‘of the mixed area.
The'proceSsing is then completed.
For example, when the designated pixel belongs to the
IS covered background area, the stréight—line applying portion
402 calculates the mixture ratio o acéording to the
calculation expressed by equation (10) based on the ratio of
the width of the mixed area to the distance from the
designated pixel to the edge of the mixed area in the moving
20 direction of the motion vector. |
For example, when the désignated pixel belongs to the
uncovered background area, the sﬁraight—line applying
portion 402 calculates the mixture ratio o according to the
calculation expressed by eguation {(12) based on fhe ratio of

25. the width of the mixed area to the distance from the -



conponents fromthe input inmage based on the area information indicating
the covered background area, the area information indicating the uncovered
background area, and the mxture ratio a, and supplies the separated
foreground conponents to a synthesizer 603. The separ?&gn or%&gp 601
al so separates the background conponents fromthe inpu ‘%%ﬁ@@f. nd
supplies the separated background conponents to a synthesizer 605. The
switch 602 is closed when a pixel corresponding to the foreground is input
based on the area information indic?%ing the foreground area, and supplies
only the pixels 20 corresponding to 8 foreground contained'in the input
image to the synthesizer 603. The switch 604 is closed when a pixel
corresponding to the background is input based on the area information
i ndi cat ideg ighe tbdckgxrelindoatea, cdne sfippheesirsbyairbe pnxehs 25
correspondi ng to the background contained in the input inmage 2 Decenber
2005 - #ixectdonheppynt-hesitzeth80Bovihg, diyathéshzef 603 synthasi zes a
foreground conponent inage based on the foreground conponents supplied
from t h&ec&€parati ng portion 601 and the pixels corresponding to the 5
foreground supplied fromthe switch 602, and outputs the synthesized
f oreground cOFPSHEFESFPRARROGE nceh ¢ helxfuregratiel ok boubmtor hE0Ziked area

do t overlap, the _synthesizer 603 applies, for exanple, logical ORto
thqu a%ﬁe tg calculate the mixture rggio o, which iggicatesga :

feature quantity corresponding to each pixel, based on' the
area information supplied from the area specifying unit 103, .
and the motion vector and the positional information thereof
supplied from the motion detector 102.

10 By using the m%xture ratio o, it is possible‘fo
sepaiate the foreground components and the background -
components contained in the pixel value while maintaining
the information of the motion blur contained in the image
corresponding to the moving object.

15 If the image is synthesized based on fhe mixture ratio
a,.it is possible to create an image containing motion blur
which matches the speed of the moving object aﬁd which’
faithfullf reflects the real world. |

The foregrouﬁd/backgrouﬁd separatér-lOS is discussed
20 below. Fig. 56 is a block diagram illuétréting an example
~of the configuration of the foreground/background sepérator
.105. The inpﬁt image supplied,to the fbreground/background,
separator 105 is supplied tc a separating portion 601, a
switch 602, and a:switch 604. The area information"supplied

25 fromrthe area specifying unit 103 and indicating the



foreground conponents and the foreground pixels, thereby 10 synthesi zi ng

t he foreground conponent image. In the initializing processing executed at
the start of the synthesizing processing for the foreground conponent

i mge, the synthesizer 603 stores an i nage whose pixelzm%a&H&§;$m@ all 0in
a built-in frame nmenory. Then, in the synthesizing processing for the
foreground conponent image, the synthesizer 603 stores the foreground
conponent image (overwites the previous inmage by the foreground conponent
i mage). Accordingly, 0 is stored in {he pixels corresponding to the
background area in the fooreground 2'0 conponent inage output fromthe

synt hesi zer 603. The synt hesi zer 605 synt hesi zes a background conponent

i mge based on the background conponents supplied fromthe separating

port i o BEATBHEE he i W sceorFed goreliwecd t heea bark grlvunchsapgrtedd from
the switch 604, and outputs the 25 synthesized background conponent i nage.
Si nce tHRF ’fﬁé‘ﬂ&ﬁtﬂa‘?eazo% supphied ek gidtinte Rt bat bire otk lar ea do not

overlagﬂhthe synt hesi zer 605 |ies, for exanple, logical ORto the
backgr ould ¥othH O PR BN i XKRFRITWRA ebfea simt hesi zi ng t he

backgr ound. conpanent. i nage. .5 the initializi rocessj ng, execut ed at
the st aEL'ri{bpo e gﬁhﬁ tise‘%i%}hgg%'oce&? rﬁ;r‘?%rl‘%ﬂgfrg%ﬂ@ Congthent
TS S BT A AUl RS e, rigp!  values are all 0 i
The mixture ratio o supplied from the mixture-ratio
calculator 104 is supplied tc the separating portion 601.
The separating portién 601 separates the foreground |
éomponents from the input.imagerbased on.the area
10 information indicating the covered background area, thé area
information indicating the uncovered background areé,.and
the mixture ratio «, and supplies the separated foreground
components to a synthesizer 603. The separating portion 661
also separates the background components from the input
15 image, and supplies the séparated background'components to a
synthesizer 605.
 The switch 602 is closed when a pixel corresponding to
‘the foreground is.input'based on the area information
-ihdicating the foreground area, and supplies only the pixels
20 corresponding to the foregfound containedlin‘the'input image’
to the.synthesizer 603;
The switch 604 is closed wﬁen a pixel corresponding to
“the background.is-input based on the area iﬁformation
indicating;the background area, and supplies onrly the pixels

25 corresponding to the background contained in the input image



synt hesi zi ng processing for the background conponent imge, 10 the

synt hesi zer 605 stores the background conponent imge (overwites the

~ previous image by the background conponent i nmage). Accordingly, Ois
stored in the pixels corresponding to the foreground ? ea | '

background - conponent image output fromthe synthesize §6@“ i'g. 57A
illustrates the input imge input into the foreground/background separ at or
105 and the foreground conponent inage and the background conponent inage
output fromthe foreground/backgrOUﬁg separator 105. Fig. 57B illustrates
a nodel corresponding to the input %e input 20 into the

f or egr ound/ background separator 105 and the foreground conponent inmage and
the background conponent inmage output fromthe foreground/ background
separ at 6p 1bS. sEnghesb7#ri 80a. schematic diagramillustrating the image to
be di splayed, and Fig. 57B is a nodel obtained by 25 expanding in the tine
direction th@%lm@@me@ﬁ s Yorieh €25 IDese b efro 12@0 undl Zbmdoneat ncl udi ng
t he pi xels belonging to the foreground area, the pixels belonging to the
backgroaﬁagérﬁéseﬁnﬂnth@epf&%?%ro%@$o@@WP@P@@¢$rﬁﬂﬁﬁbxﬂﬁeﬁxﬂﬁlddﬁ¥espond|ng
to Fig. 57A. As shown in Fi 57A and 57B, the background conponent 5

i mge oﬁ?BﬁFaF%6ﬁ1P%Et%%¥e@$%uﬁ%¢b%%%g@hﬁ%ﬁﬁS%Q%W%ERQHQIEB toridists of the
pIX%J Eelon to the. b cg round area and__the background conponents
cont’ai ne@* fFH p?&%@%l Miedcutea €02, and outputs the

synthesized foreground component image. Singe the

. foreground area and ﬁhe mixed érea dc not overlap, the

synthesizer 603 applies, for example, logical OR to the

foreground componénts and the foreground pixels, tﬁereby
1Q synthesizing-the,foreground component image.

In the initializing processing executed at the start.of
'the synthesizing processing for the foreground compoﬁent
image, the synthesizer 603 stores an image whose‘pixel‘
values are all 0 in a built-in frame memory. Then, in the

15 synthesizing processing for the foreground component image,
the synthesizer 603‘stores the foreground component imége
(qverwrites_the previous image by the foreground component
‘image} . Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground

,ZD component image output.from the sYnthesiéer 603.

The synthesizér 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 and the pixels correﬁponding to the
background supplied from the switch 604, éndroutputs the

25 | synthesized background component image. Since the



As shown in Figs. 57A and 57B, t he foreground conponent 10 inage out put
fromthe foreground/ background separator 105 consists of the pixel
bel onging to the foreground area and the foreground conponents contai ned

in the pixels of the mxed area. The pixel val ues of ﬁh@cagmggﬁoﬁn t he
m xed area are 15 separated into the background conponents and the
foreground conponents by the foreground/ background separator 105. The
separ at ed background conponents formthe background .conponent.i mage
together with the pixels belonging tq the background area. The separated
foreground conponents form 20 the f ground conponent inmage 't ogether with
the pixels belonging to the foreground area. As di scussed above, in the
foreground conponent inmage, the pixel values of the pixels corresponding
t o t he baghkkgrwowhd ot ectsetmized), arard & gridf ioantlqp xetheval ues 25 are
set in the pixels corresponding to the foreground area 2 Decenber 2005 -
125 arf¥tHepise $ommslben Pt crdmin xdbwirad. & tid atdey;,  in the
background conponent inage, the pixel values of the pixels corresponding
to t he Hadrothel compenand ssand ot bagtdyzsiupe foiceits pittedrakat ues are set
in the pixels 5 corresponding to the background area and the pixels
corresp%ﬂbti I hENR RaERrennd LoREETH iigiRdss gi ven bel ow of the

rocessin xecuted .b he .separatin ortion 601 for separating the
Porg 9 %n %He 1n1t¥a&121ngpproces%igg executed at thepstart %f

gr ound
the synthesizing processing for the backgrduﬁd component
image, the sYnthesizer 605 stores an image whose pixel |
values are all 0 in a built-in frame ﬁemory. Then, in the
synthesizingrprocessing for the background component image,

10 the synthesizer 605 stores the backgfound.compdnent image
(overwrites the previous image by the background component.
image) . Accordingly, 0 is stored in the pixels
corresponding to the foregrdund area in the background
component image output from the synthesizer 605.

15 Fig. S57A illustrates the input image input into the
foreg;ound/baékground separator 105 and the foreground
component image and the background componeﬁt imégeroutput
from the foreground/background separator 105. VFig. S?B
illustrates a quel corresponding to the input image input

20  into the foreground/background separator 105 and the

foreground component image and the backgrdund-component

image output from the foreground/background separaﬁor 105.
Fig. 57A is a schematic diagram illustrating the image

to be displayed, and Fig. 57B is a model obtained by

25 expanding in the time direction the pixels disposed in one



conponents and the background conponents fromthe pixels 10 belonging to
the m xed area. Fig. 58 illustrates a nodel of an image indicating
foreground conponents and background conponents in two franmes including a
foreground object noving fromthe left to the right isdd.9mbaSogsn the

nodel of the imge shown in 15 Fig. 58, the anmount of novenent v is 4, and
“the nunber of wvirtual divided portions is 4. In frame #n, the |eftnost
pi xel and the fourteenth through eighteenth pixels fromthe |eft consi st
of only the background conponents_ angd, hel ong to the background area. In 20
frame #n, the second through fourth pixels fromthe left contain the
background conponents and the foreground conponents, and belong to the
uncover ed background area. In frane #n, the el eventh through thirteenth
pi xel s ++B% thel29Ery Blont Rl webadrR RAFPE o ofen t £ watr Tk griidnd
conponents, 25 fngﬂgflon%%éo t he covered background area. In frame #n,.
the. 2 DRCSMBET 2 ong b £ 19 t H¢ MU TEH R if%el 3G (iR tHe9létt consi st
of onlybt e fore ro%gd cp ﬁnents, and belopng to. the fgﬁpground area. In
frame #RIFONTHES (o SENG HPERTR T193 oG RRTROTTOH (iR  1%f £ d ¢ he
ei ghteenth ghgg%lf om t he | eft..gonsi f only.5 the background conponents,
and belong to t é”%hgkb?g—fh épghéndfﬁ7%ra%§é%R§F,gfﬁgn.i PWPPHFBEQh ei ght h
pixel s {rone (Decdel Le-gpNLAL NeDACKAN AU, LOTRONGIN S, a0 f qreqiaund
conponent s@?% andlg el ong to the untovere bac groun eg%eaa.t%lrn fo(r%arre #n+l
the 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. 57A and 57B, the foreground component
10 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
15 separated into the background components and the foreground
components by the foreground/background separator 105. The
‘separated background components form the background
component image together with the pixels belonging to the
backgfound area. The separated foreground components form
20 7 the foreground component image together with the pixels
" belonging to the foréground area.
As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the

background area are set to 0, and significant pixel values

25 ~are.set in the pixels corresponding to the foreground area



fifteenth through seventeenth pixels fromthe left contain 10 background
conponents and foreground conponents, and belong to the covered background
area. In franme #n+l, the ninth through fourteenth pixels fromthe |eft
consist of only the foreground conponents, and belong_.to the foreground
area. Fig. 59 illustrates the processing for separatin embe2408r egr ound
conponents fromthe pixels belonging to the covered background area. In
Fig. 59, al through al8 indicate mxture ratios of the individual pixels of
frame #n. In Fig. 59, the fifteenth through seventeenth pixels fromthe

| eft belong to the covered backgreungsarea. 20 . The pixel value C15 of the
fifteenth pixel fromthe left in frame #n can be expressed by equation
(13): C15 = B15/v+F09/v+F08/v+F07 /v = al5B15+F09/v+F08/v+F07 /v =

al5P15+FQ / +F08/v+FCW /v a15 . ndi cat es the tyre ratio of
the flf%égn%h J‘b‘fﬁg@%@g%djﬁﬁ' & ? MAXS Fﬁ@alefFl ﬁFﬁﬁé #n, and-
P15 desi t val ue_of .the fifteent |er fron1th left in
frame I? Egis légﬂéPmPﬁnepgréﬁ%%hnd %e &ﬁgntg SPPh8T 't eent h

pi xel f t a y uati n (14) based
on equé{l?‘?ﬁ%%‘e‘fets Shds ,?ﬁ%ﬁ%&lﬁ gﬁfg %% % & larl y, the

sum f 16 0f §ﬂ§ifﬁ%§§%§¥ﬁ§e@0@EQﬁ%@t%r%fset in the pixels
5 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
comeneﬁts and the background components from the pixels

10 belonging to the mixed aréa.

Fiq. 58 1llustrates a model of an imagé indicating
foreground components and background compconents in two
frames including a foreground object moving from the left to
the right in Fig. 58. In the model of the image shown in

15 Fig. 58, the amount of movement v is 4; and the number of
viftual divided portions is 4. |

In frame #n, the leftmost pixel and the fourteenth
through.eighteenth pixels from the left consist of only the
background components and belong to the backgroﬁnd'areé. Iﬁ

20 ‘frame #n, the second through foqrth pixels from the left
- contain the background components and the foreground
'comp0nents, and belong to the uncovered background area. 1In
. frame #n, the eleventh through thirteenth pixels from the
left céntain background components and foreground components,

25 and belong to the covered backgiound area. 1In frame #n, the



the sixteenth pixel fromthe left in frame #n can be 10 expressed by
equation (15), and the sumf1l7 of the foreground conponents of the
seventeenth pixel fromthe left in frame #n can be expressed by equation
(16). f16= Cl6-al6P16 (15) f17 = Cl7-al7P17 (16) 15 |pgbesbaesgeer, the
f oreground conponents fc contained in the pixel value C of the pixel

bel onging to the covered background area can be expressed by equation
(17): fc = CGaP (17) where P designates the pixel value of the
corresponding 20 pixel in the previpus frane. Fig. 60 illustrates the
processing for separating the foreground conponents fromthe pixels
-belonging to the uncovered background area. In Fig. 60, al through al8

indicat%.giét [er tios of the individual pixels of franme #n. 25 In Fig.
60, thetSEEBNERTATS ghe?%r%x‘fﬁ%efgmflr%wth%f*feqqnszl&ﬁeééﬁm VOo® - 128 5

beLong o t he un over ed backgrou qg% ea. The val ue C02-of the second

pi xel frORTThEUT! f?OmPﬁn??E BRI ekpr ?ﬁﬂ?ﬂﬁﬁﬂl%ﬁ??ls). Q02 =
B02/ V+BOZ/ V+1§102é V-'ﬁ'fe n+l te}lZeBofz Otllt%roug%wNo 14ijzglp1x§e%85) from the

left and the eighteenth pixel from the left consist of only
5 the background components, and belong to the background area.
In frame #n+l1l, 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 coﬁtain
10 backg;ound components énd foreground components, and belong
to the covered background area. In frame #n+l, the ninth
through fourteenth pixels from the left consist of only the
foregrouﬂd components, and belong to the foreground area.
Fig. 59 illustrates the processing for separating the
15 forégfound components from the pixels belonging to the
covered background area. In Fig. 59, ol through alS8
indicate mixture ratios of the ihdividual pixels of frame #n.
In Fig. 59, the fifteenth through seventeenth pixels from
the left belong to the covered'béckground area.
20 . The pixel value Cl5 of the fifteenth pixel from the
| left in frame #n can be expressed by eQuatiOn {13) :

Cl1l5

i

B15/v+F09/v+F08/v+F07/v

]

015¢B15+F09/v+F08/v+F07 /v
~ G15eP15+F09/v+FO8/v+E07/v (13)

25 where al5 indicates the mixture ratio of the fifteenth pixel 7



where a2 indicates the mxture ratio of the second pixel fromthe left in
frame #n, and NO2 designates the pixel value of the second pixel fromthe
left in frame #n+l. 10 The sum f02 of the foreground conponents of the
second pixel fromthe left in frane #n can be expressggcbymssuricson (19)
based on equation (18). f02 = FOl/v = C02-a2N02 (19) 15 Simlarly, the sum
f03 of the foreground, conponents of the third pixel fromthe left in
frame #n can be expressed by equation (20), and the sumf04 of the
foreground conponents of the fourth pi xel fromthe left in frame #n can be
expressed by equation (21)- 20 f03 = 1203- a3N03 04 = C04- a4N04 (20) (21) In
‘this manner, the foreground conponents fu contained in the pixel value C
of the pixel belonging to the uncovered background area can be expressed
by equatiam (22)le25 ifru frdmeaaN 223nd HECeldidign2ds -thk2Dixsiere N
designates the pixel value of the corresponding pixel in the subsequent
frame. vslak sclisged GEbthesn ttthe iseparfatdmg-hporita fon i60 I daseald#ire-1.t 0 separ at e
t he foreground conmponents fromthe pixels

The sum f15 of the foreground components of the

fifteenth pixel from the left in frame #n can be expressed

5 by equation (14) based on equation (13).

i

£15 FG9/v+F08/v+F0O7/v

Cl5-0l15epP15 : (14)
Similarly, the sum f16 of the foreground components of

the sixteenth pixel from the left in frame #n can be

10 expressed by equation (15), and the sum f17 of the
foreground components of the seventeenth pixel from the left

in frame #n can be expressed by equation {(16).

£16 .= Cl6-al6eP16 (15)
£f17 = C17-0t17eP17 (16)
15 In this manner, the foreground components fc contained

in the pixel value C of the pixel belonging to the covered
background aréaocan be-e&pressed by equation (17) :

fc = C-oep ‘ ‘ (17)
where P desigﬁateo the pixel value of the corresponding

20 pixel in the previous frame. |

Fig. 60 illustrates the processing for separéting the
foreg;oond oompooents ffom the pixels belonging to the
uncovered background area. In Fig. 60, ol through ol8
indicate mixture ratios.of the individual'pixels of frame #n.

25 In Fig. 60, the second through fourth pixels from the left



5 belonging to the m xed area and the background conponents fromthe

pi xel s belonging to the m xed area based on the information indicating the
covered background area and the information indicating the uncovered
background area contained in the area information, anfptbg.sarsbgse ratio a
10 for each pixel. Fig. 61 is a block diagramillustrating an exanpl e of
the configuration of the separating portion 601 for executing the
above-descri bed processing. An inmage input into the separating portion 601
i's supplied to a frane 15 nmenory 6_2112 nd the area information indicating
the covered background area and the ‘Uncovered background area supplied
fromthe mxture-ratio calculator 104 and the mxture ratio a are supplied
to a separation processing block 622. The frame nenory 621 stores the input
i mages brlgnot $o 2heofintpumsesd Waekgamohndnere¢a. be processed is frame #n,
the frame nenory 621 stores franme #n-1, which is the frane one frane

bef ore franmeThd, Pirahevahie £RE feanehetregconhirikgls fndwe theakefone frame
after franme #n. The frane nenory 621 supplies the corresponding pixels 25
in frand#hreamef fangaknbeanyrreapedsiy| egeathensépll ati on 2 Decenber 2005 -
130 processiag bl ock, 6 622. The se aratiPn processi ng bl ock 622 applies the
cal cul ati onsC¥ s RS 1BI% FERU SHEP Y Figs. 59 and 60 to the pixel

valqgs Qf t he CQLQ%E&%&$§&{}¥XG'S in frame #n-1
' = Q2eNQ2+F01/v | | (18)
where 02 indicates the mixture ratio of the second pixel
from the left in frame #n, and N02 designates the pixel
value of the second pixel from the left in frame #n+l.
107 The sum f02 of the foreground components of thersecond
pixel from the left in frame #n can be expressed by equation
(19} based on-equation (18) .

£02 = FOl/v

C02—02eN02 _— (19)

15 | Similarly, the sum f03.of the foreground cbmpoqents of
the thifd pixel from the left in frame #n can be expreséed
by equation (20), and the sum £f04 of the foreground
components of the fourth pixel from the left in frame #ﬁ'cén
be expressed by équation (21} .

20 : £03 ='C03—a30N03 | - (20)

-£04 = C04-0a4eN(4 g (21)

In this manner, the foreground components fu contained
in the pPixel valﬁe C of the pixel belonging to the uncovered
background area can be éxpressed by equation (22):

25 - fu = C-asN - | . (22) .



5 frame #n, and frane *n+l suppliéd fromthe frame nenory 621 'based on the
area information indicating the covered background area and t'he uncovered

background area and the

conponents and the background conponents fromthe pix8lpsH68L8%0
the m xed area in franme #n, and supplies themto a frane nenory

separation processing block 622 is forned of an uncovered area pr
631, a covered area processor 632, a synthesizer 633, and a synth
634. 15 A multiplier 641 of the uncovered area processor 631 nultiplies

the pixel value of the pixel in frafom+

621 by the mxture ratioa and outputs the resulting pixel value t
switch 642. The switch 642 is cl osed when the pixel of frame #n 20

(corr espandi ng ded iidie tRisxedhd pifdaans it Jor HRPIdRE fspRmdti g

621 belongs to the uncovered background area, and supplies the p
mul ti plpiedelbyint htharistdbseRyieaiti Eramesuppl ied fromthe multiplier 641 to a
cal cul ator 643 and the synthesizer 634. The val ue obtained by nul
t he 25 pi xehsvdliseusketihabpiveel the Geamea#nnl pbytibe ADXtUseabBhéi o 2
Decenber 2005 - 131 a output fromthe switch 642 is equivalent to
backgr dundereariendites fofr ddryidk elompainea tof firber ¢bier edpendi ng pi xel in
frage #n. The cal cul ator 643 subtracts the background conponents

i0

15

20

25

belonging to the mixed area and the background components

from the pixels belonging to the mixed area based on the
information indicating the covered background area and the
information indicating the uncovered background area
contained in the area information, and the mixture ratio o
for each pixel. |

Fig. 61 is a block diagram illuStrating an example of
the coﬁfiguration of the separating portidn 601 for
executing the above-~described processing. An image input
intO'the separating portioﬁ 601 is sﬁpplied to a frame

memory 621, and the area information indicating the covered

background area and the uncovered background area supplied

from the mixture-ratio calculator 104 and the mixture ratio
o are supblied to a separation processing block 622.

The frame memory 621 stores the input images in units

“of frames. When a frame to be processed is frame #n, the

frame memory 621 stores frame #n-1, which is the frame one
frame before frame #n, frame #n, and frame #n+1, which is
the frame one frame after frame #n. |

_Thé frame'ﬁeﬁory 621 supplies the-corresponding pixels

in frame #n-1, frame #n, and frame #n+l to the separation

m xture ratio a so as to separate the foreground

g to 10
23. The
ocessor
esi zer

supplied fromthe frane nenory

0 a

frame nenory

xel val ue

tiplying
t he



5 supplied fromthe switch 642 fromthe pixel value of the pixel in franme
#n supplied fromthe frane nenory 621 so as to obtain the foreground
conponents. Thé cal cul ator 643 supplies the foreground conponents of the
pi xel in frame #n belonging to the uncovered backgrouaqué%ge} he 10
synthesi zer 633. A nultiplier 651 of the covered area procéssor 2
multiplies the pixel value of the pixel in frame #n-1 supplied fromthe
frame menory 621 by the m xture ratio a, and outputs the resulting pixel
value to a switch 652. The 15 switch 652 is closed when the pixel of frane
#n (corresponding to the pixel in‘f%%%e”#n-l) supplied fromthe frane
menory 621 belongs to the covered background area, and supplies the pixel
~value nultiplied by the m xture ratio a supplied fromthe nultiplier 651
to a cabeukakeing581and the.20 synthesi zer 634. The val ue obtai ned by

-mul tiplying the pixel value of the pixel in frame by the mxture ratio a
out put fromThe sepicht6H2 psoess viad éntodlo de hackigrouwid: conponents of -
t he pi xel value of the corresponding pixel in frame #n. 25 ..The cal cul ator
6. 53 subtlavilsttiihesbdékgneand vbdhponehéselcdetenPigs 2003 and 320 wupplied
-fromthe swtch 652 fromthe pixel value of the pixel in frame #n supplied
from t h&her piEeherdlye829 Lsbhascorvesboading heiketeginufitkmeomponent s. The

cal cul ator 653 supplies the foreground conponents of the pixel in frame #n
5 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 backgrdund area and the
mixture.ratio o so as to separate the foreground components
and the background components from the pixels belonging to

10 the mixed area in framé #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 syntﬁesizer 633, and a syntheéizer 634.

15 ' A multiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+1
supplied from the frame memory 621 by the mixture ratio «,
and.outpﬁts the resulting pixel ﬁalue‘to a switﬁh 642.' The
switch 642 is closed when the-pixel cf frame #n

20 (corresponding fo the pixel-in frame #n+l) supplied from the
frame memory 621.belongs to the uncovered backgrqund area,
‘aqd éupplies the pixel value multiplied by the mixture ratio'
o supplied from the multiplier 641 to a caiculator 643 and
Jthe synthesizer 634. The value obtained by multipiying the

23 pixel value of the pixel in frame #n+l by the mixture ratio



5 belonging to the covered background area to the synthesizer 633. The
synt hesi zer 633 conbi nes the foreground conponents of the pixels bel onging
to the uncovered background area in frame #n and supplied fromthe
calculator 643 with the 10 foreground conponents of t ixels onging to
the covered background area and supplied fromthe capgﬁgg?géaég@% and
suppl i es the synthesized foreground conponents to the frane nenory 623.
The synt hesi zer 634 conbi nes the background conponents 15 of the pixels
bel ongi ng to the uncovered background area in franme #n and supplied from
the switch 642 with the background d@ipenents of the pixels belonging to
the. covered background area and supplied fromthe switch 652, and

suppl i es the synthesized background conponents to the frame 20 nmenory 623.

componant BT T e xS L e B O e
separ atd gy Decef%f‘gtlpégﬁ H2%a AR B ARG AT, bl St he stored

f oregroun conponent s- of the plxels In the m xed
area ingfq@areg4n and the stored background conponents of the pixels in the
mxed area in frame #n. By utilizing the mxture ratio a, which |nd|cates

t he __ ‘The calculator 643 subtracts the background components
5 supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory. 621 so as
to obtain the foreground components. The calculator 643.'
supplies thérforeground components of the pixel in frame #n
belonging to the uncovéred background area to the
10 synthesizer 633.

A multipliér 651 of the covered area processor 632
multiplies the pixel value of the éixel'in frame #n-1
supplied~from the frame memory 621 by the mixture ratio «,
énd ocutputs the reéulting pixel wvalue to a switch-652. The

15 switch 652'is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied.from the
frame memory 621 belongs to the covered background area, and
supplies'the pixel value multiplied byrtﬁe mixfure'ratio o
supplied from the multiplier 651 to a calculator 653 and the

20 syntheéizef 634. The value obtained by multiplying the
piiel value of the pixel in frame #n-1 by the mixture ratio
o output from the switch 652 is équivalent to the background
components of the pixel value of the corresponding pixel in
frame #h.

25 . The calculator 653 subtracts the background components




5 feature quantity, the foreground conponents and the 10. 15 background
conponents contained in the pixel values can be conpletely separated. The
synt hesi zer 603 conbi nes the foreground conponents of the pixels in the

m xed area in frame #n output fromthe separating porbiReR8dr Mdsh the

pi xel s belonging to the foreground area so as to generate a foreground
conponent inmage. The synthesizer 605 conbi nes the background conponents
of the pixels in the mxed area in frane #n output fromthe separating
portion 601 with the pixels bel ongi to the background area so as to
generate a background conponent inage. Fig. 62A illustrates an exanple of
the foreground conponent inage corresponding to frame #n in Fig. 58. Fig.
62B il lustrates an exanple of the background conponent inmage 20,

cor r espondihygedof femnehenswiht ¢ g6 SB8frfingth@ 2t k¢ 1 ust e et athexanpl e of
the foreground conponent inmage corresponding to frame #n in Fig. 58. The
| ef t rosPipEkeinahuanpelt otiplebhedh pree| the offdhe nefery cohkis® &f only the
background conponents before the 25 foreground and the background are '
separ at ¥, “RRA1RhEBe {PEePrPeRenpRrPoReBts - 13Bhei sl cw s &re set to 0.

The second and fourth pixels fromthe left belong to- .
supplies the foreground components of the pixel in frame #n

5 belongiﬁg to the covered background area to the synthesizer
633. |

The synthesizer 633 combines the foreground components
Of the pixels belonging to the uncovered background area'in
‘frame #n and supplied from the calculatior 643 with the

10 foreg;ound 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 sypthesizer 634 combines the background :components

15 of thé pixels belonging to the uncovéred background area in
frame #n and supplied from the switéh 642 with the

-background components of the pixels belonging. to the covered
background area and supplied from the switcﬁ 652, and
supplies the synthesized background components to the frame

20 memofy_623.

The frame_memory.623 stores the foreground cOmponénts
and the background components of the pixéls in the mixed
‘area of frame #n supplied from the separation processing
block 622. 7 | |

25 The frame memory 623 outputs the stored foreground



t he uncovered background area before the foreground and the background are
separated. Accordingly, the background 5 conponents are set to O, and the
foreground conponents are nmmintained. The el eventh through thirteenth
pixels fromthe left belong to the covered backgroun f t he
foreground and the background are separ at ed. According%ééggnﬁgzgggkground
conponents are set to 0, and the foreground 10 conponents are nai ntai ned.
The fifth through tenth pixels fromthe |left consist of only the
foreground conponents, which are thus maintained. Fig. 62B illustrates an
exanpl e of the background conponentl3dmge corresponding to franme #n in
Fig. 58. The 15 leftnost pixel and the fourteenth pixel fromthe |eft
consi st of only the background conponents before the foreground and the

. backgro p Lh Kk ng. c e
nalntalggg aﬁﬁgﬁgegﬁn oug f%ﬁr%ﬁgplxe %%%19% PEB?Q ﬁ%long 20 to

the unceuersgopé&ky&@k@ﬁdo@ﬁ&ac@ﬁﬁ@ﬁ@nweo%%ﬁ&rgwglénﬁn the J»? pckground are

separated. Accordingly, the foreground -conponents are set to O, and the
backgr ogpdaconpPengnt sgare nuintained. The el eventh through thirteenth
pixels fromthe left belong to the covered background area before the 25
foreground amg g iRAGKY O iarSe A Bt e ds, AGGI i Yoa tb Pagrirber 2005 -
135 the foreground conponents are set to 0, and the background conponents
ar e Smai fitkataed. qddet{t§ | hthdr dogdbgtemhd Pomedsents and the

- background components contained in the pixel values can be
completely seﬁarated.

The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the

10 separéting portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The Qynthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
dutput from the separating portion 601 with the pixels

15 belonging to the background area so as to generate a
background component image.

‘Fig. 62A illustrates an ‘example of the foreground
component image.corresponding to frame #n in Fig. 58. Fig.
62B illustrates an example of the background component image‘

20. cerresponding to frame #n in Fig. 58.

Fig. 62A illustrates an example of the foreground
component image corrésponding-to frame #n in Fig: 58. The
leftmost pixel and the fourteenth pixel from the left
qonsist Qf‘only the_background components before thg

25 foreground and the background are separated, and thus, the



fromthe | eft consist of only the foreground conponents, and thus, t he
pi xel values are set to 0. 5 The processing for separating the foreground
and the background executed by the foreground/ background separator 105 is
described below with reference to the flowchart of Fi 90683 n0dr 084 P S601,
the frame nenory 621 of the separating portion 601 obtarns an input image,
and stores 10 franme #n for which the foreground and the background are
separated together with the previous frame #n-1 and the subsequent frane
#n+l . In step S602, the separation processing block 622 of the separating
portion 601 obtains area infor rrati"oril354up‘”pl ied 15 fromthe mXture-ratio
cal culator 104. In step S603, the separation processing bl ock 622 of the
separating portion 601 obtains the m xture ratio a supplied fromthe
m Xt ur epiedl ovehlesll atOrsdO4co0 I, step S604, the uncovered area processor
631 extracts 20 the background conponents fromthe pixel values of the
- pi xel s. bel orjieng etoonichand dovarsd diackgr diuth ahea 1sUpplbie@dngf rom t he frane
menory 621 based on the area information and the mxture ratio a. In step
S605, thiee umroverwel drackpraces sore®d e bxte adts £ @Sedherfdraagr auned
conponents fromthe pixel values of the 2 Decenber 2005 - 136 | pixels
bel ongi lpeckaratied (v \ag e ek gr obereb 2o supptiedackground
5 components are set to 0, and.the foregfound components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the background components are set to 0, and the foregrqund
i0 components are maintained. The fifth through tenth pixels
from the left consist of only the foréground components,
which are thus maintained.
Fig. 62B illustrates an example of the background
component image corresponding to frame #n in Fig. 58. The
15 leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the
foreground and thé background are separated, -and thus; the
background components are maintained.
The second.through fourth pixels from the left belong
20 to the uncovered background area before the foreground and
~the background are separated. Accordingly, the foregroﬁnd_
components are set to 0, and the backgroﬁnd components are
- maintained. The eieventh through thirteenth pixels from the

left belong to the covered background area before the

25 foreground and the baékground are separated. Accordingly,



fromthe frame nenory 621 based on the area information and the m xture
ratio a. In step S606, the covered area processor 632 extracts 5 the 1
background conmponents fromthe pixel values of the pixels belonging to the
covered background area supplied fromthe frane nennrg 621 €a§§§ on the
area information and the mixture ratio a. In step S607PePHBPEREPed. area
processor 632 extracts 10 the foreground conponents fromthe pixel val ues |
of the pixels belonging to the covered background area supplied fromthe |
frame menory 621 based on the area information and the mixture ratio a. In |
step S608, the synthesizer 633 comrbili3és -t he foreground conponents of the
pi xel s bel onging to the uncovered background area extracted in the : |
processing of step S605 with the foreground conponents of the pixels 1
|

bel ongi tQ 1 r Sﬁﬁ?59E ungd. tya I, t cessi ng of

step S6 7.:§%éﬂg§nt%§5|z -orégroungﬁggéﬁgé&bgﬁgﬂﬁgﬂ%}gﬁéﬁgﬁﬁ|ed to the

synt hesi RO%s The mynihesiZer 643 fard rmﬂz&}m d i68lss bel onging:
to the #ﬁﬁ%ﬁ%ouﬁh area supplied via the s&?fgh 60 mﬁ%%i?ﬁéﬂ'foreground

conponeitcin RPliad fdRMaitdie Sepafat it PYtdPpDbuRP g edi Jehel ate a
f oreground conponent image. 25 In Step S609, the synthesizer 634 conbines

the 2 Bessnbaha?Pxel I3h udnckey yad wepnponent s of the pixels belonging t o
t'he5 The processing for separating ﬁhe foreground and the
background executed by the_foreground/background separafor
105 is descfibéd below with referénce to the flowchart of
Fig. 63. In step S§601, the frame memory 621 of the
separatingrportion 601robtains an input image, and éto;es
.10. frame #n for which the foreground and the background are
‘.separatedltogether with the previous frame #n-1 and the
‘subsequent framé #n+1;
-In step 5602, the seﬁaration processing block 622 of
the sepérating portioﬁ 601 obtains area information supplied
15 from the mixture-ratio calculator 104. 1In step 5603, the |
o separation processing biock 622 of the separating portion
601 obtéins the mixture ratio o suppliedrfrom,the mixture-
ratio calculator 104. -
In step 8604, the uncovered area processbr 631 extracts
‘2b the background components from the pixel values of the
- pixels belonging to the uncovered background érea supplied
from the frame'memoiy 621 based on thé area information and
the mixture rétio o. |
In step $605, the uncovered area processor 631 extracts

23  the:foreground components from the pixel values of the



uncover ed background area extracted in the processing of step S604 with

t he background conponents of the pixels belonging to the covered
background area extracted in the 5 processing of step S606. The synthesi zed
background conponents are supplied to the synthesizer 262embie2005

synt hesi zer 605 further conbines the pixels belonging to the background
area supplied via the switch 604 with the background conponents supplied
fromthe separating portion 10 601 so as to generate a background conponent
i mage. 15 20 only the background conpggpents. Fig.. 64 illustrates another
configuration of the imge processing apparatus according to the present
invention. The elenents simlar to those shown in Fig. 2 are indicated In
step 5610, the synthesizer 603 outputs the foreground conponent inmage. In
step saEi?eﬂﬁeb§§ﬁﬂﬁé§92§P tBesuBteparsdt RackaER rBuntcR ofpBREREDi mage. The
processi_n is then conpl eted. As discussed above, the )
foregroéﬁngﬁgﬁgFEGHB WEPaF%t 6F L BpsefsoRpFRet BredpirhPENR hEOR 0RRYr ound
conponenhs .and the gackground conmponents fromthe input inage based on
the arei"®i BF&FHAEI 5A%aHd%the nixture ratio a, and outputs the foreground

. conmponent i e.consisting .of only the foreground co nents and the
backgr ound g%?}p%ﬁ%%té?%'ggué%n%?vs]f g V2P METTRE reterBhee fivheral s, and

an Q%p'@Hétbgekg?Sﬁﬁ8fcbﬁpgnEESE”PﬁémZQQQ pixel values of the

pixels belonging to the covered baékground area supplied
from the frame memory 621 based on the area information and
the mixture ratio o.
In step 5607, the covered area processor 632 extracts
10 the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame meﬁory 621 bésed on the area informatioﬂ and
the mixture ratio o. |
In step S608, the synthe;izér 633 combines the
i5 foreground components of the pixels belonging to the
uncovered background area extracted in the processing of
step S605 With the'foreground-éomponents of the pixels
belonging to the éoﬁered backgfound area ektracted in the
processing of step S607. The synthesized foreground
‘20 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
- foreground aiea supplied via the switch-602 with the
foreground components supplied from tﬁe seﬁaratinglportiOn
601 sc as to genérate a.foreground component image.

25 - In étep 5609, the synthesizer 634 combines the



- 138 thus omtted. A noving-direction estimating unit 701 generates a
notion vector corresponding to a foreground object based on area
i nformation supplied fromthe area specifying unit 103 5 and an i nput
image, and al so extracts the noving direction fromtheg., notion, tor so
as to supply the extracted noving direction to a nixtgF?C?gke %gfculator
. 702. The noving- direction estimating unit 701 is able to output the
generated notion vector. 10 The m xture-ratio calculator 702 cal cul ates the
m xture ratio a for each pixel based on the area information supplied
~fromthe area specifying unit 103 -arid3the nmoving direction supplied from
the noving-direction estimating unit 701, and supplies the cal cul ated
m xture ratio a to the 15 foreground/background separator 105. Fig. 65 is a

oot ety AR pG SR LGL o EROIBAMEL BB E P IR on vect o

based i omt yiag 20 unit
103 an&ﬂﬂ%éh%ﬂ%%?&?%g%§£@ﬁ%r%ﬂiig%?é QT%& f%heneﬂ%§§325|gﬁ%f%g pi xel of
frame dnebet ongs,ion thge ooyersd, &?&kc% A €30 £ 1Hife NPILONs vect or

detector 21 extracts an estimation blo corresponding to the de5|gnated

pi xel fraredd fd% #H Q@é%xﬂ@ré@%@é)@@r@@nd@ﬁé%i%@ie& rﬁnetﬁél and #n+l
supplied fromthe area 2 Decenber 2005
5 processing of step $606. The synthesized background
components are supplied to the_synthesizer 605. The
'synthesiéer 605 further gombines the pixels bélonging to the
background area supplied via the switch 604 with the
background éomponents supplied from the separating portion

10 601 so as to generate a backgrdund component iﬁage.-

In step 8610, the synthesizer 603 outputs the
foreground component image. In step S$611, the synthesizer
605 outputs the background component image. The processing
is then completed.

15 | As discussed above, the foreground/background separator
105 is. able to separate the foreground components and the
background'componenté from the input imagé based on the area
information and tﬁe mixture ratio @, and outputs the
foreground component image consisting of only the foreground

26 components and the backgrouﬁd coniponent image consisting of
only the‘backgroﬁnd components.

Fig. 64 illustrates another configuration of the image
proéessing apparatus accofding to the present invention.
The elements similar to those shown in Fig. 2 are indicated

25 Dby like reference numerals, and an explanation theieof is



- 139 specifying unit 103. For exanple, as shown in Fig. 66, an estimation
bl ock having the designated pixel belonging to the covered background area
at the center and containing the background area and the foreground area
is extracted. In Fig. 66, Aindicates the designated pj¥RbemBor S5 gnat es
the estimation block, and C represents the search area. In Fig. 66, D

i ndi cates the foreground area, E designates the background area, F
represents the covered 10 background area, and G indicates the uncovered
background area. The nption-vector ector 721. detects the covered
background area of frame #n+l having e sanme configuration as that of the
covered background area contained in the 15 extracted estimation bl ock. For
exanple, as shown in Fig. 66, the.notion -vector detector 721 searches the
search &bea eRiftade #n+l corresponding to the estimtion block in frame
#n, and detects the covered background area of frane #n+l having the 20
same confi gut AT ELRRTioM 9 dHieist Wrdk fburstenge@d-econt ai ned in the
extracted estimation block. The notion-vector detector 721 cal cul ates the
not i on MGELPBr VESFP BsPOME TRPR ST el P e’ HRBEES Prd ePPhasedPBFCE HR™ posi ti on

of the estimation block of fra n on the screen 25 and the, posjtion of
Che. det BEEB EGVEPRH DhCRATRLIT af B oFiS BEvanbarcbiogy unit 103

5 and an input image, and.also extracts the moving direction
from the motion vector so as to supply the extracted moving
direction to a mixture-ratio calculator 702. The moving-
direction.estimating unit 701 is able to output the
generated motion vector.

10 The mixture-ratio calculator 702 calculates the mixture
ratio o for each pixel based on the area information
supplied from the area specifying unit 103 and thé moving

- direction supplied from the moving~direcfion éstimating unit
701, and supplies the calculated mixture ratio a to the

i5 foreground/background Separator 105.

Fig. 65 is a block diagram illustrating the
configuration of the moving—direction estimating unit 701.
A moving-vector detectbr 721 generétes a motion vector based
on the area information supplied from the area specifying

20  unit 103 and the input image.

More épecifically, when the designated pixel of frame
'#h belongs to the covered background area, the motion-vector
detector 721 extracts an estimation block corresponding ﬁo
the designated pixel from frame #n based on the area

25 information of frame #n and #n+l supplied from the area



- 140 frane #n+l on the screen. The notion-vector detector 721 outputs
the cal cul ated notion vector, and al so supplies it to a noving-direction
sel ector 722. As shown in Figs. 67A and 67B, the notion-vector 5 detector
721 sets the length of one side of the estimtion bl i | onger

t han the anount of novenent v (wdth of the m xed argg§?&%g%¥2§§%ple,
shown in Fig. 67A, it is now assuned that the designated pixel is
positioned at the edge of the 10 mxed area. In this case, if the length
of one side of the estimation block is set to twice |longer than the anount
of novenent v, the estimation bl eck3eortai ns the background area and the
m xed area, and the outline of the m xed area to be detected becones
clear. 15 Simlarly, as shown in Fig. 67B, it is now assuned that the
design%tedi%iégl is.%oiiﬁioned at the center of the mxed area. In this
- case, iPtheyieﬁgFHl f 8 € side of the estimation block is set to twi ce

| onger thangthe QgL Of URNEHERL ¥sgtheseSLhMBLLoR,bl grkpsgpkai ns the

backgr ound area e mxed area, "and fhe ouflinée o € m xed area

1o be detackedyenaues ahedl nik1CBALAYnALS hAMN ol iy 67C, it i's now |

assumed that the designated pixel is positioned at the edge of the m xed
area. aaRirSuedSarehl akthenkerghh <of J0Re c%h@%iﬂfin%%§%5 BReidgFRlin@n bl ock is

set to the'same length as that of the 2 Decenber
5 area and the foreground area is extracted.

In Fig. 66, A indicates.the‘designated pixel, B
designates the estimatidn block, and C represents the search
‘area. In Fig. 66; D indicates the foreground area, E
designates the background area, F represents the covered

19 background area, and G indicates the uncovered background
area.

The motionfvector detector 721 detects the covered
‘background area of frame #n+l having the same configuration
as that of the covered backgfound'area contained in the

15 extracted estimation block.

For exémple, as shown in Fig. 66, the motion-vector
detector 721 searches the search area of frame'#n+1
corresponding fo the eﬁtimétion bloék in frame #n, and
detects the covered background area of frame #n+l having the

Qb same configﬁration as that of the-coveredrbackground area
_contaihedlin the:extiacted estimation block.
-The motion-vector detector 721 calculates the motion
_vecfor_cofresponding to*the designated pixel based on the
' position bf the estimation block of frame'#n on the screen

25 and the position of the detected covered background area of



- 141 anount of novenent v, either of the background area or the m xed
area is not contained in the estimation block, and the outline of the

m xed area to be detected beconmes unclear. Likew se, as shown in Fig. 67D,
it is now assuned that the 5 designated pixel is positjeRped.egdr Jofg center

of the mxed area. In this case, if the Iength of one side of the
estimation block is set to the sane length as that of the anmount of
novenent v, either the background area or the mixed area is not contained:-
in the estimtion block, and the 10 pyjline of the m xed area to be :
det ect ed becomes unclear. As discussed above, by setting the length of one
side of the estimation block to twi ce |onger than the anmount of
movenment.v, the notion-vector detector 721 is able to reliably detect the
cover ed EFa@Rg¥FBHAdORr BReofCEraRe #FR¢ maBiemvyegtehedebertennfdguration as
that of the estimation block. Wen the designated pixel of franme #n
bel ongs BEPERE thRcEerB42batkyPbitY BPeROT t handot | - waerbyedletfect or 721
extractg _an estimation bl ock coires onding to the designated 20 pixel from
frame #n°basBaVoRITHET GFEACTNFBIHAt?Bn’of - frame #n and frame #n+l supplied
fromthe ar speci fying. unit G’L%%% T%g] not,i on-vect or detector 721 detects
t he uncovergllg'S %é%%r%%%&%?ea Frhie Ben A BAMP T HEERFe confi guration
as tﬁatdgge% S URSOV Eggngﬁl Kk ea contained ji.n the 25 extracted
estinat FoR ng_ g %Ece e% g%@%@ﬁ g% ghe 5152 op éhe estimation
block to twice longer than the amount of movement v (width
of the mixed area).
For example, as shown in Fig. 67A, it is now assumed
that the designated pixel 1s positioned at the edge of the
10 mixed area. 1In this case, 1f the length of one side of the
estimation block is set to twice longer than the amount of
movement v, the estimation block contains the background
area and the mixed area, and the outline of the mixed area
to be detected becomes clear.
15 Similarly, as shown in Fig. 67B, it is now assumed that
the designated pixel is positioned at . the center of the
mixed area. In this case, if the length of one side of the
estimation block is set to twice longer than the amount of
movement v, the estimation block contains the background
'20  area and the mixed area, and the outline of the mixed area
to be detected becomes clear.
In contrast, as shown in Fig. 67C, it is now assumed
that the designated pixel is positioned at the edge of the

mixed area. In this case; if the length of one side of the

25 estimation block is set to the same length as that of the



- 142 The notion-vector detector 721 calcul ates the notion vector
corresponding to the designated pixel based on the position of the
estimation block of franme #n on the screen and the position of the
det ect ed uncovered background area 5 of frane #n+l on %E)%Csc%er%o The
notion-vector detector 721 outputs the cal cul ated noti Terer gnd al so
supplies it to the noving-direction selector 722. \Wen the designated
pi xel of frame #n belongs to the foreground area, the notion-vector
detector 721 extracts an estination block corresponding to the designated
pi xel from the input inmage of frane?n~ The notion-vector detector 721
provi des mat ching between the estimation block of the input - image of frane
#n and the input imge of frame #n+l, and generates the notion vector based
on t he ypasidi et efovdientest,i rEtthertr bl focdhobddierdotd avEage roftHa ame #n and
the position of the inmage of frame #n+l that has been matched wth the
est i mmictedlase iTEheratptdomrit-ad@eidori nd ethec teart A2k imay bdelodGt anlde thet | on
vect or based on the area information of the foreground area 20 or the
backgr curtd igreef Ithe Miixecasaecat ho st idetamdeidbe adatesc uoic 182 .does not
-need the input inmage. Alternatively, the notion-vector detector 721 may
det ect Litkewisd omsy&doom By Fagf.odibng ifatichinmy @ssulvedwibleg tdher een for
the_covered background area, the uncovered 25 background area, the
f or egr SRTd LT Bl ¥He LsabRgiddrdcsy et thepscaissr ofoghe mixed
area. In this case, if.the length of one side of the
‘estimation block is set to the same length as that of the
amount of movement v, either the backgfound area or the
mixed area is not contained in the estimation block, and the
10 outline of the mixed area to be detected becomes unclear.
As discussed above, by setting the length of one side
of the estimation block to twice longer than the amount of
movement v, the motion-vector detector 721 is able to
reliably detect the covered'background area of frame #n+1
15 having the same configﬁration as that of the estimation
block.
When the designated pixel of frame #n belongs to the
uncovered background area, the motion-vector detector 721
extracts an estimation block corresponding to the designated
20 pixel from frame #n based on the area information of frame
#n and frame.#n+1 supplied from the area‘specifying:unit 103.
The motion-vector detector 721 detects the uncovered
background area of frame #n+l having the same configuration'

as that of the uncovered background area‘contained in the

25 extracted estimation block.




- 143 In this case, the notion-vector detector 721 does not need the

i nput inmage. Referring back to Fig. 65, the noving-direction selector 722

extracts the noving direction of the notion 5 vector supplied fromthe

not i on-vector detector 721, and outputs the extracted ving, di tion. For
noresanpe 24

exanpl e, the noving-direction selector 722 extracts { ctor
conponents and vertical vector conponents fromthe notion vector, and
cal cul ates the absolute value of 10 the horizontal vector conponents and
the absolute value of the vertical yggtor conponents. The noving-direction
sel ector 722 selects one of the horizontal vector conponents and the
vertical vector conponents having a greater absolute value. The
movi ng-direction selector 722 outputs the 15 direction corresponding to the
sel ect ed vect?d? ROMRIHEME s dRCHNI Tt dialectliades the moWLed directi on
may take one of the values, for _exanple, O indicating the. left, 1 :
i ndi cat i PheCPFHRTPOBI IR dFRat gl ReItdped antkal iBRfi’kAtIThd e botto
20 In this.panner he novin -direcLio estimating unit 701 is able to
det ect PRELIOPT oREVERE oF BHATAFED Bheplt &% HERRol (Rt et TRoTe™ Fi g. 68 i s
a block_dja I strating th copfiguration of the mxture-ratio
cal cul at or g%%%kg%gﬁgé%-oéﬁ%?e(g?%me(a?%qg'&?%%‘?%‘?&)ﬁf’lc BEI%E 2% width of
theS”'ng'fﬁéﬁ@ gng?c§§b€ﬁe299§een. The motion-vector detector 721
outputs the calculated motion vector, and also supplies it
~to the moving-direction selector 722.
When the designated pixel of frame #n belongs to the
foreground area, the motion-vector detector 721 extracts an
10 estimation block corresponding to the designated pixel from
the input image ofrframe #n. ' The motion-vector detector 721
provides matching between the estimation block of the input
image of frame #n and the input image of frame #n+l1, and
‘generates the motion vector based on the position of the
15 estimation block of the input image of frame #n and the
position of the image of frame #n+l that has been matched
~with the estimation block.
The motion-vector detector 721 may detect the motion
vector based on the area information of the foreground area
20 or the background area. In this case, the motion-vector
detector 721 does not need the input image.
Alternatively, the motion-vector detector 721 may
detect the motion vector by performing métching.on the whole

screen for the covered background area, the uncovered

25 background area, the foreground area,~of the background area.-



- 144 to which the designated pixel belongs by using the pixel interval

as the unit based on the area information supplied fromthe area

speci fying unit 103 and the nmoving direction supplied fromthe

movi ng-direction estimating unit 701, and 5 supplies tgﬁﬁfet ct width to
a straight-line applying portion 742 as the m xed- area- 3r mat i on.
The straight-line applying portion 742 calculates the ratio of the width
of the mixed area to the distance from the designated pixel to the pixe

of the background area 10 adjacent to the m xed area based on the '

ni xed- area-wi dth 15 i nformation supfi%3ed from the nixed-area-wi dth detector
741 and the noving direction supplied fromthe noving-direction
~estimating unit 701. The straight-line applying portion 742 «calculates the
m Xt ur exri athDs adadde wesighet@d-ywiotwlr kRsettan 7e dold aicaf el W dt h of
the m xed area to the distance fromthe designated pixel to the pixel of

t he backige olmsht aingeyeadj acent to the m xed area. The foreground/ background
separation processing perfornmed by the inage processing apparatus

confi gured @fZr3isigolwa-ckn thi §ig646ibs dbecmbédgbdliowcwivh reference to the
flowchart of Fig. 69. In step S701, the area specifying unit 103 executes
area speeltgiony PHdoessiants mm@m%rﬁﬁmidwmg?e thieomotdemer ating area
information indicating to which of a 25 foreground area, a background area,
a cévef%ﬁF%ﬁﬁﬂ&ﬁRﬁhﬂP from the motlon vector detector 721 and

outputs the extracted mov1ng direction.

For example, the moving—direction'selector3722-extracts
horizontal vector components and vertical vector components
from the motion wvector, and calcplates the absolute value of

10 the horizontal vector components and the absolute value_of
the vertical vector components. The moving—direction
selector 722 selects one of the horiiontal_vectpr components
and the wertical vector components having a greater absblute:
value. The moving-direction Selector‘722 outputs the

15 direction corresponding to the selected veétor components as .
the moving direction. |

The moving direction may Eaké one-of the Values}_for
example, 0 indicating the. left, 1 indicating the right,.z
indicating the top, and 3 indicating the bottom.

20 In this manner, the moving~di£éction estimating'unit

701 is able to detect the motion Vectdr and also outputs the
-moving direction;

Fig. 68 is a block diagram illustrating fhe

configuration of the mixture-ratio calculator 702. A mixed=-

25 area-width detector 741 detects the width of the mixed area



2 Decenber 2005 - 145 area, or an uncovered background area each pixel of
the input imge belongs. The area specifying unit 103 supplies the
generated area information to the m xture-ratio calculator 702. Details of
the processing of step S701 are 5 simlar to those of &qgg%ng of
step 512, and an explanation thereof is thus onitted.éﬁﬁcg?gp 2, the
novi ng-direction estimating unit 701 detects the noving direction based on
the area information supplied fromthe area specifying unit 103. Details
of the 10 noving-direction detection processing are described below. The
novi ng-direction estimating unit 701 supplies the noving direction to the
m xture-ratio calculator 702. In step 5703, the mixture-ratio cal cul ator
702 calculates the mxture ratio a for each pixel contained in 15 the

m xed af@a"BasBdtba ¢heiapetag BirettbPohosuppby edsironthe heixel
moving-direction estimating unit 701 and the area information supplied from
t he areén§6§8?%yﬁﬁgtﬁﬁiFnig3basf%t%ﬁl§h%fa¥%% Hkeupretien virliad ation

processing area are discussed bel ow. The m xture-rati o cal cul ator 104

suppl i e§798 FRE eLPRUPREEHIRFRIUIRITatPd 3¢ othheme R rbLiRA Rk gr ound

separ at gr of the l%cess'n of step S703 are _simlar to those
a

o the BPBELIEMNETR Sremetsnd ittt e it st Tt her bt T4 RIS om tt ed
B MR R e Rt
portion 742 as the mixed-area-width information.

The straight-line applying portion 742 calculétes the
ratio of the width of the mixed area to the distance froﬁ
the degignated pixel to the pixel of the background area

10 adjacent to the mixed area based on the mixed-area-width
information suppiied from the mixed-area-width detector 741
and the moving direction supplied from the moﬁing—direction
estimating unit 701. The straight-line applying portion 742
calculates the mixture ratio of.the desigﬁated pixel based

15 on the ratio of the width of the mixed area to the distance
from the designated pixel to the pixel of the background
area adjaceﬁt,tq the mixed area.

The féregrouﬁd/backgrbund separation processing
performed by thé image.processing apparatus configured as

20 shown. in Eig. 64 is described 561OW with reference‘to the
flowchart of Fig. 69.
| In stepzS701, the area.Specifying unit 103 exécuteé
area specifying processing, based on an inpﬁt image, for
genefating area information indicating to which of a

25 foreground area, a background area, a covered background



2 Decenber 2005 - 146 conponents fromthe input inmage based on the area
information and the m xture ratio a, and synthesizes the foreground
conponent i mage based on the extracted foreground conponents, and

synt hesi zes the background conponent image 5 based on g becewtidraobsed
background conmponents. The foreground/ background separator 105 outputs the
foreground conponent inage and the background conponent image, and the
processing is then conpleted. Details of the processing of step S704 are
simlar to those of the processing qf,cstep S14, 10 and an expl anation
thereof is thus omtted. As discusseé above, the inage processing apparatus
configured as shown in Fig. 64 is able to separate the foreground and the
background. The noving-direction obtaining processing perforned by 15 the
nmovi ng-&fi¢ectdomrestrigmtdnayl lpaickgzeunds adesc algdd piakedwo fwithie ref erence to
the flowhart of Fig. 70. In step 5721, the notion-vector detector 721

obt ai nsinRe ISR DHegwof Jhgesir@ratteediiai@danaithd 0B3npuPrildege of the
frame subsequent to the designated frane. 20 In step S722, the

not i on-EE i IRES @rreﬁzfné%trgiaﬁsmq e dhea MifterRatréAcof the desi gnat ed

frame and the are i nformation of the frame subsequent to_the designated
frane. 9 cgil‘ﬁéaptqﬁ%ﬁz 1 h&Stttiton Afe pdfé’tct?cq‘tschnW?% §&&Pgrdlds 28 pixel. In

steB STAhy e Pihenyest o5 deteotor 121 5 deterhneg hgpher the
explanation therecof is thus omitted.

In step $702, the moving—direction'estimating unit 701
detects the moving direction based_on the area information
supplied from the area specifying unit 103. Détails of the

10 moving-direction detection processing are described beiow-
The moving—direction estimating unif 701 supplies the moving
direction to the mixture-ratio calculator 702.

In step 5703, the mixture-ratio calculatecr 702
calculates the mixture ratio o for each pixel contained in

15 the mixed area based on the moving direction supplied from
the moving—direction estimating unit 701 and the area
information supplied from the'area specifying unit 103.
Details of the mixture-ratio calculation processing area are
discussed below. The mixture-ratio calculator 104 supplies

20 ﬁhe‘calculated mixture rétib.a td;the foreground/baékground‘
separator 105. Details of the processing of step 5703 are
rsimilar to those of the processing of step 313, and an
explanation thereof is thus omitted.
| In step S704, the foreground/background separator 705

25 extracts the foreground components and the background




2 Decenber 2005 - 147 statiohary area based on the area information of the
designated frane. If it is determned that the designated pixel belongs to
the stationary area, the process proceeds to step S725 in which the notion
vector is set to 0. The 5 process then proceeds to SteED%Z;%%BeHOO'St IS

determned in step S724 that the designated pixel doeS o el'ong to the
stationary area, the process proceeds to step 5726. In step 5726, the
notion-vector detector 721 determ nes whether the designated pixel bel ongs
10 to the covered background area ba on the area infornation of the
designated frane. If it is determined in step S726 that the designated
pi xel belongs to the covered background area, the process proceeds to step
5727. In step 5727, the notion-vector detector 721 creates an estimation
bl ock 15°®BBARERAENHreMetizoverpdt bamkge obasedrem, thdheafexr eground area, and
the background area. In step S728, the notion-vector detector 721 provides
mat chi ngheERRERCR hendsterei vhubRoERtiany. t#rd aveathed bzemttloh i ndi cati ng
the covered background area of the frane subsequent to the designated
frane. 20FEBFOBRANPPEOORFRE nbIRGRA- DREEDr ot tHF LAt ed| Euredxaing he
square suns_of %he errors between the estimation block and the areas
havi ng FREPERFRTE; A ASYREEC B ZERetRe  PRRET TN HISMICRE Y hi F4%Re sear ch
areg of area_jinformation.of the franme subsequent (o the designated
frage. BRAcLerBoral Reroat Eraabar PR e uBeT o o Wi ng the i ni mum
square fgyéaiound/background separator 105 outputs the foreground '
component image and the background component image, and the
processing is then completed. Details of the processing of
step 5704 are similar to those of the processing of step 514,
10 and an explanation thereof is thus omitted.
As discussed above, the image processing apparatus
configured as shown in Fig- 64 is able to separate the
foreground and the background.
The moving-direction obtaining processing performed by
15 the moving-direction estimating unit 701 is described below
. ‘with reference to the flowchart of Fig. 70.
In step S$721, the motion-vector detector 721 obtains
the input image of a designated frame and the input image of
the frame subseguent to the designated frame.
20 ' In step 5722, the motion-vector detector 721 obtains
the area information of the designated frame and the area
information of the frame subsequent to the designated frame.
In step 5723, the motion-vector detector 721 designates
a pixel. 1In step S724, the motion-vector detector 721

25 determines whether the designated pixel belongs to the



2_De¢enber 2005 - 148 the errors. In step 5729, the notion-vector detector

721 generates a notion vector based on the position of the estinmation

bl ock of the designated frane and the position of the 5 matched covered
background area of the franme subsequent to the designagf ge$é§g§m sand the
process proceeds to step 5737. If it is determned in step that the
desi gnat ed pi xel does not belong to the covered background area, the
process proceeds to step-5730. In step 5730, the notion 10 vector detector
721 determ nes whet her the deS|gnated pi xel belongs to the uncovered
background area based on the area~ ilfformati on of the designated frane. If
it is determned in step 5730 that the designated pixel belongs to the
uncover ed background area, the process 15 proceeds to step 5731. In step

S731,  tdeatidrion, edOhadied aal aihe Al aaiRS it 9§ igratden bl ock
contai ning the wuncovered background area, the foreground area, and the

backgr alseligreteed |fraiep 782t tihe durd rainerr ttiia tdaltRCldq¥s 1 ghdkepr ovi des
natchlng bet ween the estinmation block and the 20 area information

i ndi catpingelt e lunepey arce d ackgridioith @ eacef, tthe froe S phesegeart to the
designated frane. For exanple, the moti on-vect or detector 721 cal cul at es
t he squar s G0 tile wdriradr SHeetmeeEent e carstri Nt st Wloodk e t he areas
having the sane size as that of the estimation 25 block wthin the search
ared ofPHME Y ddemitgronmadim tof stttee S737.

If it is determined in step $724 that the designated
pixel does not belong fo the stationary area, the process
proceeds to step S726. In step S726, the motion~vector

. detector 721 determines whether the designeted pixel belongs
10 to the covered background area based on the area information
of the designated frame. If it is determined in steﬁ 5726
that the designated pixel belongs to the covered background
area, the process'proceede to step $727. In step S$727, the
motion-vector detector 721 creates an estimation block |
15 ° conteining the covered background area, the foreground area,
and the background area. In step $728, the motion-vector
" detector 721 provides matchiﬁg'betﬁeen the estimation block
and the area information indicating the covered background
area of the frame subsequent to the de31gnated frame.
2b For example, the motlon vector detector 721 calculates
the Squere sums of the errors’ between the estimation block’
'apd fhe areas having the same size as that of the estimation
.5lock within the search area of the area information of the
frame subsequent to the designated frame, -and selects the

25 area within the sea:ch area having the minimum square sum of



2 Decenber 2005 - 149 frame subsequent to the designated frame, and
selects the area within the search area having the m ni nrum square sum of
the errors. In step S733, the notion-vector detector 721 generates 5 a
motion vector based on the position of the estinmation ZQthmef
designated frane and the position of the matched uncovere bac ground area
of the frame subsequent to the designated' frane. The process then
proceeds to step S737. 10 If it is determned in step 5730 that the
desi gnated pi xel does not belong to {hg uncovered background area, it can
be proved that the designated pixel belongs to the foreground area. The
process thus proceeds to step S734 in which the notion-vector detector 721
creates an estimation 15 block in the designated frane of the input inage.
In stepti5785X°FRe notion-vector detector 721 provi des mat ching between the

estimation bl ock of si gnated frane and. the nput i mage of the frane
subsequent t ntﬁEeHeéPg% ERé%W%ﬁﬁP??ﬁe?ﬁﬁﬁnﬁQFGQ@R¥rﬂﬁ#(ﬂ?QR£ﬂ§ﬁs ‘det ect or

721 calcula%es 20 the sguar t he error? Ee ween, the, estinmati on

Pock aRdmehesp sk is PahE Rivins phateinn e PSS e
ESt'”thﬁﬂcQ|8?hgﬂ% 881§F§88$aE§ngr§a OLPthe%Sl h%n $ﬁﬁ§% of the frane

subsequent ‘to rane, and portlon W thin

the seapgh-acgachaui-ag BQSkHLQbH&”&ZéaSSHaEﬁeSHPMé L5 ELEQKS +o
the designated frame, and the process proceeds to step S737.
| If it is determined in step S726 that the designated
pixel does not belong to the covered background atea, thé
process proceeds to step S730. In step S730, the motion-

10 vector detector 721 determines_whether the designated pixel
belongs to the uncovered background area based on the area
information of the designated frame.

If it is determined in step S730 that the designated
bixel belongs to‘fhe uncovered background area, the prdcess

15 proceeds to'sﬁep $731. 1In step S731, the motion-vector
detectof 721 creates an estimation block containing the
uncovered background area, the foreground drea, and the
backgroﬁnd area. In step 5732, thé motion-vector detector.
721 provides matching between the estimation block and the

20 area information indi¢ating the uncovered backgrouhd area of
the framé subsequent to'the‘designated frame.

For examplé, the motion;vector détector 721 calcuiates
the square suﬁs_of the‘errors bet#een.the eétimation block
and the areas having the-same size as_that of the estiﬁation

25 block within the search area of the area information of the




2 Decenber 2005 - 150 In step S736, the notion-vector detector 721
generates a notion vector based on the position of the estimation block
of the designated frane and the position of the natched inage portion of
the frame subsequent to the 5 designated frane. The prgggg%ng el oceeds
to step 5737_ In step 5737, the notion-vector detector eterm nes
whet her the notion vectors have been generated for all the pixels of the
designated franme. If it is determined that the notion vectors have not
been generated for-all the 10 pixels of the designated frane, the process
returns to step 5723 in which the $dB8sequent pixel is selected to repeat
the processing for generating a notion vector. If it is determned in step
S737 that the notion vectors have been generated for all the pixels of the

15 desifgadiee @ ubsaRientthe opaee SIS sAHRCERES firlmeSt @RdSE38eckl takep 5738, the
nmotion-vector detector 721 supplies the notion vectors to the

movi ng-adieke etiiton ns elhecsea réh2 arand hadlisws alicputinithé sgtbes wamt 8Fs. In
step 5739, the noving-direction selector 722 2'0 generates noving

di r ect itdwes elrased .on the notion vectors supplied fromthe notion-vector
detector 721. In step 5740, the noving-direction selector 722 outputs the
generated HovEhgrdEvVedti bihg, mahdotheeptocedstagtos tohphetedatds descri bed
above, the noving-direction estimating 25 unit 701 is able to generate
not$ onaveetdes Argtesvaged on the position of the estimation :

block of the designated frame and the position of the
matched uncovered background area of the frame subsequent to
.the designated:fiame. The process then proceeds to step
§737.

.10 -If it is determined in step S730 that‘the designatéd'
pixel does not belong to the uncovered background area, it
can be proved'that the designated pixel belongs to the
foreground area. The process thus procéeds to step S$734 in
lwhich the motion-vector detector 721 creates an estimation

157 block in the designatedrframe of the input image. In step
S735, the motion-vector detector 721 providés matching
between the'eStimation_block of the designated frame and the
input image of the frame subsequent to the'designated'frame-

For example, the motion—vector.detectdr.721 calculates

20 the square'sumS'bf the-errors between the estimation block
and the image portions having the same size as that of the
estimation block within the search area of the input image
éf the frame subsequent to the designated frame, and selects
the. image portion Qithin the search area having the minimum

25 square sum of the errors.




2 Decenber 2005 - 151 directions based on the input inages and the area
information. It has been described that the notion-vector estimating unit
701 generates notion vectors and noving directions by 5 using the inages
and the area information of the designated frame and the frage sygRsequent
to the designated frane. Alternatively, the notion-vector estinating unit
701 may generate notion vectors and noving directions by using the inages
~and the area information of the designated frane and 10 the frame prior to
the designated frame. The m xture-rajtg cal culation processing performed by
the m xture-ratio calculator 702 is described belowwith reference to the
flowhart of Fig. 71. In step 5761, the m xture-ratio-wi dth detector 741
15 obtains the area information supplied fromthe area specifying unit
103. In step!B782eP tHe3fn xEhR 0o biow-VRdtdhr detecior 7244 genkidess '
straight-line applying portion 742 obtain the noving direction supplied
from t hg WBVLAY- VaFteEt PanedsPrnhhPngoaatioroal be|assiBptbyn3, the
straigh%ilige ap %iag Eortion 742 designates a_pixel. In step 5764, the
st rai ght-PFre® ag yFhg porEFOntyaBeqarer Al RcBOMhBt Per o f hEh8esi gnat ed pi xe
bel ongs_t f oreground. area on the area information. If it is

h ) b d
oot or oomatchag, LRRSYRePE AR Br DERE  cEamtncuBt Saupat CEE RS

5 designated frame. The process then proceeds to step S737-
In step S737, the motion-vector detector. 721 determines
whether the motion vectors have been generated for all the
pixels of the.designated frame. If it is determined that
the motion vectors.have not been generated for all the
10 pixels ef the designated frame{ the ﬁrocess returns to step
S723 in which the subsequent pixel is selected to repeat the
processing for generéting’a moeion vector,
If it is determined in step S$737 that the motion
vectors have been generated for all the pixels of the

15 designated frame, the process proceeds to step S738. 1In

step §738, the motion-vector detector 721 suppliee the
motion vectors to the moving-direction selector 722, and

also outputs the motion vectors.

In step $739, the moving-direction selector 722
20 generates moviﬁg directions based on the motion vectors
'Supplied‘fxqm the motion-vector detector 721. In step 8740,
the moving—directioﬁ selector 722 outputs the generated
moving directions, and the processing is cempleted{'
As described above, the moving-direction estimating .

25 unit 701 is able to generate motion vectors and moving



25 foreground area, the process proceeds to step 5765 in which 2 Decenber
2005 - 152 O is set inthe mxture ratio a, and the process proceeds to
step 5769. If it is deternmined in step S764 that the designated pixel does
not belong to the foreground area, the process 5 proc 5766. In
step 5766, the straight-1line applying portion 742 dete?ﬁ?%%égﬂﬁéﬁ er the
desi gnat ed pi xel belongs to the background area based on the area
information. If it is determined that the designated pixel belongs to the
background area, the process proceeds, to step S767 in which 10 1 is set in
the mxture ratio a. The process fhéﬁlpFoceeds to step 5769. If it is
determned in step 5766 that the designated pixel does not belong to the
background area, the process proceeds to step 5768. In step 5768, the
strai ghitirldctd oh’s appkdi g pokt iapuid2meyeeuted pheceassang for cal cul ating
the mxture ratio a of the pixel belonging to the m xed area, and the

pr ocessnfiooteedsnt.o step 5769. Details of the processing for calcul ating
the m xture ratio a of the pixel belonging to the m xed area are descri bed
bel ow. 20 | Aitshep BFEH, dehersbedi ghet| the mpplyingepbetiontimtingores the
calculated m xture ratio a in correspondence with the designated pixel. In
step 5PPGt (7R gengirgives| medligppMeichgrpornloRoYaARg daéreckiinas Whet her the

m xture ratios a _have been cal cul ated ) )
.5 using the images and the area information of the designated

frame and the frame subsequent to the designated frame.
Alternativély, the motion"vectof_estimating unit 701 may
génefate ﬁotion vectors and moving directions by using the
images aﬁd the area information-of the designated frame and

10 the frame prior to the designated frame.

The mixture-ratio calculation processing performed by
the mixture-ratio calculator 702 is described below with
reference to the flowchart of Fig. 71.

In step S761, the mixture-ratio-width deteétor 741

15 obtains the area information supplied from the area

- specifying unit 103. In step $762, the mixture-ratio-width
detector 741 and the straight-line applying portion 742
obtain the moving direction supplied from-the'mbving—
direction estimating unit 701.

20 In steﬁ S763, the straight-line applying portion 742
designates a pixel. 1In step S764, the straight-line
applying portion 742 determines wﬁether the designated pixel
belongs to the foreground area based on the area information.
If it is determined that the designated pixel bélongs to fhe

25' foreground area, the process proceeds to step S765 in which



25 for the whole franme. If it is determned that the m xture 2 Decenber
2005 - 153 ratios a have not been calculated for the whole franme, the
process returns to step S763 in which another pixel is selected to repeat
the processing for calculating the mxture ratio a. 5,k Lt,] term ned
in step S770 that the m xture ratios a have been calcaF%F%hbéggﬁﬁhe whol e
frame, the process proceeds to step S771 in which the straight-Iine
“applying portion 742 outputs the mxture ratios a. The processing is then
conpl eted. 10 A description is given below, wth reference to the
flowchart of Fig. 72, of the processing for calculating the mxture ratio
a of the pixel belonging to the m xed area perforned by the

m xed-area-w dth detector 741 and the straight-line applying portion 742
corresp8ndpngetoinhghesmprisuessragiof tst apdSEB8. Pracsseppr878deds heo

m xed- area-wi dth detector 741 determnes the width of the m xed area in

t he novPhEP 87 P&ction of the motion vector based on the moving direction
supplied fromthe poving-direction estimating unit 701 and 20 the area

i nformation Stipptitd 4 omnthRedrdn Speki s {hotimt ttha odesigpated
m xed-area-w dth_det cgo 741 su éi S thg mﬁdtg of the mxed area to the
stralghP}FFxg 8ﬁ5|9?ﬁg ﬁé??goﬁ 7%% gg PHEOHP L@t &R eat i dPFOFREDr mation. In
StegiS7§gbcéQSSs£gagggt-5988-apPLygggppgegk?ntgézstraight-line
| applying-portioﬁ 742 determines whether the designated pixel
belongs to the background afea based on the area information.
_If it is determined that the designated pixel bélongs to.the
background area; the process proceeds to step 8767 in which
10 1 is set in the mixture ratio o. Thé process then proceeds
to stép 5769.
If it is determined in step 5766 that fhe designated
pixel does not belong to the background areé, the process
.proceeds to step S768. In step 5768, the straight—line
15 applying portidn 742 executes processing for calculating the
‘mixture ratio o of the pixel belonging to the mixed area,
and the process proceeds to step 5769. Detaiis of-ﬁhe
processing for calculating the mi#tﬁre.ratio a .of the pixel
_ belonging to the mixed area are described below:
20 'Inrstep $769, the straight—liné applying portion 742
stores the calculated mixture ratio o in correspondence with
the designéted“pixelf
In step S$770, the straight-line applying portion 742
determines whefher the mixture ratios & have been calculated L

25 for the whole frame. If it is determined that the mixture



25 determ nes the distance fromthe designated pixel to the 2 Decenber 2005
- 154 edge of the mxed area in the noving direction. In step S783, the
straight-line applying portion 742 determ nes the distance fromthe

desi gnated pixel to the edge of the mxed area in the @icSﬁEb ¢apposi te
to the 5 noving direction. In step 5784, the stralght-llne applying
portion 742 calculates the mxture ratio a based on the area information
and the ratio of the width of the m xed area to the distance fromthe

desi gnated pixel to the edge of the m xed area. 10 The processing is t hen
conpl eted. As discussed above, the nid3d ure-ratio calculator 702 is able to
calculate the mxture ratio a, which is a feature quantity correspondi ng
to each pixel, based on the area infornmation supplied fromthe area

speci T yidgiolid HR ansk Hedheo MMvi Nge sl T £6F i 0fk SHRPL 8L £Eom dihe
moving-direction estimating unit 701. Fig. 73 is a block dlagram

i |l ust rptddgsstidtuanothersicanfd e aid o ofn ti’tﬁ‘oﬂ}{@sgepﬁ{élc%_ssS' ng apparatus
according to the present invention. The sanme el enents as those shown in 20

Fig. 64erectssignataskad tihd i deferencmonueralmeiangd @ expl anation
thereof is thus omitted. . In the inmage processing apparatus shown in Fig.
73, themixtoyviengratiyeation is input froman external source. The area
speci fying unit 103 specifies each of the
5 If it is determined in step S$770 that the mlxture
ratios o have been calculated for the whole frame, the
process proceeds to step S771 in which the straight-line
applying portion 742 outputs the mixture ratios «o. Tﬁe |
processing is then completed.

10 A descripticn is giVen.below, with reference to the
flowchart of Fig. 72, of the processing for-calculating'the.
mixtuie ratio o of the pixel belonging to the mixed area '
performed by the mixed-area-width deteetor 741 and the
straight-line applying portion 742 corresponding to the

15 processing of'step 8768-

| ‘In step 5781, the mixed-area-width detector 741
determlnes the width of the mixed area in the mov1ng
“direction of the motion vector based on the‘mOVing direction.
supplled from the mOV1ng direction estimating unit 701 and

26 the area information supplied from the area specifying unit
103. The mixed-area-width detector 741 supplies the width
ot the mixed area to the straight—line_applying pbrtion 742
as the mixed-area-width information.
| In step S782, the straight-line applying portion 742

- 25 determines the distance from thé designated pixel to the



25 pixels of the input inmage as the foreground area, the 2 Decenber 2005 -
‘155 background area, or the m xed area, and supplies area information
indicating to which of the foreground area, the background area, or the
m xed area each pixel belongs to the mxture-ratio ca and the
f oregr ound/ background separator 105. The nixture-rati%ﬁgg%%g%g%@g 702
~calculates the mxture ratio a of each pixel based on the area information
supplied fromthe area specifying unit 103 and the noving direction
supplied fromthe external source,_ ang, supplies the 10 calculated m xture
ratio a to the foreground/ background separator 105. The ‘

f or egr ound/ background separator 105 separates the input image into the

f oreground conponent image consisting of only the foreground conponents
and t heeBaekgf otie nxedmpomentn | Hagarevhsy sdirecoiomnl y t he background
components based on the area information supplied fromthe area

speci fyi ng urt t3983 SHfP t Hdsris&umiehtat)iig e adpiined Horgmont Hek2

m xture-ratio, calcul ator 702, and outputs the foreground conponent image

and t he®BEERBHBERd RO MHTHEH CF et Pof THRS 1@ B dunkidackyreihd separati on
D oCeSoLage BEILAL BT L1, | R0 o1 pbesing, appar s configurod oo
Fig.5 74mo${h§t§$&§%%yanﬁhe area specifying unit 103 perforns,

In step S$784, the straight-line applying'portion 742
calculates the mixturerrétio O based on the area information
and the rétio of the width of the mixed area to the disténce
from the designated pixel to the edge of the mixed area.

10 The processing is then completed.

As discussed above, the mixture-ratio calculator 702 is
able to calculate the mixture ratio o, which is a feature
quantity corresponding to each pixel, based on the area
inforﬁation supplied from the area spécifying uni£ 103 and

15 the moving direction supplied from the movingfdi:ection
estimating unit 701.

Fig. 73 is a block diagram illustrating still anofher
configuratioh of the image processing apparatus according to
the present invention. The same elements as those shown in

20 Fig. 64 are designated with like reference numerals, and an
explanation thereof is thus'omitted_

In the image processing apparatus shown_iﬁ Fig. 73, the
moving direction is inputrfrom an exte:nal‘source.

The aréa specifying unit 103 specifies each of the

25 ~pixels of the input image as the foreground area, the



25 based on the input imge, area specifying processing for 2 Decenber 2005
- 156 generating area information indicating to which of the foreground
area, the background area, the covered background area, or the uncovered

background area each pixel of the input inmage bel ongs peci fyi ng
unit 103 supplies 5 the generated area information to ?H%Q%Tg%ﬁgggratio
calculator 702. In step S802, the mxture-ratio calculator 702 calcul ates
the m xture ratio a for each pixel contained in the m xed area based on
the externally input noving 10 direction and the area information supplied
fromthe area 15 2'0 specifying um t15003. The mi xture-ratio cal cul ator 104
supplies the calculated mxture ratio a to the foreground/ background
separator 105. In step S803, the foreground/ background separator 105

ext r actiga - Judice rund ormanent:seand-dhe hackanpunds comonents fromthe
i nput 1inmage based on the area information and thé mxture ratio a, and

synt hesiirz@srtdi€ orf AmRUICUHIhE APANEL IdRga DaspEbURe S aghed
f oreground conponent imge and the background conponent inage, and the

conponérdckeanthnal S0 esy,ntdresiize snil:tel kackgruwnd mamomntongsage thased on
the extracted background conmponents. The foreground/ background separator
105 outputtsitehe sftdoegradund ator 702 and the foreground/background

5 separator 105.

The mixture-ratio calculator 702 calculateé the mixture
ratio « of each pixel based on the area information supplied
from the area specifying unit 103 and the moving directioﬁ
supplied from the external source, and supplies the

10 calculated mixture-fatio & to the foreground/background
separator 105. | |

The foreground/background separator 105 separates.the
input image into the foreground component image consistind
of only the foreground components and the background

15 component image consisting of only the background componenté
based on the area information supplied from the area
specifying unit 103 and the mixture ratio o supplied from
the mixture~rati6 calculator 702, énd'outputs the foreground
component image and the backgfbﬁnd component image.

20-‘ '~ The foregrouhd/backgfodnd separation processing
performed by the image processing apparatus cbnfigured as
shown in Fig. 73 is described below with reference to the
flowchart of Fig. 74.

In step S801, the area specifyiﬁg unit 103 performs,

25 based on the input image, area specifying processing for



processing is conpleted. As discussed above, the inmage processing apparatus
25 configured as shown in Fig. 73 is able to separate the 2 Decenber 2005 -
157 foreground and the background. It has been described in which the
width of the mxed area is determned to calculate th i romthe
designated pixel to the edge of the m xed area in the g[%$§@g€€§%ﬁ%f t he
novi ng vector, or the wwdth of the mxed area is determned to calcul ate
the distance fromthe designated pixel to the edge of the m xed area in
the nmoving direction. However, the fggtgre ratio can be calculated by the
processing described. with reference TO Fig. 55 or 72 by 10 determ ning the
above-described width of the m xed area and the distance in any direction
other than the direction orthogonal to the notion vector or the noving

di rect i @FNETEGENExaNPpReinfhemat xonr éndatkrbivgntbewbatbubfit edeby t he
processi ng described with reference to Fig. 55 or 72 by 15 determ ning the
wi dt h of °ERE*APREdJ24FBa hhE bhekdrevadcersf. the dewvegedtledchixehndo the
"edge of the mxed area in the direction parallel to the notion vector or
the novPhG? - dPFekbfoRncareErdabrvEpyoureafpat rehrairel cafi bee cal cul ated

by the Erocgssinaﬁdesgribed with reference to Fig. 20 55 or 72 by
det er mi APRGt ARG dPRIBRIPhe MU SR eBPERUTYHRY WRt ahéd $ypRLihe

s gnathd BLXeLa by 0e 800 Ol Dol K8 SR P & LLLES! T 0N OPl T quely

calculator 702.

In step 5802, the mixture-ratio calculator 702
calculates the mixture ratib o for each pixel contained in
the mixed area based on the externally input moving

10 direction and the area information supplied from the:area
specifying unit 103. The mixture-ratio calculator 104
supplieslthe calculated mixture ratio a to the
foreground/background separator 105.

In step 5803, the foreground/background separator 105

15 extracts the foreground components and the béckground
components from the input image based on the area

'infofmation and the minure ratio a, and synthesizés fhe
foreground component image baséd oﬁ the extracted foreground
components and also synthesizes the background component

20 'image based on the extracted background components. . The
foreground/background separator 105 outputs the foregroﬁnd
component image and the background component imagé, and the
processing is completed. |

As discussed above, the image processing apparatus

25 configured as-shown in Fig. 73 is able to separate the



vector or the noving direction. That is, the m xed area in which the

f oreground object 25 conponents form ng the foreground object and the
background 2 Decenber 2005 - 158 object conponents forning t he background
obj ect are mxed in correspondence with the image dat %HECE£)§ and
the area information is output. Then, by assum ng th P reratio
indicating the ratio of the background object 5 conponents to the

f oreground obj ect components in the mixed -area changes substantially
lTinearly with respect to the position of the pixel, the mxture ratio is
estimated based on the area informati’m and the aning direction of the
foreground object. Wth this arrangenent, the m xture state 10 in the

i mge can be detected. In this case, based on the position on a segnent

whose gane.enshid Hesitioned@irdiigsforeground area consisting of only the
f oreground object conponents and the other end is positioned at the :

background afteaaG0mwest RS cfived Wt heith haekgriouwnd oebjteet aq@ponents, the
segnent traversing the mxed area, the mxture ratio of a pixe

corr esporsh Ngs (e td M b idd ofk 0Fa1dwee segrantsGaitderest itmt ed. Al so,” based
on the position on a segnent parallel to the noving direction of the
f or egr ciesliophyteed pidel Mtihe edde raf ithe alixdediaxela car rasponding to the
position on the segnent can be estimted. Further, based on the p05|t|on
on a sebmanttiohl igfuethe moving vector, or the width of the mixed
area is determined to calculate the distance from the
designated pixel to the edge of the mixed area -in the moving
direction. Hoﬁevep,.the mixture ratio can be calculated by
" the processing described:with reference to Fig. 55 or 72 by
10 determining the above~described width of the mixed érea and
the distance in any direction other than the direction
orthogonal to the motion vector or the moving direction.
For example, the mixture ratio can be calculated by the
processing déscribed with reference to Fig. 55 or 72 by
15 determining the width of the mixed area and the distance of
the designated pixei to the edge of the mixed area in the
direction parallel to the motidn vector or the moving
direction. Alternatively, the mixture ratio can be
calculated-by the processing described wifh reference to Fig.
20 55 or'72‘by determining the width of the mixed area‘and the
distance from the designated pixel to the edge of the mixed
area in a direction obliquely intersecting with ‘the motion
vectof'or'the moving direction.

That is, the mixed area in which the foreground object

‘25 components forming the-foreground object and the background



intersecting with the noving direction of t he foreground object, the
m xture ratio of a pixel corresponding to the 25 position on the segnent

can be estimated. 2 Decenber 2005 - 159 It has been described in which the

mxture ratio ais set to the ratio of the background cont ai ned
in the pixel values. However, the mxture ratio a nayzgggggpgqg§5the ratio
of the foreground conponents contained in the 5 pixel values. It has also
been described in which the noving direction of the foreground object is
set to the direction fromthe left_tosghe right. However, the noving
direction is not restricted to the above-described direction. In the above
description, a real-space image having a three-dinensional space and.tine
axis informtion is rojected onto a tinme space having a two-di nmensional
space é%@QHHﬂEOEQP§e£ﬁPoFﬁ§FFBH BheuBPrr§IZOVREeBLd 8REr areHBWESEr In t he
presentgoq$entio§ i S not &e bricted tq this exanple, and can be applied to
the fol TCWTGPERSERHnEAT 3 EatBFISnHahRE 18f SPPrSELPH oPREL EBR i n

one- di ional. space is.projected to a _small er anmoupt of second
inforng%?%ﬁ ﬁ%fgr ﬁolapnégspgﬁgP%Spag ?ndi?Yo???BﬂlﬁgnEBQFeahBy t he |
proj ect i n . GOk igpificant inf ion can _he extracted, 20
or a nn?gQﬁg%%rg?%ﬁﬁaéégggﬁg%gasgﬁ?hgg?%gd9gTﬁéggéﬁgggrPgnﬁo?gF8% ricted to

a CGp, %@ﬁpr%nQQ t@nQBBeEoE¥8§08Bd589§8&t égﬁgoﬁgn%ssgkigﬁgtﬁige&nage_
area changes substantially linearly with respect to the
poSition of the pixel, fhe mixture ratio is estimated based
on the area information and the moving direction of the |
foreground objectf With this arrangement, the mixturerstate

10 in the image can be detected.

Ih this case, based on the position'on a segment whose
one end is positioned at the foreground area consisting of
only thg foreground object components and the other end is
positibned,at the background area consisting of only the

15 background object components, the segment traversing the
mixed area, the mixture ratio of a pixel corresponding to
the position oﬁ the segment can be estimated. |

Also, based on the position on a segment -parallel to
the moving direction of the,fofeground object, the mixture

" 20 ratio. of a-pixel-corresponding to the position on the
. segment éan be estimated. |

Further, based on the position on a segment obliguely
intersecting with the moving direction of the foreground
object, the mixture ratio of a pixel corresponding torthe

25 position on the segment can be estimated.



capturing device, for exanple, a BBD (Bucket Brigade Device), a CD
(Charge Injection Device), or a CPD (Charge Primng 25 Device), or a CMOS
(Conpl enentary Metal Oxide Sem conductor). 2 Decenber 2005 - 160 Also, the
sensor does not have to be a sensor in which detectio?Dgg&hg ke
arranged in a matrix, and may be a sensor in which detection devices are
arranged in one line. A recording nmediumin which a programfor performng
5 the signal processing of the present invention is recorded nmay be forned
of a package nediumin which the programis recorded, which is distributed
for providing the programto a user ISgparately fron1the conputer, as shown
in Fig. 1, such as the magnetic disk 51 (including a floppy (registered 10
trade nane) disk), the optical disc 52 (including a CD-ROM (Conpact

Di Read 3 g 5
maz(r:\et gaopﬁﬁ ca|%&.”§{<‘°)é)é‘3%(% %r(l% tlj%élgnéqw%}ﬁ i \@{es%{l%ﬁ(r el(::glisdgt%l)ec)’r emleqte'\s rade

nane) ) ,s&f tdheciient sonduct ofn B g rHdnd TEEnSSCOL el NG i Aun Ny al so be
formed of the ROM 22 15 or a hard d?sk contalned in the storage unit 28 in

“which thiee Pi09r amised eCHseSUCIhS DAY PB4 beipdhoravi ded to
the-user while being prestored in the conputer. The steps form ng the

progr antd eglos detk i &f HEGOrth Mgy rdadd W dipyndet eXesut ethedrionatiagi cal |y
according to the 2'0 orders described in the specification. However, they
do ot piwee talures executed in a time-series manner, and they may be
executed concurrently or individually. :

It has also been described in which the moving
direcfion of the forcground object is set to the direction
from the left to the right; However, the moving direction
is not restricted to the above-described direction.

10 In the-above description, a real-space image having a
three*dimensional space and time oxis information is
projected onte a time space having a two—dimensilonal space .
and time-agis information by using a video camera. Hoﬁever,

Vthe present invention io not restricted to this example, and

15 ' can be applied to the folloﬁing’case. When a greater amount
of first information in oné;dimensional space is projected -
onto a smaller amount of second information in a two-
dimensionai space, distortion generated by the projection
can be corrected, significant information can be extracted,

éO or a more‘ﬁaturai image can‘be'synthesized.

The sensor is not restricted to a CCD, and may be
another type of sensor,.soch as a solid—-state image—
‘captﬁringhdevicc,'for example, a BBD (Bucket.Brigade Device),
a CIDl(Charge Injection Device), or a CPD'(Chaige Priming

25  Device), or a CMOS (Complementary Metal Oxide Semiconductorf.



I ndustrial Applicability 25 According to the first invention, it is
possible to 2 Decenber 2005 - 161 detect the m xture state in an inmage.
According to the second invention, it is possible to detect the m xture
state in an imge. 2 Decenber2005 - 162 CLAIMS 1. An kﬁ%ﬁﬁbﬁfﬂ&ﬁ?Sing
apparatus for processing imge data which is fornmed o? a predeterm ned
nunber of pixel data obtained by an inmage-capturing device including a 5
predet er mi ned nunber of pixels, the pixels having a time integrating
function, said inmage processing appafggus conprising: area specifying
means for- specifying, in correspondence wth the image data, a m xed area
in which foreground object 10 conponents form ng a foreground object and
background obj ect conponents form ng a background object are mixed and a
non- m k&dCar 5 PREAT0FCEST BPEghaUAItarRa 20PRRSRF ngh ofhiely  t he
foregroang ogject conponents and a background area consisting of only the
backgr otifit<6 FBEtd@SﬁﬁSﬁeﬁF@;aﬁﬁﬂHQSdniRt%r%@F%%¥o e i iRy dreans for
estinatisggS baged gn- a rg%iﬁ,of. width of the mxed area in a

predet ePiiRad 18i Facfloflelft l?%s%%%fc?ﬁ ATFOVT FRPRT et i U ofF 1Rhe

foreground 0191 P&éof:&)ﬂpémn%] iun:tl r%L(:"n Vw\@hdjfc Oaf Sr%egrrgmxef%ralb%afforming

5 the signal processing of the present invention is recorded
may be formed of a package médium in which the program is
‘recorded, which 1s distributed for providing the progﬁam to
a user separately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered

10 trade name) disk), the optical disc 52 (including a CD~ROM
(Compact Disc-Read Only Memory) and a DVD (Digital Versatile
Disc)), the magneto-optical disk 53 (including MD (Mini-

' Disc) (registered trade name)), or the semiconductor memory
54. The recording medium may also be formed of the ROM 22

15 or a hard disk contained in the storage unit 28 in which the
program is recorded, such recording medium being provided to
the user while being prestored in the computer.

Thé steps forming the program recorded in a recording
medium may be executed chronologically according to the

20 orders desqribed in the specification. However, they do not
have to be exgcutéd in a time-series manner, and‘they may be

executed concurrently or individually.

Indﬁstrial Applicability

25 - According to the first invention, it is possible to



bei ng specified by the area information, to a distance from 20 a position
of a designated pixel to an edge of the mxed area in the predeterm ned
direction, a mxture ratio indicating the ratio between the foreground

obj ect conponents and t he background object conponent f the si gnat ed
pi xel . 25 2. An inmage processing apparatus according t%E%F%WE$ﬁ?da§ Decenber
2005 - 163 further conprising notion-vector detection neans for detecting
a notion vector of the foreground object, wherein said m xture-ratio '
estimating neans detects the wdth of the m xed area and the distance from
the position 5 of the designated ﬁi}éﬂ fo the edge of the nixed area in the
nmovi ng direction of the notion vector, and estimates the mxture ratio
based on the ratio of the wwdth of the m xed area to the distance fromthe
posi ti aetefct hedeskgnated tapiexeh tad tikkgedge of the mixed area. 10 3. An

i mage processing apparatus according to claim1, further conprising

nmovi ng- di r edticonddeyetcti the neansnfioinvdetéochi nfjtt he powshpldi tection of the
foreground object, wherein said mxture-ratio estimating neans detects the
wi dt h ofetemd riheediigtezeapndattee idi sadgegfer-om t he position 15 of the
designated pixel to the edge of the m xed area in the noving direction, and
estimates the mxture ratio based on the ratio of the wwdth of the m xed
area to the distance fromthe position of the designated pixel to the edge
of the ' -



m xed area. 20 4. An inage processing apparatus according to claim 3,
wherein said noving-direction detection neans conprises notion-vector
generating neans for generating a notion vector based on the area
information and the position of the mxed area in a degignated franme and
the position of the 25 mixed area in a frame in the v?&gﬁ?WPQ%ﬁxﬁhe

desi gnated 2 Decenber 2005 - 164 frane, thereby detecting the noving
direction based on the generated notion vector. 5. An inage processing
~method for an inmage processing appafggus for processing inage data which
is formed of a 5 predeterm ned nunber of pixel data obtained by an.i mage
capturing device including a predeterm ned nunber of pixels, the pixels
having a time integrating function, said inmage processing nethod
conprising: an area specifying stepldfM8pecifying, in correspondence with
the image data, a mxed area in which foreground object conponents form ng
a foregtounfRobfet BRACCHALRYr BRPHT BB © kO T It 19 okt IRy 4 Wackgr ound
obj ect nixegvand a gon-nix d area fornmed of a foreground area

'consist%hgcaflﬁn TRRE PhragrbtnttobfERed cotiRftert’s RintFa d&dckgr ound area
consisthﬁgaof gn%; the.backgrpugd o@&e t‘..coqyo ents, and a mxture-ratio.
esti nat | S a 28t THAY T ng F bASEY ofFV 5T at 19 it dth of the. mixed
are%si“p§e8é€9§&§£Q&“§Smber of pixels, the pixels having a time
integrating function, said image processing apparatus
" comprising: |
area specifying means for specifying, in correépondence
with the image data, a mixed area in which foreground object
10 cbmponénts forming a foreground objectrand background object
components forming a background‘object are mixeﬁ and a non-
mixed area formed of é foreground area consisting of only'
the foreground object components and a background area
consisting of only the background object cbmponents; and -
15 mixture-ratio estimating means for estimating, based on
a ratio of a width of the mixed area in a predetermined
" direction with respect to a moving direction of the
ﬁoreground object coﬁpdnent, the Width of the mixed area
being spécified by the area information, to a distaﬁce from
20 a position.of a designated pixel to an edge of the mixed
area in the predetermined direction, a mi#ture ratio
indicating the ratio bétween the foreground object
.components'and the background object components 6f the
designated pixel.

25 2. An image processing apparatus according to claim 1,



direction with respect to a noving direction of the foreground object
conponent, the width of the m xed area being specified by the area
information, to adistance froma position of a designated pi xel to an edge
of the nlxed area in the predeterm ned direction, mxture ratio
indicating the ratio between the foreground object 25 e SIppeMBHi<003nd t he
background obj ect. conponents of the 2 Decenber 2005 - 165 designated

pi xel . 6. An inmage processing nmethod according to claimb5, further
conprising a notion-vector detection step of detecting a notion vector of
the foreground object, 5 wherein, id6hid nmixture-ratio estimating step,
the wdth of the mxed area and the distance fromthe position of the
designated pixel to the edge of the m xed area are detected in the noving

di rect i parfhet heom®t i OMhy 66 Ofon AL tdheadl ad i dh dd R i, esti mated based
on the ratio of the 10 mndth of the mxed area to the distance fromthe

posi ti ofleBéctifig dandonat egepioelot arderedge-aind hoixed area. 7. An
i mage processing method according to claim5, further conprising a

movi ng- di r eciHeare idetsedid arixzhee -0k tdet ectding t ihlhe mvwisngeticrest itpe of the
foreground object, 15 wherein, in said mxture-ratio estimating step, the
w dt h ofidtie of xete anieeedimrddheardi strenaki dtraomd erquosidd Qo sdft itdre
designated pixel to the edge of the m xed area are detected in the noving
diréctiQﬁLtbﬂuﬁQ$¢gmﬁhﬂdnmﬁxqﬁitpithe edge of the mixed area in the
mdving direction of the moticn vector, and estimates the
mixture ratio based on the ratio of the width of the mixed
area to the distance from the position of the designated
pixel to the edge of the mixed area.
10 3. An image processing apparatus according to claim 1,
further comprising moving-direction detection means foi
detecting the moving direction of the foreground objecﬁ,
wherein said mixture-ratic estimating means detects the
width of the mixed area and the distancg from the position
.15 of the designated pixel to the edge of the mixed area in the
moving direction, and estimates the mixture ratio based on
the ratio of the width of the mixed area to the-distanée
from the position of the desigpated pixél to,the‘edge of the
mixed area.
20 4. BAn image prodessing apparatusIaccording to claim 3,
whefein said moving-direction detection means comprises.
motionfvector generating means for generating a motion
vector based on the area information and the position of the

mixed area in a designated frame and the position of the

25 mixed area in a frame in the vicinity of the designated



estimated based on the. ratio of the width of the mixed area 20 to the
di stance from.the position of the designated pixel to the edge of the
m xed area. 8_ An image processing nethod according to claim?7, wherein

said noving-direction detection step. conprises a notignpn- vectaor. _generating
step of generating a notion vector based 25 on the aregEPﬁ?%Eﬂggpgn and the
position of the m xed area 2 Decenber 2005 - 166 in a designated frane and
the position of the mxed area in a frame in the vicinity of the
designated frane, thereby detecting,the_noving direction based on the
generated notion vector 5 9. A recording nediumin which a S
. conputer-readabl e program for processing i mage data which is forned of a.
predeterm ned number of pixel data obtained by an image-capturing device
includiﬁ@aﬁepréﬁéfépﬁiﬁ@HeﬁEhﬁ@rtbﬁ pPXeéng, dinecpixel satedi oy bhei ne
integrating function, is recorded, said 10 program conprising: an area
speci f yPREFEREBAoFCEPBRI YFRYT-in  correspondence with the i nage data, a
m xed aéea kn whi ch foreground ob%ect conmponents formng a foreground
obj ect and Ba&?@98uﬁﬁoﬁﬁgﬁﬁ?gc%ﬁﬁ Aenferf ok nihRga BERKJFOLMA obj ect are 15
m xed a n-m.xed area formed of a foreground area consisting of only
t he forgg?%ﬁ%gu%g%%gtpﬁ%ﬁ%%ﬁ%ﬂ?sl%ﬂ%eagaBﬁcgé+%%nﬁﬁa?%@?%%ﬁ%#s?ing of only
the5ﬁacgggagggrﬁph§8tn&ﬁg@?ﬂgptgingddata obtained by an image- '
capturing device including a predetermined number of pixels,
the pixels having a time integrating function, said image
processing method comprising:
an area specifying step of specifying, in
10 correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
background object COmponents_forming a background object are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
15 'background area consisting of only the background object
.components} and
a mixture~ratio eStimating step of estimating, based on
a ratio of a*width of the mixed area in a predetermined
direction with-respect'to a moving direction of the
20 foréground cbiject cgmponent, the width of the mixed area
being specified by the area information, to a.distanée from
a poSition of a designated pixel to an edge of the mixed
area in the predetermined direction, a mixture ratio

indicating the ratio between the foreground object

25 components and the background object components of the



a mxture-ratio estimating step of estimating, based on 20 a ratio of a
wdth of the mxed area in a predetermned direction with respect to a
noving direction of the foreground object conponent, the width of the

m xed area being specified by the area information, t?E% diﬁtgﬂﬁﬁ froma
‘position of a designated pixel to an edge of the mi xed” “25°qPELIR t he
predeterm ned direction, a mxture ratio - 167 indicating the ratio between
t he foreground object conponents and the background object conponents of

t he designated pixel. 10. A recording mediumaccording to claim?9, wherein:
5 said program further conprises a M5 on-vector detection step of
detecting a notion vector of the foreground object; and in said

m xture-ratio.estimating step, the wwdth of the mxed area and the .

di stancg=£{omtde pasition of the 10 designated pixel to the edge of the

m xed area are detected in the noving direction of the notion vector, and

the mgturgn rahdge iprRadd MBlehdiasp L0408 dPHD Afithe Wethhef the

m xed area to the distance fromthe position of the designated pixel to

the edgeombridendliXewd @@t vedtoll dAdaaddisigged Wateeaand ”’g to claim9,
wherein: said programfurther conprises a noving-direction detection step

-of det esdiingn thextowid@ e eRidedjrcafind i dqar,eground object; and in said
m xture-ratio estimting step, the width of the
5 wherein, in said mixtureﬂratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the.edge of the mixed area are
detectéd in the moving direction of thé motion vector, and
the mixture ratio is estimated based on the ratio of the

10 width of the mixed area to the distanée from the position of
the designated pixel to the edge of the mixed area.

7. An image processing method according to claim 5, further
comprising a moving-direction detection step of detecting
the moving direction of the foreground object,

15 | wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance from the position
of tﬁe designated pixel to the edge of thé mixed area are
detected in the moving direction, and the mixture ratio is
éstimated based on the ratio of the width of the mixed area

'20 to thé distance from the position of the designated pixel to
‘ the edge of the mixed area.
8. An'imaée processing method according to claim 7, wherein
. said moving"direction detection step,CQmprises a motion-—
vector generating step of generating a motion vector based

25 on the area information and the position of the mixed area



20 m xed area and the distance fromthe position of t he desi gnat ed pi xel
to the edge of the m xed area are detected in the noving direction, and
the m xture ratio is estimated based on the ratio of the width of the

m xed area to the distance fromthe position of the dey i-xel to
the 25 edge of the m xed area. 2 Decenber 2005 - 168 §}%ggﬁbgg§gbding

medi um according to claim1l, wherein said noving-direction detection step
conprises a notion-vector generating step of generating a notion vector
based on the area information and tf? position of the mxed area in a

desi gnated frame and the position of fie"mixed areain a frame in the
vicinity of ‘the designated franme, thereby detecting the noving direction
based on the generated notion vector. 13. A programfor allow ng a

conput eint hatlepiguessdsfiramgeandathewhbehtiisnf of nele ofii gedr£cked et ned
nunber of pixel data obtained by an image-capturing device including a

pr edet eemfRa@eninbeheofipinreks, ofhehpi debsghavedgfaane pethéntlegr at i ng
-function, to execute: an area specifying. step of specifying, in 15

cor r espBREBREENY Ehet hevinageidachion hitked anebhé noehéchted oregraund

obj ect congonents form ng a foreground object and background obj ect
conponelfS*Pbrm ng a background object are mixed and a.non-mi xed. area

formed gf a foregrgund area consisting of only the foreground object
ng? énae% rding medium in which a computer-readable program

conponents
for processing image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of pixels, the pixels
having a time integrating function, is recorded, said
10 program comprising:
an area s?ecifying step of specifying, in
correspondence with the image data, a mixed area in which
foreground objedt components forming a foreground object and
background object components forming a background object are
15 nmixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components;and a
“background area consisting of only the backgrognd object
components; and
a mixture-ratio estimatingAstep of estimatiﬁg,-based on
20 a ratio of ‘a width of the mixed area in a predetermined
_directioh with respect to a moving direcfion of the
rfofeground object component, the width of the mixed area
V‘being specified by the area information, to a distance from
a position of a designated pixel to an edge of the mixed

25 area in the predetermined direction, a mixture ratio



20 background area consisting of only the background object conponents;
and a m xture-ratio estimating step of estimating, based on a ratio of a
width of the m xed area in a predeternmined direction with respect to a
noving direction of the 25 foreground object conponent DEQ&nM@#qusof the
m xed area 2 Decenber 2005 - 169 being specified by t%e area’inrormation,
to a distance from a position of a designated pixel to an edge of the
mxed area in the predeterm ned direction, a mxture ratio indicating the
rati o between the foreground object conponents and the background obj ect
conponents of the designated pixel 16¥4- A programaccording to claim 13,
further conprising a notion-vector detection step of detecting a notion
vector of the foreground object, 10 wherein, in said mxture-ratio

est i Mating &ehg e Ml Rfedde MiedAeaand bhgedistance fromthe
position of the designated pixel to the edge of the m xed area are

det ect edbnigbddifc MMANGHH REKHARBD I b o8 Iompeeehds, o@Ndhet he m xture
ratio is estimated based on the ratio of the 15 width of the m xed area to

t he di stearigmatteaingtibeiposi ti on of the designated pixel to the edge of the
m xed area. 15. A program according to claim 13, further conprising a
novi ng-idi.r et immrcdetiect in@nl iste @ oofo rddinec tiong 1ialien Wpvivhgrednrecti on of the
f oreground obj ect, -
5 said program further comprises a motion-vector
detection step of detecting a motion vector of the
foreground cbhject; and
in said mixture-ratiec estimating step, the wiath of the
.mixed.area and the distance from the position of the
10 designated pixel to the edge of the mixed area are detected
_inlthe moving direction.of the motién vector, and the
mixture ratio is estimated based on the ratio of the width
of the ﬁixed area to the distance from the position of the
designated pixel to the edge of the mixed area.
15 11. A recording medium according to claim 9, wﬁereih;
said program further Eomprises a moving-direction
detection step of detecting the moving direction of the
- foreground object; and
in said mixture-ratio estimating stép, the width of the
20 mixed area and the distance from the poéition of the
designated pixel to the edge of the mixed area are detected
in'the moving direction,.aﬁd the mixture ratio is‘estimated
based on the ratio of the width of thejmixed_area to tﬁe

distance from the position of the designated pixel to the

25 edge of the mixed area.



‘area 25 to the distance fromthe position of the desi

20 wherein, in said mxture-ratio estinating step, the width of the m xed
area and the distance fromthe position of the designated pixel to the
edge of the m xed area are detected in the noving direction, and the

mxture ratio is estimated based on the rati o of thegﬁtpth f g m xed
Eheinfitr 8, 0 5

Decenber 2005 - 170 the edge of the m xed area. 16. A program according to
claim 15, wherein said noving- direction detection step conprises a :
notion-vector generating step of gefgéaiing a notion vector based on the
area information and the position of e mxed area in a designated frane
and the position of the mxed area in a frane in the vicinity of the
designated frame, thereby detecting the noving direction based on the
gener at @d .nodi opcovdthgr medDud7acAordimgetoapl aimnyl appacatis sangri si ng:
i mge-capturing neans for outputting a subject inmage captured by an
i mage- capvéngndideviteni detadihgnastppedenpridasds . moubbervectopi xel s, the
pi xel s having a tinme integrating function, as image data forned of a 15
pr edet egpPREdthDAbBESDf Opi Nehedatangaremospeei Y§¢hor npansdfer theci fying,
in correspondence wth the inage data, a m xed area_in which foreground
obj ect 2&BApOREATEF PRI AR atROrBYFbLAER 0B eEhe dRKPACKHPBURE Bbj ect
conmponent s . form ng _a background object are m xed and_a non-
5 designated frame and the position of the mixed area in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
13. A program for allowing a computer that processes image
10 data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:
an area specifying. step of specifying, in
15 - correspondence with the image data, a mixed area in which
.f0regroundlobject components forming a foreground object and
- backgrﬁund object components forming a-background object are
-mixed.and a non—-mixed. area formed of a foreground area
consisting of only the foreground'object components and a
.20 A:background area consisting of only the background object
components; and
a mixture-ratio estimating step of estimating, based on
a ratio of a width of the mixed area in a predetermined

direction with respect to a moving direction of the

25 foreground object component, the width of the mixed area



200 m xed area forned of a foreground area consisting of only the
f oreground object conponents and a background area consisting of only the
background obj ect conponents; and mxture-ratio estinmating neans for

estimating, based on a ratio of a width of the m xed et.erm ned
25 direction with respect to a noving direction of thgég%E%ﬁ%%§@§g2005 171
f oreground object conponent, the width of the m xed area being specified
by the area information, to a distance from a position of a designated

pi xel to an edge of the mxed area in the predeterm ned direction, a

m xture ratio 5 indicating the rattdéfetween the foreground object
conponents and the background object conponents of the designated pixel.
18. An inmage-capturing apparatus according to claim 17, further conprising

Mot | ON-YELAGT s St BELd @M EaS { o 10, ASLECtidNg, & dof | P MEGIOTEQf, the

foreground object, wherein said mxture-ratio estimating neans detects the

width of phe; ixedareaantmidedistanced ramddie ROSidddm i the
designated pixel to the edge of the m xed area i'n the noving direction of

the notaosm vacteie prshesdinmias dhedbida Xtdng 4aldo Lased on the ratio of
the wwdth of the mxed area to the distance fromthe position of the

desi gnatrmetii cqi e} tioe tdec erlgeeofediherid xetk dafeaindl SbiAtd mage- capt uri ng
apparatus according to claim 17, further conprising noving-direction
detéctiQﬂmpmnﬂuté(nnd the background object components of the
designated'pixél.
14. A program according té claim 13, further comprising a
motion-vector detection step of detecting a motion vectof of
fhe foreground object,

10 wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance f:om-the position
'of the designated pixel to the edge of the mixed area are
detected in tﬁe moving direc£ion of the motion vector, and
the mixture ratio is estimated based on the ratio of the

15 width of the mixed area to the distance from the positioﬁ of
the designated pixel to the edge of the mixed area.
15. A program'accbrding-tO'claim 13, further cbmpriéing a
moving—diréction detection step of detecting the moving
direction of the foreground object,

20 wherein, in said mixture-ratio esfimating step, the °
width of the mixed aréa and the distanée from the pOsitioﬁ'
of the designated piﬁel to'the edge of the mixed area are
detected in the moving direction, and the mixture ratio is
estimated based on the ratio of the width of the_mixed area

.25  to the distangelfrom the position of the designated pixel to



20 detecting the noving direction of the foreground object, wherein sai d
m xture-ratio estinmating neans detects the wdth of the m xed area and the
di stance fromthe position of the designated pixel to the edge of the
“mxed area in the noving direction, and estinmates the TjétUéq_' i 0o based
on 25 the ratio of the width of the mixed area to the Qi-StEAEE cenber
2005 - 172 fromthe position of the designated pixel to the edge of the
m xed area. 20. An inmage-capturing apparatus according to claim19,
-.wherein said noving-direction detegt'Qg_geans conprises 5 notion-vector
generating neans for generating a notion vector based on the area
information and the position of the mxed area in a designated franme and
the position of the mixed area in a frame in the vicinity of the
‘desi gnatt@@ efpgnef therwbyedereering the noving direction based on the 10
generated notion vector. 21. An inage processing apparatus for processing
image diPa GhPERIFENi BFREEIGRIatPr EHREEr APnedhatrber seidphselngat a o
obtaineg%bé an.ingge-capturing devi ce including a predeterm nednunber of
pi xel s, HLRECHLREI SCREGEAGRaSEPReCIBPT AE8Fr at PAGLPONEEFBAr said i mage -
processing aggaratug coEprising;. area s ecifying means for outputting
area i nPormatioHusedPrBF 9pBEFEVTRG, @i ROLOPRelpDRBENRRsed on the
5 area information and the position of the mixed area in a
designated frame and the position of the'mixéd area in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
- 10 17. An image-capturing apparatus comprising:
image-capturing means for outputting a Subject image
captured by an image—capturing device including a
predetermined_number‘of pixels, the pixels having a time
integrating function, as image data formed of a
15 predetermined number of pixel data;
-area specifying means for specifying, in correspondence
with the image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed and a non-
20 mixed area formed of a'foreground area consisting of only
the foreground object components and a background area
consisting of only the background object components; and
mixture-ratio estimating means for estimating, based on

a ratio of a width of the mixed area in a predetermined

.25 direction with respect to a moving direction of the



a mxed area in which foreground 20 foreground object and background
background object are m xed; and object obj ect with the inage data,
conponents form ng a conponents formng a m xture=ratio estinmating neans
for estimating a m xture ratio indicating the ratio sztd?a%erfnﬁér 0%und
object conponents and the background object conponents T tnée mXxed 25
area based on the area information and only a noving direction of 2 ,
Decenber 2005 173 the foreground object by assumng that the m xture ratio
changes substantially linearly with respect to a position of the pixel.
.22. An i mage processing apparatus dddording to claim21, 5 wherein said
m xture-ratio estinmati ng neans estinmates, based on a position on a segnent
whose one end is positioned at a foreground area consisting of only the

f or egr ot acd orippoOneiio it | hthothiettrendh ithgesiddonaedat a
background area consisting of only the background object conponents, 10

t he sedwmeinig tsmavet Si ety Hyhettd xackaariesfotreet It wee a atiisacavice thempi xel
corresponding to the position on the segnment. 23. An inage processing
appar ataupegicorah mef to ddsgignddBd pixel to an edge of the mixed

area in the predetermined direction, a mixture ratio
5 indicating the ratio between the foreground object

components and the background object components of the
designated pixel.
18. An image-capturing apparatus according to claim 17,
further comprising motion-vector detection means for

10 detecting a motion véctor of the foreground object,
| wherein said mixture-ratio estimating means detects.the
width of the mixed area and the distance from the position
of the designated pixel to the edge_of the mixed area in the
moving direction of the motion vector, and estimates the

15 mixture ratio based on the ratio of the width of the mixed
area ‘to the disténce from the position of the designated
pixel to the edge-of the mixed area.
19. An image-capturing apparatus according to claim 17,
further comprising moving-direction detection means for

20 detecting the moving direction of the foreground-object,

| wherein said mixture-ratio estimating means detects the

width of the mixed area and the distance from the position
of the designatedrﬁixel to the edge of‘the mixed area in the
moving direction, and estimates the mixfure ratio based on.

25 the.ratio of the width of the mixed area to the distance'



mherein .said mxture-ratio estimating neans estinmates the mxture ratio
of the pixel corresponding to the position on 15 the segnent based on the
position on the segnent parallel to the noving direction of the foreground

object. 24. An image processing apparatus according to,HaLMnéceogatherein
said mxture-ratio estimating neans estinmates the mxture ratio of the

pi xel corresponding to the position on 20 the segnent based on the position
on the segnent obliquely intersecting with the noving direction of the
foreground object. 25. An inage processing nethod for processing inage
data which is formed of a predetertii®ed- nunber of pixel data 25 obtained
by an i mage-capturing device including a - 174 predeterm ned nunber of

pi xel s, the pixels having a time integrating function, said inage

Pr 0Ces s tdh Mald14th s COTAI I Nihe AL SRPGUIMING SUHER AUl HNG ar ea

information 5 used for specifying, 1n correspondence wth the inage data,
a m xeGniaead dreavhi ch foreground object conponents formng a foreground
obj ect and background obj ect conmponents form ng a background object are

m xed; 20nd & Kidfe-daptud RS PB4 Mo eR-QfrBsly Wat kg ia Moxture 10
ratio indicating the ratio of the foreground object conponents and the
backgr eledreah) ectid aydmepidd Het tike ottt idemdbasedonprikesar ea
information and only a noving direction of the foreground object by
assum my tila-veltdori gemesartdnigo means for generating a motion
vector based on the area information and the position of the
mixed area in a designated frame and the position of the |
nmixed area in a frame in the vicinity of the designated
frame, thereby detecting the moving direction based on the
10 générated motion vector. |
21 ; An image processing apparatus for processing image data
which is formed of a predetermined number of pixel data-
obtainéd»by an. image—capturing deviée including a
predetermined number of pixels, the pixeis having a time
iSZl‘integrating function, said imagefbrocessing apparatus
comprising:.
- area specifying means for outputting area information
-ﬁsed for specifying, in correspondence with the imagé daté,
a mixed area in which foreground object Componenté forming a .
20' . foreground object and background object'coméonents forminé a
backgrdund object are mixed; and |
mixture‘ratio estimating means for estimating. a mithre
ratio indicating the ratio of the foregrouﬁd;object
components and the backg#ound objecf components in the mixed

25 area based on the area information and only a moving direction of -



changes substantially linearly with respect to a position of :15 the
pi xel . 26. An. inmage processing nethod according to claim25, wherein, in
said mxture-ratio estinmating step, based on a position on a segnent whose

one end is positioned at a foreground area consisting,pf on
f oreground obj ect 20 components and the. other end isg%gﬁF?P%%gﬁagt a

background area consisting of only the background object conponents,

t he. segnment  traversing the mxed area, the mxture ratio of the pixel
corresponding to the position on the.. segnent is estimated. 25 27.. An
i mage processing met hod according:~tb’Zlaim26, 2 Decenber 2005 - 175
wherein, in said mxture-ratio estimating step, the mxture ratio of the
pi xel corresponding to the position on the segnent is estinmated based on

the posthboRoPEgtHengeaRatt Bl akkehihs ther mMowkngi gdifiestopiof the
foreground object- 28. An inmage processing nethod according to claim 26,

. wher ei BhahfeSabb St XAl L1 1Pt i Onestiyodifg Sé8&Pect heo M Xposeris@atdo of the
pi xel corresponding to the position on the segnent is estinmated based on
t he posthéopioalthe segnment obliquely intersecting with the noving
direction of the 10 foreground object. 29. A recording nediumin which a
conput e22r eastabimags ograne s § Dng pappassting acmged tadataheThims2f or ned of a
predeterm ned nunber of pixel data obtained by an i mage-capturing device
5 ° wherein said mixture-ratio estimating means estimates, based
on a position on a segment whose one end is positioned at a
foreground area consisting of oniy'thé foreground object
cbmponents and the other end is positioned ét a background
area consisting of only the background object components,
i0 the segment traversing the mixed area, the miiture ratio of
.the pikel corresponding to the position on the segment.
23. An image processing apparatus according to claim 22,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixél corresponding to the position on
15 the segment based on the position on the segment pafallel to
the moviﬁg direction of the foreground object. |
24, An image processing apparatus accerding to claim 22,
wherein said ﬁixture—ratio estimatiﬁg meéns estimates the
mixture ratic of the pixel corresponding'to the position on
'QQ the segment based on the position on the éegment‘obliquely
‘interSeéting with‘the méving direction of the foreground
- object.
25, An image'processing method for-processing'image data

which is formed of a predetermined ﬁumber-of—pixel data

25 obtained by an image—capturing device ihCluding a



i ncludjng a predeterm ned nunber of pixels,. the pixels 15 having a tine

i ntegrating function, is recorded, said program conprising: an area

speci fying step of outputting area information wused for specifying, in .
correspondence with the, inmage data, a mxed area in %@Eﬁanﬂaf gouhd
obj'ect components form ng a 20 .foreground object-and background obj ect
conponents form ng a background object are m xed; and. a mxture=ratio
estimating step of estimating a mixture ratio indicating the ratio of the
foreground. object conponents and the background object conponents in the
m xed 25 area based on the area infdfati on and only a noving direction of
2 Decenber 2005 176 the foreground object by assum ng that the m xture
ratio changes substantially linearly with respect to a position of the

pi xel . phedéréptinad ngmime W aocad Nt whalm v werLeithndn 5 said

m xture-ratio estimating step, based on a position on a segnent whose one
end i s posedratbsy afurectsegraunt afRfe messtidg eyl y the

f oreground: obj ect conponents and the other end is positioned at a

backgr ocerpaieengonsi sting of only the background object conponents, the
segnent 10 traversing the m xed area, the mxture ratio of the pixel
correspondi A terechepposifyiion etephefsegipnt tingesirieantiedormdtion recor di ng
medi um according to claim30, wherein, in said mxture-ratio estinmating
steé, theed 5@ xrrectivdirgf. tife correspondence with the image data,

a mixed area in which foreground object components forming a
fofeground object and background quect-componenfs forming a
background object are mixed; and
a mixture-ratio estimating step of estimating a mixture
10 ratio indicating the ratio of ﬁhe foreground obhject
components and the background object components in the_mixed
area based on the area information and only a moving direction of
the foregréqnd 6bject by assuming that the mixture ratio
changes substantially linearly with respect to a poéition of
15 the pixel. |
26. ‘An.image processing method according te claim 25,
wheﬁein, in said-mixture—ratid estimating step, based on a
position on a segment whose one end'is'positioned at. a
.fdreground area_consisting of only the fqreground object
Zb components .and the other end is positioned at a background
area qﬁnsistingiof only the background objeptfcomponents,
the.segment tfaﬁepsing the mixed aréa, the mixture ratio of .
the pixel‘corresponding to the position on theuSegment.is
estimated,

25  27.. An image processing method according. to claim 26,




. pi xel .corresponding to the position on the segnent is 15 estimated based
on the position on the segnent parallel to the noving direction of the
foreground object. 32. A recording nedium according to claim30, wherein,

in said mxture-ratio estimating step, the mxture rati.o of t pi xel
corresponding to the position on the segnent is 20 est'Hﬁ?@@bﬂgggﬁ on the
position on the segnent obliquely intersecting with the noving direction
of the foreground object. 33. A programfor allow ng a conputer for
processing imge data which is fornmed of a predeterm ned nunber of pixe
data 25 obtained by an inage-capturimg device including a 2 Decenber 2005
- 177 predeterm ned nunber of pixels, the pixels having a tine
integrating function, to execute: an area specifying step of outputting

area i tjo sed. for_.specifying, ip.correspopdence, with the inmage
dat a, é alrgranidXe na;!'sea‘alcl1 Ay ?"(E:) efroarqélgr o%%gl%% (-1 %gﬁﬁong]ﬂ?smFﬁ Hfig a
f or egr qupd phject;, ckayound, obl nents.formng a, background
obj ect are nixeg%E§E§J§§h$§%ure- éﬁ%ﬁ&%sﬁgggﬁ? O%%éﬁogfogs Pﬁating a

M XU g 10 Jadisiald\od 15 I Ofnd 5o d PE €65 04RO b gl 10 cOMPONENt s

and t he background object conponents 1 n the mxed .area bas on the area

i nf or Mpdairen 131d Nl hed dBRMIRY i FECti NN OF ,tﬁ.@eféfé.@ggwﬁe&doﬂﬂaset. by
assuming that the mxture ratio changes substantially linearly wth
respect28t.o anpasalgeOprofcessing method according to claim 26,
.Wherein, 'in said mixture-ratio estimating step, tﬁe mixture
ratio of the pixel corresponding to the position on -the
segment‘is estimated based 6n the position on the segment
obliquely intersecting with the moving direction of the
10 foreground object. |
29, A :ecording medium in which a computer-readable program
for'prbcessing.image data which is formed of a predetérmined
_number of pixel data obtained by an image-capturing device
including a predetermined number of pixels,. the pixeis
‘15 hévigg a time'integrating function, is recorded, said
program comprising:
gn,area specifying étep of outputting area infofﬁation
used for specifyinq, in correspondence with the image data,
a ﬁixed area in which foreground eobject components forming a
Qd _foreground object.and background object components forming a
background object are mixed; and. |
. a mixtureératio estimating step of estimating a mixture
: ratio indicating the ratio of the foreground object
components and tﬁe background object components in the mixed

23  area based on the area information and only a moving direction of



the pixel. 15 34. A program according to claim 33, wherein, in said
m xture-ratio estinmating step, based on a position on.a segnent whose one
end is positioned at a foreground area.. consisting of only the foreground
obj ect conponents and the other end is positioned at a hask@eoroud area
consi sting of 20 only the background object conponents, the segnent .
traversing the m xed area, the mxture ratio of the pixel corresponding to
the position on the segment is estimated. 35. A program according to claim-
34, wherein, in said mxture-ratio. sh%qpting step, the mxture ratio of

the 25 pixel corresponding to the gbs tion on the segnent is 2 Decenber
2005 - 178 estinmated based on the position on the segnent parallel to the
novi ng direction of the foreground object. 36. A program according to claim
34, whetkéenforegsaimd obkéat ey als Durebhd netangtist epixtimee Mxtiwe rati o of

the 5 pixel corresponding to the position on the segnent is estinmated

based onh&hgeposibsormomlie Segmenty obl tyuetspedint e seqposgtivn P f he

moving direction of the foreground object. 37. An inage-capturing

appar at tBecphpel si ng: 10 i nmge-capturing neans for outputting a subject

i mage captured by an inmage-capturing device including a predeterm ned
nunber 3% - pi XeFRCOFHE G| RRA UM AFFRFERT ne® FHEYrat i MPexMERi o as i nage

dat% formed of a , . . L
sald mixture-ratio estimating step, based on a position on a

segment whose one end is positioned at a foreground area
consisting of only the foreground object components and the
other end is positioned af a background area consisting of
only the background object components, the segment
10 traversing the mixed area, the mixture ratio of the pixel
corresponding to the position on the segment is estiﬁéted.
31. A recording medium according to claim 30, wherein, in
said mixture-ratio estimating step, the mixture ratio of the
.pixel corresponding to the position on the segment is
15 'esfimated based on the position on the segménf parallel to
the moving direction of the foreground object.
32. A recording medium according to claim 30,_wherein,_in '
said mixture-ratio estimating step, the mixture ratio of the
pixel corresponding to the position on the segment is
20 estimated bésed on_the position on the,segment obliquely
intersecting with the moﬁing direction of the foreground
iject. |
733. A program for allowing a computer for processing image
. data which is formed of a predetermined number of pixel data

25 obtained by an image—capturing device including a



predeterm ned nunber of pixel data; 15 area specifying means for outputting
area informati on used for specifying, in correspondence with the inmage
data, a mxed area in which foreground object conponents formng a
f.oreground object and. background object conponents fobHJagmBer RB&KIr ound
object are m xed;- and 20 m xture-ratio estimting neans for estinmating a

m xture ratio indicating the ratio of the foreground object conponents and

t he background object conponents in the m xed area based on the area
information and only a noving direction of the foreground object by
assuming that the mxture ratio 25 chdiddes substantially linearly with
respect to a position of 2 Decenber 2005 - 179 the pixel. 38. An

i mage- capt uring apparatus according to claim37, wherein said :

m Xt ur e pabdetesii 184! AUnBRANG £OpLLANLES hRARILL1NHE AN LI QixQN @ Segient
whose one end is positioned at a 5 foreground area consisting or only the

f or egr oubdtegratingconponeshs asdekBeuekher end is positioned at a :
background area consisting of only the background object conponents, the

segnent travessiampd hepen xeyl vy estep hef Hutpie 184 ordf 1A FSrdi &8n
corresponding to the position on the segnment. 10 39. An i nmage-capturing
appar at UsSef cbedli speebfyimgm 88, conhespondenid WixhUtRe! dhh§eeghtgnting
means estinmates the mxture ratio of the pixel corresponding to t he
posi Pi o gk *ethea By nentwivhelk df@negheundsibj ent osohpensegsens rnpagl del to
foregrodnd object qnd background object components forming a
background object are mixed; and
a mixture-ratio estimating step of estimating a mixture
ratio indicating the ratio of the foreground object
10 éomponents and the backg;ound object compénents in the mixed
,._area based on the area information and only a moving direction of
1 the foreground object by assuming that the mixture ratio
changesisubstqntially linearly with respect to a position of
the pixel. | |
15 34. A p;ogram according to claim 33, wherein, in said
mixture—ratio'estimating-step, based on.a position on. a
»seéyent whose one end is,positioned at a foreground area
consisting of only the foreground object components and the
~other end is positioned at a background érea consisting of
20 only the background\bﬁject components, the segment
traversing the-mixed areé, thermixture ratio of the pixel
-corresponding to the position on the segment is estimated.
3$. A program according to claim 34, wherein, in said.
mixture-ratio estimating step, the mixture ratio of the

25 pixel corresponding to the position on the segment is



the nmoving direction of the foreground object. 15 40. An inmge-capturing
apparatus ‘according to claim 38, wherein said mxture-ratio estinmating
means estimates the mxture ratio of the pixel corresponding to the
position on the segnent based on the position on the EQQ% iquel y
intersecting with the noving direction of the foregrou% , g%gg?g¥?.
ABSTRACT  An object of the present invention is to nmake it possible to
detect the m xture state of an inmage. An area specifying unit 103
specifies, in correspondence with ina%e ‘data, a mxed area in which

f oreground object components formingla8foreground object and background
obj ect conponents form ng a.background object are m xed and a non-m xed
area forned of a foreground area consisting of only the foreground object
conponentstandtadbpakgaovndtheegos§0MNSHS bhngnef s@@wn'&h%abaﬂgmouad obj ect
conponents. A mxture-ratio calculator 104 estimtes, based on the ratio
of the wtbhéhmotitbeditrzedianeari tha poedgienAinesjditection wth respect
to the noving direction of the foreground object, the width of the m xed
area bei 9. spacpfogdabyatherdangatonEbaimt Bon, wherébe, distanga from the
position of a designated pixel to the edge of the m xed area in the

pr edet erd-pedreiratie opstihet gt sitepr athe nikltenti ngtideof the

5 pixel corresponding to the position on the segment is
estimated_based.on the position on the segment obliquely

intersecting with the moving direction of the foreground

object.
- 37. An. image-capturing apparatus comprising:
10 image-capturing means for outputting a subject image

captuted bf an image-capturing device'inéluding a
predetermined number of pixels, the pixéls.having a time
integrating function, as image data formed of a
predetermined number of pixel data;
15 . area specifying means for outﬁutting area information
used for specifying, in correépondence with the image data,
a mixed area in which foreground object components forming a
foreground object and. background object components forming a
backgrohnd object are mixed; and
_ édf . mixture-ratio estimating means for estimatiﬁg a mixture
rafio indicating the ratio of the foreground object
'.COmpbnents and the background object components in the mixed
' area:baﬁed on the area information and only a moving direction of
the'foreground‘object by assuming that the mixture ratio

25 changes substantially linearly with respect to a position of



ratio of the foregrou'nd obj ect components and the backgr_ound obj ect
conponents of the designated pixel. The present invention is applicable to
an i mage processing apparat us.
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the pixel.
38. An iﬁage—capturing apparatus accofding forclaim 37,
wherein saild mixture-ratio estimating means estimates, based
on a.position on a segment whose one end is positioned at a
5 fpreground area consisting of only the foreground object
components and the other end is positioned at a background
_'areé consisting of only thé background objeqt components,
the segment traversing the mixed area, the mixture ratio of
the pixel correspbnding to the position on the segment.

10 39. An image—capturing apparatus according to claim 38,
wherein said mixture-ratio estimatihg means estimates the
mixture ratiofdf the pixel corresponding-to ﬁhe pesition oh
the ;egmeﬁt based on the position on the segment parallel to
the moving direction of the foreground object.

15 40. An image;cépturing,apparatus éccording to claim 38,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixel corresponding to the position on
thé segment baéed on the position on the segment obliguely
intersecting with the moving direction of the'foreground

20 object.
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ABSTRACT
An object of the present invention is to make it

possible to detect the mixture state of an image. An area
specifying unit 103 specifies, in correspondence with image
data, a mixed area in which foreground object components
forming a foreground object and background object components
forming a background object are mixéd and.a non-mixed area
formed of arfqreground area consisting of only the
fofeground object components and a background area
consisting of only thé background object components. A
mixture—ratio calculator 104 estimates, based on the ratio
of the width of the mixed area in a predetermined direction
with respect to the moving direction of the foreg;bund
object, the width of the mixed area being specified by the
area information, to the distance from the position bf a
designated pixel to the edge of the mixed area in the
predetermined direction, the mixture ratioc indicating the
ratio of the foreground object components and the background
object components of the designated pixel. The present

invention is applicable to an image processing apparatus.



