22 Decenber 2005 R - 1 DESCRIPTION | MAGE PROCESSI NG APPARATUS AND METHOD
Technical Field 5 The present invention relates to image processing. .. ..
appar atuses and nethods, and nore particularly, to an i nag® D&embesegss ng
apparatus and nmethod for separating in real tine a captured image into a
-foreground conponent inage.and a background conponent inmage and for ,5
performng real-tinme FlOnotion-blur processing of the foreground conponent

i mge. Background Art Technol ogy for, processing captured i nmages has J
gradually becone popul ar and wi dely used. 15 Hitherto, notion blur that’
ari ses when two different -inmages are conbi ned or when an image of a noving
subject is captured is elimnated by separately conbining the inages

after the i mages have been captDESSIRIGTION elim nating the notion blur. 20
In the latter case, that is, when the inage of the noving subject is

capt ur@AGE HRQCESS INGABRARAYFS AND MERHAhg. in real time notion blur that
arises due-to"the :notion. Specifically, for exanple, as shown in Fig. 1A,
when an i mage of a subject swinging a golf club is captured, .25 a

di spl aygd,d:mmge gnelydes a blurred golf club due to the " 272 DEC 2005

5 ' 'The present invention re;étes to image processing
apparatuses and methods, and more particularly, to an image
processing apparatus and method for sé;érating in real time
a captured image into a foreground component image and a

background component image and for performing real-time

plOf motion-blur processing of the foreground component image.

Background Art
Technology for processing cabtured images has gradually
become popular and widely used.

15 ‘Hitherto, motion blur that arises when two different
images are combined or when an image of a moving subject is
captured is eliminated by‘éeﬁérately combining the iméges
after the images have been captured or by eliminating the

' "motion blur. ) | . , |

%20 In the latter case, that is, whenithé image of the
moving subject is captured, there is a ﬁethod for
eliminating in real time motion blur that arises due to the
motion. S?ecifically, for example, as shown in fig. 1a,
when an image of a subject swinging a golf club is capturedf

25 a displayed image includes a blurred golf club due to the



- 2 notion of the golf club. The effect that arises when such a blurred
image is displayed is the so-called notion blur- In order to -E%g%e 't he
notion blur in'real tine, as shown in Fig. 1B, one possible mét s a
hi gh-speed 5 canera to capture an inage. Wien an inmage is captured by the
hi gh- speed canera, the amount of |um nance at the time the image is
captured is insufficient (since one shutter period is short, the anount of
light obtained is small, and hence, the lum nance is insufficient). The
subj ect needs to 10 be irradiated with special intense light, or, as shown
in Fig. 2, irradiated with a flash of intense light at the sane tinme as
the shutter is pressed, and an inage of the subject needs to be captured
by the' hbghespeedtsangoar tbubhe faregeiragrnehhedarthesi pmeg subhhgsis
processing 15 cannot be perforned in real tinme. In the synthesis

- processbhgrrefl ihage is dbsphagedngedeHef eb-syntbasinsrian bigege nMust again

be captured at the same place- There is a nmethod for performng the

mot i on- bl ur Xt iowdwt i on of ocessteaigthé moeabn thmer ForrexXhanplme, capt uri ng an
image of a wild 20 animal at night for the purpose of ecol ogical

obser vathew imihggt hkBf opegopngs el hodehydf nsght enhigb-wpeddani mal , whi ch
is the subject, since the foregoing nethod involves using intense

| i gt | NEPMRE2 at? eSPEUTE hal nhitagal e€bebgyn AmggAoisheapbveededy 25 22
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the high-speed camera, the amount of luminance at the time

the image is captured is insufficient (since one shutter
period is short, the amount of light obtained is small, and

hence, the luminance is insufficient). The subject needs to

f‘..(.:.?10_ be irradiated with special intense light, or, as shown in

Fig. 2, irradiated with a flash of intense light at the same
time as the shuttgr is pressed, and an image of_the subject
needs to be captured by the high-speed camera.
In the foregoing method, the image synthesis processing
15 cannot be performed in real! time. In the synthesis
'processing, if there is no}image needed for synthesis, an
-image must again be capturéd at the same place. There is a
method for performing the motion-blur elimination processing
in real time. For example, capturing an image of a wild
20 animal at night for the purpose of ecological observation
using the foregoing method may frighten the wild animal,
which is the.subféct, since the foregoing method involves
usingrintgnse lighting. As a result, the natural_edology
may not be observed. |

25
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Di scl osure of Invention Exanpl e enbodi nents of the prﬁig?t'iﬁve i.on may
achieve in 5 real tine synthesis processing and noti of*® CGPMaY ment
processing in processing an inmage. According to a first aspect of the
invention, there is provided an imge processing apparatus conprising:

i nput nmeans for inputting inmage data which is fornmed of a predeterm ned
nunber 10 of pixel data obtained by a predeterm ned nunber of inmage-
capturing devices including pixels, the inmage-capturing -devices each
having a tinme integrating function; m@tore-ratio estimting neans for
estimating a m xture ratio for a mxed area in the imge data input from
the i nput nmeans, the m xed area including a 15 m xture of foreground object
conponents form ng a foreground object of the i mage data and background
obj ect conmponents form ng a background object of the inmage data;

separatiqﬂﬁgggggfithIﬁggg{f&ing inreal tinme, on the basis of the mxture
ed by

rati o estinmat the mXxture-ratio estinmating nmeans, the inmage data 20 .

i nput from theginpuie GRBSiAdHS 3¢F PREAS.QuAd cogpanant, h gﬁ:t}ife(?rren?ﬁl of the

f oreground object conponents form ng the foregroun object of the I nmage

data gnd yaabaekgs %@h@@ﬂ@%l%tesgﬂﬁ«%%ﬁ@mgon%l&rh%d?m&und obj ect
(0]

conponents form ng the backgroun ject of the inmagée data; and storage
means fofpreteksng iih beateddinRy bheimbye? 2 DEC 2005 - 4 foreground

conponent image and the background conponent inage, which are separated by
t he separati oncomedisigThe & nBiget REPEESSIM@happaraitisniayhézd tiker i cl ude
provided an image processing apparatus comprising: input means
for inputting image data which is formed of a predetermined number
10 of pixel data obtained by a predetermined number of image-
o capturing devices including pixels, the image-capturing devices
each having a time integréting function; mixture-ratio estimating
means for estimating a mixture ratio for a mixed area in the image
data input from the input means, the mixed area including a
15 mixture of foreground object components forming a foreground
object of the image data and background object components forming
a background iject of the ;mage data; separation means for
separating in real time, on the basis of the mixture ratio
estimated by the mixture-ratio estimdting means, the image data
20 input from the input means intc a foreground component image
formed of the foreground object components forming the foreground
object of the image data and a background cdmponent image formed
of the background object components forming the background object

of the image data; and storage means for storing in real time the

25



i mge-capturing neans for capturing an inmage which is formed 5 of the inmage
data fornmed of pixel values determned in accordance with the intensity of
light formng the image which is integrated with respect to ti & DEC Q805h
pi xel by the predeterm ned nunber of image-capturing devices for :
converting the light formng the inage into electrical rrrr.|l~10 charge and
integrating with respect to tinme the electrical au charge generated by the
phot oel ectric conversion The i nmage processi ng apparatus-may further include
i mage- capturing conmand neans for gTv?ng a command to the inmage-capturing.
means to capture the inmage; and image 15 capturing billing nmeans for
executing billing processing in response to the command fromthe

i mage- ca&ptreagingndonmepoh aransmadd eahduagiee P DCieSSo g appasedest may furt her

include inmage display nmeans for displaying the foreground conponent 20

i mage ahBaghe vhtklyrdundsepnponentby nelge spateaien separated in real tine
by the separation nmeans and the foreground conponent inmage and the
background cHifporiese infmge setinch sanms ratiuseady $tortder nndledst or age neans;
"1 mage sgecifyin means for specifying a desired foreground conponent

i mage ahft25™ bak Kt B dnevnp ofrehtCapfageldd om amprap tel dlorieyr Durme @2
Dec%pber 2005 5 conponent _inmage and the background conponent inmage which

ar e “seplf atRY TPR9edetd e ByEd f sebsg htioefesintemeingd cinare  di spl ayed

by the égggz_@dglllgg lv?'ythrretahnes ianniger}shiet; Oorfe glrioguhntd forming the image
which is integrated with respect to time in each pixel by
the predetermined number of image-capturing devices for
converting the light forming the image into electrical

.#10  charge and integrating with respect to time the electrical
charge generated by the photoelectric conversion.

The image prﬁcessing apparatus may further inﬁlude
image-capturing command means for giving a command té the
image—capturing means Lo capture the image; and image-—

15' capturing billing means for executing billing processing in
response to the command from the image—capturing command
means. f

The- image processing apparatus may further include

image display means for displaying the foreground component

~ 20 - image and the background component image which are separated

in real time by the separation means and the foreground
component imége and the backgrouﬁd compbnent image which are
already stored-in the storage means ; image specifying means
for speciinng a desired foreground component image and

25 background Compohent image from among the foreground



conponent image and the background conponent image mh%fﬂ ég o gégeady_
stored in the storage neans and which are displ ayed t di spl ay
means; and conbi ni ng means for conbining the desired foreground conmponent
inage'and background conponent inage which are specified by the

speci fying means f10 The i nmage processing apparatus may further include

1~s ~f conbining command nmeans for giving a commnd to the comnbining means
to conbi ne i mages; and conbining billing neans for executing billing
processing in response to the comuand fromthe conbining command means. 15
The image processing apparatus nmay further include storage conmand neans

for giving a conmand to the storage neans, the command instructing whet her

by

or not GYRATHNE iRagEaland reére Headloyeguolincbraemponentnégageh aod dhe
background conponent. inmage which are separated by the separation neans;
2.0 ancc¥R Bt 9% rieldres Biorthe exand rat kit |mewp proedssh hgh aineresponse
to the command fromthe storage command neans. The inmage processing '
appar atUsSSHRY sUithdh g rdtasre doin by preanadibtihfy FeEmgrewrdadj usting
notion blur of the foreground conponent inage which is separated in real

tinme 2§%§Pc’tnr?éltséﬁ5‘9£uadﬁi r?ﬂ%sb‘%ﬁkqwq%r%ﬁ?%}ﬁf%dﬁ%ﬁﬁ%n?h}%g%r? 2 DEC
200§ mhlch | alreag¥ stored in the stoaug 3@? The |n%9 rocessi ng
appar atus r?a?’f ihdRRSE T HRIONGR %{gf i Weg e HIRIA VA neans  for
di spl a)b)pgc hgm t'dolsptlla‘ﬁ;r maed ustedC{ore rlonu.lr]lndg cor r(1)Snept i mge generated
combining the desired foreground component image' and

background component image which are specified by the

specifying means.

w10 The image processing apparatus may further include

i
jib

combining command means for giving a command to the-
combining means to combine images; and combining billing
means for executing billing processing in response to the
command from the combining command means.

15 The image processing apparatus may further include
storage command means for giving a command to the storage
means, the command inétrucﬁing whether or not to store in
real time the foreground component image and the background
component image which are separated by the separation means:

20 and storage billing means for executing billing processing

_in rgsponse to the command from the storage command means.
The image pfgcessing-apparatus may further include
motiOn—bluf adjusting means for adjusting motion blur of the
foreground component image which is separated in real time

25 by the separation means or the foreground component image



5 the notion-blur adjusting neans. The i mage processi ng apparatus may
further include conbining nmeans for conbining the nDtiOn-qurifgj tgﬂ
f oreground conponent image generated by the notion-blur adjustfndﬂi% i3
and t he background conponent inmage. The 10 noti on. - bl ur-adj ust ed-i mage
di splay neans may di splay an imnmage generated by conbining, by the
conbi ni ng neans, the notion-blur-adjusted foreground conponent image
~generated by the notion-blur adjusting nmeans and the background conponent
~image. 15 The image processing apparafus may further include
" processing-tinme nmeasuring nmeans for neasuring tine required by the
noti on- bl ur adj usting nmeans to adjust the notion blur of the foreground
conponewhiictingde; aandadpt k@BrBHULN adiustBRALebRkLiag Means for executing
billing processing in 20 accordance with the tinme neasured by the '
‘processing-tfhe inmeasuproge fEomg dheat+-ABge REPCLSSERNGr apparalys may further
i nclude operation-tine neasuring neans for neasuring opgration tine
t her eof moghadnopénatadnubikti-ngageeanspl ey axeast fog bikbiagids Rhacessi ng
in accordance with the tine neasured by the . 22 Decenber 2005 - 7
oper at i BATEPRePABEsadl ngtaBansredcoondi ngmponansetnadeagpaeiradbdt be
invention, there is provided an i mage processi ng nmethod conpri sing:
an' ihputhet Batépr-phput eflhystimgendana. which is formed of a predet erni ned

nunber of pixel data obtained by a predeterm ned nunber of inage-capturing
_ The image processing apparatus may further include

combining means for combining the motion-blur-adjusted
foreground component image generated‘by the motion—blﬁr
adjusting means and the background component image. The
;{ﬁilo motionfblur—adjusted—image display means may display an
image generated by combining, by the combining means, the

motion-blur-adjusted foreground component image generated by

the motion-blur adjusting means and the background component

image.

15 The image procesSing‘apparatus-may further include
Processing—time mgasuring means for measuring time requited
by the motion-blur adjusting means to adjust the motion blur

of the foreground component image; and motion-blur-
: adjustment biliing means for executing billing processing in

20 raccordance with the time-measqred by the processing-time
measuring means.

The image pfacessing apparatus may furﬁher include
operation-time measuring means for measuring operation time
thereof; and operation billing means for executing billing

25 processing in accordance with the time measured by the



devi ces including pixels, the inmage-capturing dévices ch havi atine
28 Peceer il g o

integrating function; a mxture-ratio estimating step g a
m xture ratio for a mxed area in the image data input in the input step,
the m xed area including a mxture of foreground object conponents formng
a foreground object of the inmage data and background object conponents
form ng a background object of the inmage data; a separation step of
separating in real time, on the basis of the mxture ratio estimated in
the m xture- ratio estimating step, the inage data input in the input step
into a foreground conponent inage fored-of the foreground object
conponents form ng the foreground object of the inmage data and a
backgr oundregapoereritine negesuriog meshrnef. t he background object conponents
form ng the background object of the inmage data, and a storage step of
storing in realAceprgingh&of arespondnasrssitpohetite invemfelcandthdree Backgr ound
conponent image, which are separated in the separation step. The inage
processi nPTELAYY afay™ IR PreFeFHEILaET R iGPREELS Wt uPP NPEtepte® apt uri ng
an inmage which is forned, of the inagg q%ia formed of pixel val ues
det er m ned FPRT5179 iBgge ‘-“’QJSCh dcc SPHETIE @ Twh tRF SRES TR YRt i ght

; ; o U0 ; s 9
form ng t:bq_élemgta \ég{:g:nlrﬁ)dsbkrn%e re%te%grr\r{\ﬁ‘.r{e% ngglg)eecgft ngt%leq%aiagurei%éh pI xel
by the predeterm ned nunber”of T'mage-capturing devices for ~converting the
light formehgclhe diiagnd PiQe L eG ¢alge Ghah o6, fady i AlLQnati qu'élrlwlgt h
respect to time the electrical charge generated by the photoelectric
conver si o tIhe irfRgeaPIRCesstibdrehhatkimy-tat ikt inol Wde sl of
estimating a mixture ratio for a mixed area in the image data
input in the input step, the mixed area including a mixture of
foreground object components forming a foreground object of the
image data and background object components forming a background
object of the image data; a separation step of separating in real
time, on the basis of the mixture ratic estimated in the mixture-
ratio estimating step, the image data input in the input step
into a foreground component image formed of the foreground object
components forming the foreground object of the image data and a
background component image formed of the background object
components forming the background cbject of the image data; and a
storage step of storing in real time the foreground compeonent
image and the background component image, which are separated in
the separation step.

The image processing method may further include an image-
capturing step of capturing an image which is formed of the image

data formed of pixel values determined in



i mage- capturing comuand step of giving a.command to the inmage-capturing
step to capture the image; and an inmage 10 capturing billing S%ﬁﬁx&?zms
executing billing processing in response to the conmmand in th

i mge-capturing conmand step. The inage processing nethod may further

i nclude an i mge display step of displaying the foreground conponent i nmage
and the background conponent image which are separated 15 in real tine in
the separation step and the foreground conponent inmage and the. background
conponent image which are already stéred in the storage step; an image
specifying step of specifying a desired foreground conponent image and
background conponent inmage from anong the foreground 20 conponent inage and
the backgicoudneenpoRBNthieMageeWRi¢h ake 1ighePgbah8dd Rneeahljdm™ in the
separation step and which are displayed inthe image display Sstep and the
f or egr owid.chcaspanertyramegewant’ irhepbatkgboungeConpenent pikage pyhi ch are
already stored in the storage step and which are displayed 25 in the imge
di spl ay téiee predaticamé optli nunfjest of afhagerbhpitngizd Deedwhber 2005 9 the
desired foreground conponent imge and background conponent i'nmage which
are spe€envedtingt hbespéohtyifngmshgprh&hémhgagénppoedssitmgcart hod may
further incl'iide a conbining command step of giving a command to the
conb? ni f§argeseeg {BteerpLary| whghsreandcs tonbimenghbi Elieagritep of
executing billing processing in.response to the command in the conbining
connandcgﬁ§ﬁ? JRBSTrAhge BYothssphgtaelastriaycearensionncl ude a

The image processing method may further include an
image-capturing command step of giving a command to the

image—capturing step to capture the image; and an image-

] 10 . capturing billing step of executing billing processing in

response to the command in the image—capturing command step.
The image pfocessing methed may further include an

image display step of disﬁlaying the foreground component
image and thelbackground component image which are separated

15 in real time in the separation step and the foreground
component image and the ba§kground component image-whiéh are
already stored in the storage step; an image specifying step
of specifying a desired foreground component image and
background component.image from among the foregréund

20 component image and the background component image which are
separated in real time in the separation step and which are
‘displayed inltherimage display step and the fqreground
component image and the background component image which are
already stored in the storage step and which are displayed

.25 in the image display step; and a combining step of combining



storage command step of giving a command to the stora e i 0 the
command i nstructing whether or not to store in real t?geﬁg%ﬁ?er&ogﬂ\%e
foreground conponent image and the background conponent image which are
separated in the separation step; and a storage billing step of executing
billing processing in response to the command in the storage comuand step.
15 The i mage processing nethod may further include a notion-blur adjusting
step of adjusting notion blur of the  foreground conponent image which is
separated in real time in the separation step or the foreground conponent
imge which is already stored in the storage step. 20 The i mage processing
met hod may further include a notion-Dblur-adjusted-inmge display step of

di spl aytlrg) dérel remt f oredt ornddfenp euet or bgaoe nand dnponerntuidage gener at ed
in the notion-blur adjusting step. The i mage processing nmethod may further

i ncl udeCAPIEE adagiisiep dfe cepdiif v thie virisvedl vingljusted 2, 2 DEC

2005 - lo foreground conponent inmage generated in the potion-blur

adj usting dtep @S W%@(ﬁé@ﬁmmtg’mﬁ)éﬁéfntfqrrﬁi% I Udst i2on- bl ur

adj usted-image display step may di spl ay an i mage generated by conbining, in
the corfBIHHY-?E PRI R R bl THEERT (Bt mERs e ot CUFRIGHE | nage
gener at ed iqﬁ%he tion-blur adjusting step and the backgg ound conponent

i mage. STHE i ade Brdteseiads et FefPIRAHRE SR 3P of

executing billing processing in response to the command in
the combining command step.
The image processing method may further include a

storage command step of giving a command to the storage step,

o410 the command instructing whether or not to store in real time

the foreground component image énd the background component

image which are éeparated in the separation step; and a

storage billing step of executing billing processing in

response to the command in the storage command step.

15 The image‘processing method may further include a
motion-blur adjusting step of adjusting motion blur of the
foreground component image“which is separated in real time
in the separation step or the foreground component image
which is already stofed in the storage step.

20 The image processing method may further include a

:motion—blurvédjusted—imageAdisplay step of displaying the

motion—blurwédjuééed foreground component . image genefated in -
the motion-blur adjﬁsting step.
The image processing method may further inﬁlude a

25 - combining step of combining the motion-blur-adjusted



processing-time neasuring step of neasuring tinme required in the _
noti on-blur adjusting step to adjust the notion blur of the foreground
conmponent image;, and a notion-blur-adjustment billing step of BXepgd i)pg
billing processing in accordance with the tine neasured in the

processi ng-time neasuring step. The inmage processing nethod may further

i nclude an operation-tine nmeasuring step of measuring operation tine

t hereof; and an operation billing step of executing billing processing in
accordance with the tine neasured in the operation- tinme neasuring step.
According to a third aspect of the iavemtion, there is provided a
recordi ng nmedi um havi ng recorded thereon a conputer- readable program the
progr am cofiprigsbmy] cenpbmait ieegd rqanesteqd iof thenidtdbhimDid hdjuspitg i ng of
i mge data which is forned of a predeterm ned nunber of pixel data
obt ai ned biter preéddiee bathabundusdyaronefit| imegre-- c aptaimongonteddivees i ncl udi ng
pi xel s, the image- capturing devices each having a tine.integrating
function; 3IUFFREUImEIrati et PRl MRy EbTRYS a8t BRRosf g%emart@% Prg the 22
Decenber 20%%,-: 11 estimation , of a m xture ratio for a mxed area in the
i mage dat & TRPHEEIn PhELT (PUPEUH F6FPst B MPR&ECHTREG &1 8BS 5 Acl udi ng a

m xture of-foreaground obj ect .components. for.m ng a foreground object of the
mage dat £ RN Rk ST AR O BT S rEThant 477 CITHRE B BaCRATEuS obj ect

of the image, dataiug ﬁggﬁﬁﬁ%hgncﬁﬂQﬁéﬂk §igR of controlling the separation
in real tine, on the basis of the mxture ratio estimated in the
mxture-rati o asbi fRddNPre08ddioy fte@Ra ehyt AS-HheRIENGRGR a
processing-time measuring step of measuring time required in the
motion-blur adjusting step to adjust the motion blur of the
foreground component image; and a motion-blur-adjustment billing
step of executing billing processing in accordance with the time
measured in the processing-time measuring step.

The image processing methed may further include an
operation-time measuring step of measuring operation time
thereof; aﬁd'an operation billing step of executing billing
processing in accordance with the time measured in the operation-
time measuring step.

According to a third aspect of the invention, there is

- provided a recording medium having recorded thereon a computer-
readable'program, the program comprising: an input control step
of controlling the inputting of image data which is formed of a
predetermined number of pixel data obtained by a predetermined
‘number of image-capturing devices including pixels, the image-
.capturing devices each having a time integrating function; a

mixture-ratio estimating control step of controlling the



24,

_input in the input control step.into a foreground co hAage f.ornmed
of the'foreground object conponents form ng the fore%@%%t'%%ﬁqé?g@?of t he
i mage data and a background conponent inmage fornmed of the background
obj ect components form ng the background object of the inmage data; and a
storage control step of controlling the storing, in real 15 tinme, of the
foreground conponent image and the background conponent inmage, which are
~separated in the separation control _step. The program ray further include
an i mage-capturing control step of &3nt‘r olling the capturing of an inmge
which 20 is fornmed of the inage data formed of pixel values determned in
accordance with the intensity of light formng the imge which is
i nt egr aestindtior eshectmnizoturereranieatbr pimetkedyatbe pnedbteimbged nunber
of image-capturing devices for converting the light form ng the image into
el ect rid@ta 25npiarge el innwgreenbgo shepespeetmigedi agedhe el ectrical Z
2 DEC 2005 - 12 charge generated by the photoel ectric gonversion. The
pr ogr amt 4RI et ifRie anf¢ negeoengt obj agt conpendntanfeoningep of
controlling the giving of a command to the ima(g turing control step to

e-ca
captur e t"?fér‘?gn‘éfﬁ%}d Phffarrt fdie-Hepvardaba bin i*h@cg‘éiﬁ?\a@ 3bppcbf
cog%‘riol I i“ﬁ%t ‘the execution of hilling_ processing in response to the
comfand™ rf?é‘?ﬁm%%”‘b‘é}ﬁ @ IMRFRIREY QBherbl oSt FeIprdgFam fay
i spl iAo SeaTego e OF SSRLISLLERGPASE SERILStoN%A"e
real time, on the basis of the mixture ratio estimated in
the mixture-ratio estimating control step, of the image data

input in the input control step into a foreground component

"EiiO image formed of the foreground object components forming the

ey

foreground object of the image data and a béckground

component image formed of the background object components

forming fhe background object of the image data; and a

storage control step of controlling the storing, in real

15 time, of the foreground component image and the background
component image, Which are'separated in the separation
cqntﬁol step. h

The  program may further include an image—capturing

control step of,contfolling the capturing of an image which

20 is formed of the image data formed of pixel values‘
.determined in aécordanée with the in£ensity of light forming
the image which is integrated with respect to time in each
pixel by the predetermined number of image-capturing devices
for converfing fhé light forming the image into electrical

25 charge and integrating with respect to time the electrical



X10 conponent inmage and the background conponent inmage which -are separated
inreal tinme in the separation control step and the for-eground“g;prng%n?}ﬁé

i mage and the background conponent ' image which are already stored in e
storage control step; an inmage specifying control step of controlling the
15 specifying of a desired foreground conponent image and background
conponent i nmage from anmong the foreground conponent inmage and

t he- background conponent inmage which are separated in real time in the
separation control step and whichare displayed in the i mage display
control step and 20 the foreground conponent inmage and the background
conponent inmage which are already stored in the storage control step and
whi ch arkadgspheyedatedtbe tragphdisplayteont éehvetepon. and. a conbi ning
control -step of controlling the conbining of the desired foreground
conponent i ridye rarweydFac kgrio ufhdr 25 € openedd  ddreiges gd edpaaeispeci fied in

t he specifying 22 Decenber. 2005 - 13 control step. The,.program nmay further
i ncl udecamBandi ¢omgrebnsaer ofononbrodl épgofheontviohdi of & heoghwhdg of a
command to the conbining control step to conbine inmages; and a conbining 5
bi | | i ngt¢ ofte olmager-atenheg ofdhhygot hetemetat taptefe bihé i gager ocessing in
response to the conmand in the conbining command control step. The program
may ~f urdhera? ntMs GRREOF e kbhhind cehrebl sterpobfcennteblinag t he

"~ giving fg%a command to the ? /;10 storage control step, the commuand
c

instru gﬁﬁﬁﬁﬂqﬁﬂncﬁfrﬁﬁlllng preocessing in response to the

command in the image-capturing command control step.
The program may further include an image display

control step of contrelling the displaying of the foreground

",uflo component image and the background component image which are

- separated in real time in the separation control step and
the foreground component image and the_background component
image which are already stored in the storage control step;
an image spegifying control step of controlling the
15 specifying of a desired foreground component image and
background component imageﬁfrom among the foreground
component image and the-baékground component image which are
‘separated in real time.in the separation control step and
which are displaved in the image display control step and
20 the foreground component image and the background component
image which are already stdred'in the stéragé control step
and which are diéblayed in the image display control step;
énd_a cqhbining control step of controlling the combining of
the desired foreground component image and background

25 component image which are specified in the specifying



to store.in real tine the foreground_conponent i mge ahpLAELeRRBKIr ound
conponent inmage which are separated in the separation con F ol step; and a
storage billing control step of controlling the execution of billing
processing in 15 response to the command in the storage comrand contr ol
step. The program may further include a notion-blur adjusting control
step:of controlling-the adjustnent of notion blur of the foreground
conponent image. which is separated in real tinme in the separation contro
step or the foreground 20 conponenf'ﬂﬁﬁgé which is already stored in the
storage .control step. The program may further include a

not i on- bl ur-adj usted- inmage display control step of controlling the

di spl ay¢ogtodl shepnoti on-bl ur-adjusted foreground conponent inage 25
generated in the notion-blur adjusting control step. 2 2 DEC 2005 14 - The
program nmay Tha tiergiam | nmhe fociomdst nimgl edat & otosbepiong cooméndl | ing the
conbi ni ng of the notion-blur-adjusted foreground conpopent image generated
in the a@RtER! bt teradf usenhgotbhngothesgépiagdofhe bewkgndumd tbeponent

i mage. The notion-blur- adjusted-inmage display control step may display an
i mge GeMetaiRd B9ntonbi AateR, tPnceombinenbnarg: contr 8l combpninbe
noti_on-b] ur - adj usted foreground conponent inage generated in the

mot Pon-BH 1281 GRRTRYL coReP oPL sEePLEAHLing bhekgrBaHEIeBNp6nbALlihgage. The

program nay further include a Erocessing-tine,neasuring .
processing in response Lo the command in the combining

command control step.
The program may further include a storage command
control step of controlling the giving of a command to the
_Elo storage control step, the command instructing whether or not
to store .in real time the foreground component image and the
‘background component image which are separated in the
"separation control step; and a.storage'billing control step
of controlling the execution of billing processing in |
15 response to the command in the storage command control step.
The program may furthg;‘inelude a motion-blur adjusting
control step of controlliné'the adjustment of mqtion blur of
the foreground component image which is separated in real
time in the separation control step.or the foreground
'20_ component image which is already stored in the storage
control step.
The program‘an further include a mqtion?blur~adjusted—
image display control.step of controlling the displaying of -
the moticn—blur—adjusted foreground component image |

25 generated in the motion-~blur adjusting control step.



control step of controlling the neasurenent of time required in the
noti on-blur adjusting step to adjust the notion blur of the f%;fground
conponent image; and a notion-blur-adjustnent billing control Bﬁdm%
controlling the execution of billing processing in accordance with the
time nmeasured in the processing-tinme nmeasuring control step. The program
may further include an operation-tinme neasuring control step of
controlling the neasurenent of operation tinme thereof; .and an operation
billing control step of controlling the execution of billing processing in
accordance with the tine neasured in thesoperation-tinme neasuring control
step. According to a fourth aspect of the invention, there is provided a
program for i nSheuestdgrgnangofputiesr timcpedé ar meabipirge esstgdnpesi o: an
i nput control step of controlling the inputting of inmage data which is
formed of ¥EFZopbEwniséep 2@G5ning DT Fhedeeeior-hédr adiberedffogegeduntat a
obtained by a predeterm ned nunber of image-capturing devices including W
pi xel s, t HE"PRBYRE CEFPE ITMFFAESTE s tEaCR HAR Ryua adIRBE N CegFERY ng
function; mxture-ratio. estimting control 5_step, of ntrolling the
estinaticné%?? 3?¢;%<eu 3c$%ﬁﬁu8df%ﬁmﬂfngﬂFx%RFQErea???14gﬁé°?_ & data input in
t he i nput s y 33 ] r i ncl udi 1 xt ure of foreground
a(&aﬂg{:géi 1%:{3%8 d1§ %y%&&%oﬁ ggel!()) gtil%gctgk%laﬁhml{r&é f

obj ect conponents rmng a foregroun e |n35% data and
backgr ound;Rhki-8€dd GRMRORSH ST O ViR eomqﬁ%oe&%&@l 8€dp,0fn#10 the image

data; a separation control step of controlling the
motion-blur—~adjusted foreground component image generated in the
motion-blur adjusting control step and the background component
image.

The program may further include a processing-time measuring

} contrbl'step of centrolling the measurement of time requirgd in
the motion-klur adjusting step to adjust the motion blur of the
foreground component image; and a motion-blur-adjustment billing
control step of contrelling the execution of billing processing
in accordance with the time measured in the processing-time
measuring control step.

The program may further include an operation-time measuring
control step of controlling the measurement of operation time
thereéf; and an operation billing control step of controlling the
execution of billing processing in accordance with the time

.measured in the coperation-time measuring control step.

According to a fourth aspect of the invention, there is

provided a program for instructing a computer to perform a

process comprising: an input control step of controlling the

" inputting of image data which is formed of a



separation in real tinme, on the basis of the m xture %%blo EStlnB ed in the
m xture-ratio estinmating control step, of the inage t he

i nput control step into a foreground conponent i nmage forned of the
foreground object 15 conponents form ng the foreground object of the inmge
data and a background conponent inage formed of the background object
components form ng the background object of the inmage data;, and a storage

control step of controlling the storing, in real time, -of the foreground

s,

conponent image and the. 20 backgrouh@ tonponent image,.which are separated
in the separation control step The process- nmay further i ncl ude an
i mge-capturing control step of controlling the capturing of an inmge which

i s formaeditdhe ridmgantain Jorgme 0fapi xelpiwlies Rp Letermned in
accordance with the -intensity of light formng 2% 2 DEC 2005 - 16 the

i mge whiegte tiesrniinteey main@e ridh inespectagtudtine dovieash iqixetidky the
predeterm ned nunber of image-capturing devices for converting the |ight

f or mi n@itded § ,mede iintageelcagitiitialg ehariges ARt dmtregriatg ng M respect to
time the electrical charge generated by the photoel ectric conversion. The

procesgnm@ﬁﬂahmﬂmeﬁunw¢h@@e &n mirdge-capiid g ticemeand cortral step of
controlling the giving of a command to the inmage-capturing control step to

cap? ur & tsiie dfmggetrodad ngn theags taptiudme hid Ining-wmntradtistipr of
controlling '10 the execution of billing processing in response to t he
commandiXed & Samdde-thaptimaary TohmeiPeonin oth%tza@put control step,

the mixed area including a mixture of foreground object
componénts forming a foreground object of the image data and
background object components forming a background bbject of

Jj10  the image data; a separation control step of controlling the
separation in real time, on the basis of the mixture ratio
estimated in the mixture-ratio estimating'control step, of
the image daﬁa input in the input contrel step into a
féreground component image formed of the foreground bbject

15 Vcomponents forming the foreground object of the image data
and a background component;image formed of the background
object cqmponents forming fhe background object of the image
data; and a storage control étep of controlling the storing,
in real time, of the foreground component image and the

20 backgroﬁnd component image, which are separated in the
separation control step.

The proéess ;ay further include an image}capturing

control step of controlling the capturing of an image which
is formed of the image data formed of pixel values

25 determined in accordance with the intensity of light forming




The process may further include an inmage display control step of
controlling the displaying of the foreground conponent image an@ % DEC 2005
background component inmage which are 15 separated in real tine in the
separation control step and the foreground conponent inmage and the
background conmponent image which are already stored in the storage control
step; an-inage- specifying control step of controlling the specifying of
a desired foreground conponent inmage and 20 background conponent inmage from
anong .t he foreground conponent imagé®and the background conponent i nmage
which are separated in real time in the separation control-step and which
~are displayed in the image display control step and the foreground

- conponetthei imgee andithei backgeguatdeaowpeReptspSct Mger e Chnaegcal r eady
stored in the storage control step 22 Decenber 2005 - 17 and which are

di spl aypdxeh bhethengeediéspraynednhuabest €p; im&dé- @agoabingngecontsol step
of controlling the combining of the desired foreground conponent inmage and
backgr ofifg ceevpohity thagbight choamengpeled f imaye nitbe spectfyeay 5 contro
step. The process-nmay.further include a conbining command control step of
cont r ol FRAFIE hengi i Fro it bngowhbindrespedhie tonbime ngheontectrstep to
con?}ne i mages;, and a conbining billing control step of controlling the

execut | BREETE TR TR DI e5le nph o Foe beponbe ¢antewstommand in the

conbi ni ng %gpnand control step. The process may further include a storage
co nd € process may further include an image-capturing '

command control step of controlling the giving of a command -
to the image-capturing control step to capture the image;
- and an image-capturing billing control step of controlling

the execution of billing processing in response to the

e,

-
[l
<

command in the image-capturing command control step.

The process may further include an image display
control step of controlling the displajing of the foreground
component image énd the background component image which are

15 separated in real time in the separation control step and
the foreground component image and the background component
image which are already Stéred in the 'storage control step;.
an- image spécifying control step of controlling the

- specifying of a desired foreground component image and

__20 - background component image from among fﬁe foreground
component imagg and the background component image which are
~separated in real time in the separation-control‘step and
which are displayeﬁrin the image display control step and
the foreground component 'image and the background component

.25 image which are already stored in the storage control step



control step of controlling the giving of a command t control
step, the command instructing whether or not 15 to g%ngi fé@&?tlne t he

f oreground conponent imge and the background conmponent image which are
separated in the separation control step; and a storage billing control
step of controlling the execution of billing processing in response to
the command in the storage conmand control step. 20 The process may further
i nclude a notion-blur adjusting cgn&goL_step of ‘contralling the

adj ustnent of notion blur of the foréground conponent inmage which is
separated in real tine in the separation control step or the foreground
conponent i mage which is already stored in the storage 25 control step.
2.2 DECBYoshich gampdipkesed nay the t hergendiadéas moniteplbltepadj ust ed- -
i mage dis @Iay control step of controlling the dlsplaglng of the

mot i on-BiYre - %RHf%ﬁ%%ﬁQﬁnﬁF%@n%%n@%@trﬂﬁﬁen99§ ér gpabippnghef

not i on- ﬁ% % control step 5 The process nmy fugther include a

conbi ni ?ﬁ ?ﬁ ?ﬁFQﬁuQﬁnﬁqqﬁ???ﬁFth@agﬁnﬁpﬁlH@CBErPﬁéantlon bl ur -
adjusted fore roound conponent i ma eperated in the mption- blur adjusting
control éﬁ%p Ei%@ﬁg%qﬁﬁﬁﬁb 3 ihafRe §REcifying

not ison- bl q;usted i mage di splay control step 10 may display an inmage

generate y [o30) |n|ng, in the conbining control step, the

not i on- blurTﬂ% %§5%gsgo&g%{%§QQhe&qug:e(%eugg e 108 egﬁégégﬁggﬂgi

nmot i on- bl ur adj dsting " ste groun
control step of controlling the giving of a command to the

i mage

combining control step to combine images; and a combining
billing control step of controlling the execution of billing
ﬁﬁglo processing in_response te the command in the combining
' ' command control step.

The process may further include a storage command
control step of controlling the giving of a command to the
storage control step, the command instructing whether or not

15 ~to store in real time the foreground component image and the
background component image which are separated in the
separation control step; agd a storage billing control step
-of controlling the execution_of billing processing in
response to the command in the stofage cemmand control Step.

20 The process may further include a motion-blur adjusting
control step of controlling the adjustment of motion blur of
the foregrouﬁd cdﬁponent image which is separated in real
time in fhe separation control step-or thé foreground
component image which is already stored in the stotage

25 control step.



The process may further include a processing-tine 15 neasuring control
step of controlling the neasurenent of tinme required in the ﬁgéﬁ@g-blur
r HindtC

adjusting control step to adjust the notion blur of the foreg 2005
conponent image; and a notion-blur-adjustment billing control step of
controlling the execution of billing processing in 20 accordance with the

time neasured in the processing-tinme nmeasuring control step. The process
may further include an operation-tine measuring control step of
controlling the measurenent of opé?éﬁidh time thereof; and an operation
billing control 25 step of controlling the execution of billing processing
in 22 Decenber 2005 - 19 accordance with the tine neasured in the
oper ati on-ti fbenpasuebagmaygonitbhest epcl hde ex ampl eoLABDEE-NEARY 8506t he
present invention, inmage data which is formed of a predeterm ned nunber of
pi xel dafegdeoistizipied bpnarpiledetpr nitnednmushednaf theagespapyingngcdevi ces
including pixels is input, the image-capturing devices each having a tine
i nt egr attiffg "OFdenbAurAadiinstied - faregrbondacoimpedenar éaaga the i nput i mage
data is estimated, the mxed area including a mxture of foréeground object
conponefAf&eraitRindnatheoregiountlobj ediuetinpecpragel datepand background
objggt conponents form ng a background object of the inmage data. On the
basi$ of the’ BStPHRATRY MY uFerthe s olnekede npueoiiwayeralatentxol separated in
ound conponent inmage fornmed of the foreground

real ti inta a fore
“obj ect g%ﬁﬁoﬁ%n??“?ﬁ?%ﬁﬁﬁgtFﬁef%?%ﬁ?ﬁﬁﬂﬂ Bbj ke motion-blur-

‘adjusted foreground component image generated in the motion-
blur adjusting control step and the background component

image. The motion-blur-adjusted-image display control step

'Zmﬁ 10 may display an image generated by combining, in the

¥

combining control step, the motion-blur-adjusted foreground
component image generated in the motion-blur adjusting
control step and the background component image.
The process may further include a processing—time
15 measuring control step of controlling the measurement of
time required in the motiog—blur adjusting éontroi step to
adjust the motion blur of £he foreground component image;
Arand a motion-blur-adjustment billing control step of
qontrolling the execution of billing‘processinglin
20 accordance with the time measured in the pfocessing—time
measuring control étep. |
The process ﬁay furtﬁer include an operation—time
measuring control step of controlling the measurement of
operation time thereof; and an operation billing control

-25 step of controlling the execution of billing processing in




—r—

of the i mge data and a background conponent inmage fo ,
background obj ect conponents form ng the background o%?@ggg%?ér{@@ i mage

data. The separated" foreground conponent inage and background conponent
image are stored in real tinme. Brief Description of the Drawi ngs Fig. 1A
illustrates a known i mage processing nethod. Fig. 1B illustrates a known
i mage processing nethod. Fig. 2 illustrates a known i mage processing
met hod. 22 DECEMBER 2005 - 20 Fig. 3 illustrates the configuration of an
enbodi mrent of an imge processing systemto which the present invention is
applied Fig_ 4 illustrates the configuration of a canmera 5 term nal device
showmn in Fig. 3. Fig. 5 illustrates the configuration of a television set
term nal desdogdasd@withntid gim8. médsgpre8 i thebbpedatdbagt aim skewknihgt he
configuration of the canera term nal device shown in Fig. 4. X10 Fig_ 7 is
a bl ock dieRpt&RLsteRM-ng the configuration of the television set term nal
device shown in Fig. 5. Fig. 8 is a block diagramillustrating the
configuration off §*&Mfar Brdasassr shdke Presing. ieventdicy, 199 a bl ock
diagramill strgtin an i e 15 processing apparatus Fjg.. 10 illustrates

i 1o PorBi Riber OF | Py
t he- i mage-Capt Urt Ay pef P oveatoy edf&ﬁﬁ%lrrgedF e Of | Pt §8ER the
arrfingenﬁrﬁbﬂaﬁn9a35§ %'predetermined number of image-capturing devices
including pixels is input, the image-capturing devices each
having a time integrating function. A mixture ratic for a mixed
area in the input image data is estimated, the mixed area
including a mixture of foreground object components forming a
foreground object of the image data and background object
components forming a background object of the image data. On the
basis of the estimated mixture ratio, the input image data is
separated in real time into a foreground component image formed
of the foreground cobject components forming the foreground object
of the image data and a background component image formed of the
background cobject components forming the background object of the

image data. The separated foreground component image and

background component image are stored in real time.

Brief Description of the Drawings
Fig. 1A illustrates a known image processing method.
Fig. 1B illustrates a known image processing method.

Fig. 2 illustrates a known image processing method.




Fig. 12 illustrates the operation of a detection device. 20 Fig. 13A
illustrates an image obtained by.imge- capturing an 2ehjmecEMBER espendi ng
to.a noving foreground-and an object corresponding to a stationary

. background. Fig. 13B illustrates an imge obtained by inmage- capturing an

obj ect corresponding to a noving foreground and 25 an obj ect correspondi ng
to a stationary background. 22 Decenber 2005 - 21 "10 Fig_ 14 illustrates
a background area, a foreground area .a. m xed area a-covered background
area, and an uncovered background aﬁ%a Fig 15 illustrates a nodel

obtai ned by expanding in 5 the time direction the pixel values of pixels

al i gned side by-side in an i nage obtai ned by i nage-capturing an object
correspondi NBigo & 5lhis bnatys f oneoconndyangd: aontbe 9B 8aboatRLEEspondi ng

to a stationary background. Fig. 16 illustrates a nodel in which pixel
val ues afeaneipagdedrbnetbényi spsdemeebi eRiandthbeppesiad cakeaspending to
the shutter tine is divided. Fig. 17 illustrates a nodel in which pixel

val ues aﬁeapﬁipaﬂded inthe tine direction and the perlod corresponding to
the shutter tinme is divided 15 Fig.- 18 illustrates a nodel in which pixel
val ues are ekfanded ikngtien tésretht reet f oyt ¢neo Hez | oglneoa r espondi ng  to

the shutter time is divided Fig. 19 illustrates an exanple in mhlch pi xel s
terminal device shown in Fig. 3.

in
Fig. 5 illustrates the configuration of a television
set tefminal device shown in Fig. 3.
Fig. 6 is a block diagram showing the confiéuration of
the camera terminal device shown in Fig. 4.
1%10 _ Fig. 7 is a block diagram showing the configuration of

the television set terminal device shown in Fig. 5.
Fig. 8 is a block diagram illustrating the
configuration of a signal processor shawn'in Fig. 6.
Fig. 9'is a block diagram illustrating an image
15 processing apparafus- | N
Fig. 10 illustrates the-image—capturing performed by a
sensor. ’ |
Fig. 11 illustrates the arrangeﬁént of pixels.
| Fig. 12 illustrates the operation of a deteétion device.
20- Fig. 132 illustrates an‘image-obtained by image-—
capturing an object corresponding ta.a moving foreground and
an object cofresééndingrto a'stationary background.
~Fig. 13B illustrates an image obtainad by image-
capturlng an ob]ect corresponding to a moving foreground and

25 -an object correspondlng to a statlonary background.




foreground area, a background area, and a m xed area géaf cted. .
Fig. 20 illustrates the rel ationshi ps between pixels . Eé SC&R%D eogobtained

by expanding the pixel values in the time .direction. Flg 21 illustrates a
nodel in which pixel values are 25 expanded inthe tinme direction and the
period corresponding Z 2 DEC 2005 - 22 to the shutter tinme is divided Fig-
22 illustrates a nodel in which pixel values are expanded in the tine
direction and the period correspondln to the shutter ti'ne is divided. 5
Fig. 23 illustrates a nodel in whi ch?pi Xel val ues are expanded in the tine
direction and the period corresponding to the shutter tine is divided.

Fig. 24 illustrates a nodel in which pixel values are expanded in the tine
di recti on artig helgeirllod oorteas pondidkgrdumd keeshutd eo degr@unsl di vi ded Fi g.
25 illustrates a nodel in which pixel values are expanded in the tine

di r ect i mreanda tthiexgaéraoeh cox responet rgackar dlved sdwdd erarid nen i s di vi ded.
Fig. 26 is a flowhart illustrating the processing for Eig. 27 is a block

di agr anei¢oustedthagkarowxdnpter of the configuration of an area specifying
unit 103. Fig-. 28 illustrates an i mage when an obj ect correspondlng to a

f oreground FsGrmiing.l126tHiages2@ modedt o@ttes ngdmbyelexpangiingh ipi xel val ues

are
5 the time direction the pixel values of pixels aligned side—

by-side in an image obtained by image-capturing an object
corresponding to a stationary foreground and an the object
corresponding to a stationary background.
Fig. 16 illustrates a model in which pixel values are
310 expanded in the time direction and the period corresponding
‘to the shutter time is divided. |
Fig. 17 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
i5 Fig. 18 illustrates a model in which pixel values are
. expanded in the time direcQ;On and the period corresponding
to the shutter time is divided-
Figﬁ 19‘iilustrates an example in which pixels in a
foreground area, a background area, and a mixed area are
20 extracted.
Figt.20 illustrates the relationships between pixels
-and a model ebtaieed by expanding the pixel values in the
time direction. |
Fig..2l illustrates a model in which pixel values are

25 eXpanded in the time direction and the period'corresponding



-

expanded in the time direction and the period corresponding to the shutter
tine is divided. Fig. 30 illustrates a nodel in which pixel vaI#giEﬁr%
expanded in the time direction and the period corresponding 25 % e
shutter tine is divided. 22 Decenber 2005 - 23 Fig. 31 illustrates a node
in which pixel values are expanded in the tine direction and the period
corresponding to the shutter tine is divided. Fig. 32 illustrates the
conditions for determning the 5 area,_ Fig. 33A illustrates an exanpl e of
the result obtained by specifying'tﬁ%zé?ea by the area specifying unit
103. Fig. 33B illustrates an exanple of the result obtained by specifying
the area by the area specifying unit 103. Fig. 33Cillustrates an exanple
of the itestihe sbtatredtbyespeciliyidgdthe area by-the area specifying unit
103." Fi'g. 33D illustrates an exanple of the result obtained by specifying
the area by FHe- at@albbewtifyfery anmoddD3inRrlgicB4pitdusiahies are exanpl e of
the result obtained 15 by specifying the area by the area specifying unit
103. Fi §¥P3Bdpd 4nflrbachire firestiani agdt hbeapeaispecodtyesgonpingessi ng.
Fig.. 36 is a.block diagramillustrating another exanple of the

confi guF8t FBR BRUtheraf&ae Spediviflag-unit 103 20 Fig. 37 illustrates a

model in whirch pixel values are expanded in the tinme direction and the
pericod corr n d_lustrates a model in which pixel values are

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

expanded in the time direction and the period corresponding

f_hjlo to the shutter time is divided.

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

Fig. 26.is a flowchart illustrating the processing fof

15 adjuéting the-amoﬁnt of motion blur.

Fig. 27 is a block diagram illustrating an example of
the configuration of,an‘aréa specifying unit 103.

Fig. 28 illustrates an image when an object.
corresponding to a foreground is moving.;

20 Fig. 29 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding‘
to the shutter time is divided.

Fig. 30 illustrates a model in which pixei values are

iexpanded in the time direction and the period corresponding

- 25 to the shutter time is divided.



to the shutter tihé is divided Fig. 38 illustrates a ggyl _
background image. Fig. 39 is a block diagran1i||ustp% Png t%%ﬁég?

configuration of a binary-object-inage extracting portion 2, 2 DEC 2005 -
-24 302. Fig_ 40A illustrates the calculation of a correlation value.. Fig.
4.0B illustrates the calculation of a correlation 5 value. Fig. 41A
illustrates the calculation of a correlation value. Fig. 413 illustrates
the calculation of a correlation value 10 Fig. 42 illustrates an exanple
of a binary object image. Fig. 43 isa block diagramillustrating the
configuration of a tine change detector 303. Fig. 44 illustrates
determ nations nade by an area determ ning portion 342. 15 Fig.. 45
i |l ustrates BT exdhplelwitdetes id medehsimedeichypihel t vakuehaamge det ect or
303. Fig. 46 is a flowhart illustrating the area specifying .processing
per f or ne¥PB)deAecinr the spampf dingcthrn 208, thegpeg¥odscarkeerchding
illustrating details of the area .20 specifying processing Fig. 48 isa
bl ock dF%gFgﬁ1?FFEE?Fa¥%ﬂ© i8j fivadether configuration of the area
specifying unit 103.. L o
Fig. 32 illustrates the conditions for determining the

5 area.

Fig. 33A illustrates an example of the result obtained

by specifying the area by the area specifying unit 103.

Fig. 33B illustrates an example of the result obtained

by specifying the area by the area specifying unit 103.

10 Fig. 33C illustrateé an example of the result obtained
by specifying the area by the area specifying unit 103.

Fig. 33D illustrates an example of the result obtained
by specifying the area bf the area specifyinglunit 103.

Fig. 34 illustrates an example of the result obtained

15 by specifying the area by the area specifying unit 103.

Fig. 35 is a flowchartlillustrating the area specifying
| prqéessing. | |
Fig. 36 is a block diagram illustrating another example
of the configuration of the area specifying unit 103.

20 + Fig. 3? illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter tiﬁe is divided.

Fig. 38 illustrates an example of a background image.
Fig. 39 is a block diagram illustrating the

25 configuration of a binary—objectFimage ext;acting portion



Fig. 49 is a block diagramillustrating the configuration of a

r obust - processing portion 361. 25 Fig. 50 illustrates notion conpensation
performed by a 22 Decenber 2005 - 25 notion conpensator 381. F8.DEB12005
illustrates notion conpensation perforned by the notion conpensator 381.

Fig. 52 is a flowhart illustrating the area specifying 5 processing. Fig.
53 is a flowhart illustrating details of the robust processing. Fig. 54
.is a block diagramillustrating the configuration of a-m xture-ratio

cal cul ator 104 /1110 Fig. 55 illustr&fes an exanple of the ideal nixture
ratio-a. Fig. 56 illustrates a nodel in which pixel values are expanded in
the tinme direction and the period corresponding to the shutter tine is
divided3025 Fig. 57 illustrates a nodel in which pixel values-are éxpanded

“in the time direction and the period corresponding to the shutter tine is
di vi ded. Fi (Fidh8 404 uslIad esaapprind matlan asidyg dhes casfelaition -of
-foreground conponents. 20 Fig. 59 illustrates the relatjonship anong C, N
and P. Vv&L@e.60 is ablock diagramillustrating the configuration of a

m xture-rati o estimation processor 401.
Fig. 40B illustrates the calculation of a correlation

5 value.
Figr 41A iliustrates the calculafion of a corrélation
value.
Fig. 41B illustrates the calculation of a correlation
value.
% {{“210 Fig. 42 illustrateé an example of a birnary object.image.
Fig. 43 is a block diagram illustrating the
configuration of a time change detector 303. |
Fig. 44 illusﬁrates determinations made by an area
determining portion 342. |
15 Fig. 45 illustrates an example of determinations made
by the time change detector 303.
Fig. 46 is a flowcharﬁ illustrating the area specifying
‘proceSSing performed by the area specifying unit 103.
Fig. 47_is a fléwchart illustrating details of the area
20 specifyingApnocessing-
Fig. 48 is a biock diagram illustrating still another
configuratioh of;fhe area specifying unit 103.
"Fig. 49 is a block diagram illustrating the
configuration of a robust-processing portion 361.

25 . Fig. 50 illustrates motion compensation performed by a
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Fig. 61 |IIustrates an exanpl e of an estlnated m xt ur Fig 62
is a block diagramillustrating another, 2- 2 DEC 200% Dégegh&égﬁ I guratl on
of the m xture-ratio cal culator 104_ Fig_ 63 is a flowhart illustrating
the m xture-ratio calculation processing Fig. 64 is a flowhart

illustrating the processing for 5 calculating the estimated m xture ratio.

Fig. 65 illustrates a straight line for approximating the mxtureée ratio a_
Fig_ 66 illustrates a plane for approximting the mxture ratio a. 10 Fig.
67 illustrates the relationships of €Repixels in a plurality of franes

when the mxture ratio a is calculated. Fig. 68 is a block diagram
illustrating another configuration of the m xture-ratio estimation
processert it . cotkpdhsHHt [daustrates an exanple of an estimated m xture 15
ratio. Fig. 70 is a flowhart illustrating the m xture-ratio estimating

processi ng byousisng id 1nedela teer hﬁaﬂ@iﬂid@ﬁ@@tﬁﬁy@@&&aﬁj@wnd ar ea.
Fig. 71 is a block diagramillustrating an exanple. of 20 . the

confi glm&tlrmm:mn a:dmeagraﬂmd/&ib]ckground separ at or 105." . Fi g. 72A
illustrates an input inmage, a foreground conponent inmage, and a backgr ound
corrponent i Mage- SBi ¢s A2BliokWichstrtatidd vesrt natputy itheges rem fsz:reegrﬁ;um;

3 processing.
Fig. 53 is a flowchart illustrating details of the
robust processing.
Fig. 54 is a block diagram illustrating the
configuration of a mixture-ratio calculator 104.
_ﬁlO | Fig. 55 illustrates an example of the ideal mixture
ratio o.

"Fig. 56 illustrates a model in which pixel values are
expanded in the time direction and the period correspondiné
to the shutter time is divided.

15 Fig. 57 illustrates a model in which pixel wvalues are
expanded in the time direcgibn and the period corresponding
to the shutter time is divided. |

Fig? 58 illustrqtes approximation using the correlation
of foreground components.

20 ' Eig. 59 illustrates the relationship among C, N and P.

Fig. 60 is a block diagrarm lllustratlng the
cgnfiguration‘of—a mixture—~ratio estimation processor 401.

Fig. 61 illustrates an example of an estimated mixture

‘_ratio.

25 Fig. 62 is a block diagram illustrating anothef,

J




conponent image, and a background conponenf image. 25 Fig. 73 illustrates a
model in which pixel values are 22 Decenber 2005 - 27 expanded in the tine.
direction and the period corresponding to the shutter tine i 2 &

Fig 74 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 5 to the shutter tine is divided
Fig. 75 illustrates a nodel in which pixel values are expanded in the tine

direction and the period corresponding to the shutter tine is divided.
Fig. 76 is a block diagramillustratifig-an exanple of 910 the
configuration of a separating portion 601. ifil it Fig. 77A illustrates
exanpl es of a separated foreground conponent inage and a separated
backgr ot COURONESE o MBgee i Pturd /Batlbusiidiescoxamphes of a separated
background conponent inmge and a separated background conponent i nmage-
Fig. 78 is aifd.owshdrst a ldlusidratdthg Thes fifpcess it tixnseparatidg a

foreground and' a background. Fig. 79 is a block dlagran1lllustrat|ng an
exanpl ecafculdei@onfigprsadion. of a notion-blur adjusting,'unit 106. Fig.
80 illustrates the unit of processing. 20 Fig. 81 illustrates a nodel in

whi ch the pitkal- vl diss a dfl owdheregridund toanponerithd nage s expanded i n the
time direction and the period corresponding to the shutter tine 1is
d|vﬁde§mlculat1ng the estimated mixture ratlo
Fig. 65 ;llustrates a straight line for approximating
. the mixture ratio o.
Fig. 66 illustrates a plane for approximating the
mixture ratio «.
710 Fig. 67 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio @ is calculated.
Fig. 68 is a block diagram'illustrating another
configuration of the mixture-ratio estimation processor 401.
Fig. 69_illustrates an example'of an estimated mixture
15 ratio:

" Fig. 70 is a flowchar;,iilustrating the mixture-ratio
esﬁimating processing by uéing a model corresponding to a
covered background area.

Fig. 71 is a block diagram illustrating an example of
20 . the configﬁration of é fbreground/badkground separator 105.
Fig. 72A illustrates an input image, a foreground
' .component image, and a backgrouﬁd component image.
Fig; 72B illustrates an inpﬁt image,‘a foreground
component image, and a background component image.

25 Fig. 73 illustrates a model in whicﬁ pixel values are



Fig. 82 illustrates a nodel in which the pixel valuesgggeag bgground
.conponent inage are expanded in the tine 2, 2 DEC 200 |rect|on
and the period corresponding to the shutter time is divided. Fig. 83
illustrates a nodel in which the pixel values of a foreground conponent

i mge are expanded in the tinme 5 direction and the period corresponding to
the shutter tinme is divided. Fig. 84 illustrates a nodel in which the pixel
val ues of aforeground conponent |nag§ are expanded in the time direction
and the period corresponding to the. UtTer time is di vided Fig_ 85
illustrates an exanpl e of another configuration of the notion-blur
adjusting unit 106. Fig. 86 is a flowhart illustrating the processing for
adj ust i egptihdedminnthel tiedk dideldtictorhal e perd olb doaregmeuwrd repnponent
i mge performed by the notion-blur adjusting unit 106. Fig. 87 is a block
di agr antpl khet shuithgranieearnpl eisfidedanot her %configuration of the

mot i on- bl ur adj usting unit 106. Fig. 88 illustrates an.exanple of a nodel
in which theF29. rétatibnshirptebeawmedepi kvl whathepiard Velegsopnmd
conponents are indicated. Fig. 89 illustrates the calculation of

f or egr o8¥B2BERPoABNERE tEMG. dg@aﬂﬂl@§tﬁaﬁe§hﬁh@e€&D@UW@mnﬂ$pﬂmdﬁ®@eground

5 to the shutter time is dlvlded.
Fig. 75 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 76 is a block diagram illustrating an example of

.ﬁlb the.configuration of a separating portion 601f
Fig. 77A illustrates examples of a separated foreground
component image and a separated background component-imgge.
Fig. 77B illustrates examples of a separated backgrouﬁd
component image and a separated background coﬁponent image.

15 Fig. 78 is a flowchart illustrating the processing for
separating a foreground.ang'a background.r

Fig; 79 is a block diégram illustréting an example of
the configuration of a motion-blur adjusting . unit 106.
Fig. 80 illustrafes the unit of processing.

20 Fig. 81 illustrates‘a ﬁodel in which the pixei %alues
of a foreground component image are expanded in the time
direction and théfperiod corresponding to thé shutter time
is divided. |

Fig. 82 illustrates a model in which the pixel valueé

25.. df’a foreground.coﬁponent image are expanded in.the time



- 25 conponents 22 Decenber 2005 - 29 Fig. 91 is a flowhart illustrating

the processing for elimnating notion blur containedir1e&2qmggﬂ@ynd Fig.
u

92 is a block diagramillustrating another configuration of the nction
of . the image processing 5 apparatus. Fig. 93 illustrates the
configuration of a synthesizer 1001 _ Fig. 94 is a bl ock diagram
illustrating still another configuration of the function of the inmge

processing 10 apparatus. SF Fig. 95_is a block diagram:illustrating the
configuration of a mxture-ratio cal édl ator 1101. Fig. 96 is a block
diagramillustrating the configuration of a foreground/ background
separator 1102. 15 Fig. 97 is a block diagramillustrating still another
confi gudareohioh &hé fhacbéoiodfcdheespagaipgoecesshagshppaeat dsmeFi g--.-98
illustrates the configuration of a synthesizer 1201. 20 Fig. 99 is a

fl owchat® fividedati ng the synthesis service processing perforned by the

camera termnal device. Fig. 100 is a flowhart illustgtating the synthesis
servi ce bil IT¥g ptocdeskisigatiap alomedel ugt rehish tttee syimtdiesislwes vi ce
billing ‘ '

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

Fig. 84 illustrates a model in which the pixel values
of a- foreground component image are expanded in the time
direction and the period corresponding to the shutter time

Vﬁlo is divided.
|

Fig. 85 illustrates an example of another configuration
of the motion-blur adjusting unit 106.

Fig. 86 is a flowchart illustrating the processing for

'adeSting the amount of motion blur contained in a
15 foreground component image performed by the motion-blur
adjusting unit 106.

Fig. 87 is a block diégram illustrating,an example of
another configuration of the motion-blur adjusting unit 106.

Fig. 88 illustrates an example of a model in which the

- 20 relationships between pixel values and foreground components
are indicated.

Fig. 89iilld§trates the Calculation of foreground
components.

Fig. 90 illustfates the calculation of foreground

25 components.



ngsit,

25 processing. 2, 2 DEC 2005 - 30 Fig. 102A illustr the s esi s
service billing processing. Fig. 102B illustrates tﬁ%ﬁg?ﬁ?ﬁ?§¥§&£ervice

billing processing. 5 Fig. 102C illustrates the synthesis. service billing
processing. Fig. 103 illustrates a real-tinme synthesis service offered by
the canera termnal device. Fig. 104 illustrates another enbodi nent of a
canera termnal device. Fig. 105 is a flowhart illustrating the real-tine

synt hesi s service processing perfo[n?g by the canera term nal device. Fig. .
106 illustrates the real-tinme synthesi's service 15 offered by the canera
term nal device. Fig. 107 illustrates the real-tinme synthesis service
offered by the canera term nal device. Best Mdde for Carrying Qut the

| nvention 2 iE.g.913 iis laudiloatadman Ehbosineninoftian preges pingessi ng
system according to the present invention The inage processing system of

t he pr eREHRIRPHEH it iqie | bes  contabradpie, 2afeasgraundrmi nal device 2, a
television termnal device 3, a billing server 5, a 25 _financial server

(for customérf-6°%and & piliesikc icHlaggesy ek 1 s Deteise rapegse
configuration of the function of. the image processing
5 apparatus.
Fig. 93 illustrates the configuration of a synthesizer
1001. |
Fig. 94 is a block diagram illustrating s5till ancther
configuration éf the function of the image processing

10 apparatus.

Ry

Fig. 95 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.
Fig. 96 is a bloék diagram illustrating the
configuration of a fofeground/background separator 1102,
15 'Fig. 97 is alblock diagram illustrating still another
configuration of the function of the image processing
_ apparatus. f
Fig. 98 illustrates the configuration of a synthesizer
1201.
.'20 - Fig. 99 is a flowchart iilustrating the synthesis
service processing performed by the camera terminal device.
Fig. 100 is a flowchart illustrating the synthesis
service billing processing.

Fig. 101 illustrates the synthesis servicerbilling

25 processing.




31 - (for provider) 7, which are connected with one another over a network

"1, such as the Internet, and which can exchange data mﬁth,on%deKEEEBQ The

I

canmera termnal device 2 1j'i captures inmges, separates/conbines the

captured images in .5 real time, and displays the images- Fees are charged
for separating and conbining the images. For exanple, provided that the
canera termnal device 2 is to be rented out, fees for separating and
conbi ning i mages may be charged by the billing server 5 via the network 1

so as to transfer the .11; 10 fees fréth the user's financial server 6 to the -

provider's (for exanple, a service provider renting the canera term na
device 2) financial server 7. The television set termnal device 3
separ at es arfFigmdedaptlined tires carersymadste sdrfvideaitiimy conbi nes
the i mage portions, and displays the 15 i nage- Fees for separating and
conbi ni pgothesinpges are sinilarly charged as in the canera tern na
device 2. Fig. 4 illustrates the configuration of the gcanera

t er m nal - deviiee 2 0dt orldiusg nad-etshe- sy egmrithasnveentd on.ceA BGRU ingCent r al
Processing Unit) 21 executes various types of 20 processing according to
progr anBX¢®Fet¥n a ROM (Read Only Menory) 22 or in a storage unit 28.
Prograns executed by the CPU 21 and data are stored in a RAM (Random
Access Mendryd- 29%s idqnttedesThd ecpynthestiise sRaoWize bddd itdee RAM: 23 are
connected to each other by a bus 24_ 25 An input/output interface 25 is

al so cdMBCEEH 19D t he

Fig. 103 illustrates a real-time: synthesis service
offered by the camera terminal device.

Fig. 104 illustrates another embodiment of a camera

°‘Qﬁ10 terminal device.

Fig. ld5 is a flowchart illustrating the real-time
synthesis service ﬁrocessing performed by the camera
terminal device.

Fig. 1067111ustratés the real-time synthesis service

15 offered by the camera terminal device.
Eig. 107 illustrates the reai—time synthesis service

offered by the camera terminal device.

Best Mode for Carryiﬁg Out the Invention
20 _ Fig. 3 illustrates an embodiment of an image processing,
-system according to the present invention. |
Thg image prgcessing sxgtem of the present invention
includes, for example, a camera terminal device 2, a

television terminal device 3, a billing server 5, a

25 financial server (for customer) 6, and a financial server



2' 2 DEC 2005 - 32 CPU 21 via a bus 44. An i nput unhﬁ 26, mhlch RS forned
of a keyboard, a nouse, a mcrophone, and so on, %ﬂegﬁW§ﬁ€ 0%nit 27,
which is forned of a display, a speaker, and so on, are connected to t he

i nput/output interface 25. The CPU 21 5 executes various types of
processing in response to a command input fromthe input unit 26 including
a shutter button and various input keys. Also, a sensor 26a serving as an

i mage- capturing device is connected to the input unit 26, and captured

i mages are input thereto. The CPU 21 3302 out puts i mages and audi o obt ai ned
as aresult of processing to the output unit 27, and the inmges are

di spl ayed on an LCD (Liquid Crystal D splay) 27a. .The storage unit 28
connect &bt e denput7 ouwthiuth drd erdrace-128 iwifloroed ofothor exanple, a
hard di sk, and 15 stores prograns executed by the CPU 21 and various types
of data.neXworimini catdhomsuntitte 2% w@ommaini catdesvivi ¢l @ extetianade devi ce vi a
the Internet or another network. Al so, a program nmay. be_obtained via the
comunitd o thugine 2@ o st orfde: iaamtcha stiemrragﬁiljrrﬁeevﬂée 20 A drive 30
connected to the input/output interface 25 drives a magnetic disk 41, an
opt i calCRBEeA INRgREgn stepa reptesd glondiigle 4 hen capneerhdiea@es msmor y 44, or
the l'i ke, . when such a recording nmediumis attached to the drive 30,
andSobt%5als t&“ﬁ’r ogPamddErdaz. AEg9es -t h& eaoraes pamiigra 266 medi um  The

obtalnedpp ramor data is transferred to the 22 Decenber 2005
arating and combining the images. For example, provided

that the camera terminal device 2 is'to be rented out, fees
for separating and combining images may be charged by the
billing server 5 via the network 1 so as to transfer the

510 fees from the user's finéncial server 6 to the provider's
(for example, a service provider renting the camera terminal
device 2) finan;ial server 7. The television set terminal
dévice 3 separates an image captured by a camera device 4 in
real time, cqmbines the image portions, and displays the

15 image. ?ees for separating and combining the images are
similarly charged as in_thg_camera terminai device 2.

Fig. 4 iliustrates thefconfiguration_of the camera
terminal device 2_according to the present invention. A CPU
{Central ProcéSSing Unit) 21 executes various types of

20 processing according to programs stéred in a ROM (Read Only
Memory) 22 or in a sto:age unit 28. Programs exeﬁuted by
the CPU 21 aﬁd dé%a are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM
23 are connected to each other by a bus 24.

25 An input/output interface 25 is also connected to the




- 33 storage unit 28 and stored therein if necessary. Fig. 5 shows the
configuration of the television set 3 according to the presentlbngﬁ?gmﬂn. ,
The configuration of the television set 3 is basically the san® ‘a hat of
the 5 canera term nal device 2. Specifically, a CPU 51, a ROM 52, a RAM

53, a bus 54, an input/output interface 55, an input unit 56, an output
unit 57, a storage unit 58, a comunication unit 59, a drive 60, a
magnetic disk 61, an optical disk 62, a magneto-opticafF disk 63, and a 10
sem conductor nenory 64 of the tel vi'di 6n set term nal device 3 correspond -

to the CPU 21, the ROM 22, the RAM 23, the bus 24, the input/output §
interface 25, the input unit 26, the output unit 27, the storage unit 28., |
t he conf@titi 2at voa aubiis 29, the itnhpue 30itthé, nmagbehi tsdiskmdd, ofhe opti cal é
15 disk 52, the magneto---optical disk 53, -and the sem conductor nenory
54, resperbpasly, aohothe, caneiarevphonaal addvsceoR, and ahi suepanpl e, as

shown in Figs. 1A and 1B, the canera device 4~is connected to the 5
comuni BBEfoR7unhich b formededbvasibapiay.tearspeakedevine 3¢ and j
captured images are_ 20 .input thereto. Since the basic configurations of B
the bil PFRgcSBreeres, tot Hee fimane/ antBetverterbrceud? oneFle 6CPANYL t he |
fingncial server (for provider) 7 are simlar to that of the television |
set Y er AFRGF L AR VY REIQUS BERPT p?f ORSOEREP LY AR eTCIBORTH t¥@2 212 DEC~ 2005 |

- 34 . -
command input from the input unit 26 including a shutter

button and various input keys. Also, a sensor 26a serving

as an image—capturing defice is connected to the ihput unit
26, and captured images are input thereto. The CPU 21
{(Ejlo - outputs images and audic obtained as a resultrof processing
to the dutput unit 27, and the images are displayed on an
LCD (Liquid Crystal Display) 27a.
The storage unit 28 connected to.the input/output
interface 25 is formed of, for example, a hard disk, and

15 stores programs executed by the CPU 21 and various types of
data. A communication uniy 29 commﬁnicates with an external
device via the Internet or another network.

Also, a program may be obtained via the communication
unit 29 and stored in the storage unit 28.

29 A drive 30 connected to the input/éutput interface 25
drives a magnetic disk 41, an optiéal disc 42, a magnéto—
optical disk'43,'é'semicondﬁctor memory 44, or the like,
when such a recording médium is attached to the drive 30,
and obtains a program or déta,stored in the.corresponding

25 medium. The obtained program or data is transferred to the



Referring to Fig. 6, the canera termnal device 2 wll| now be described. 6
A signal processor 71 of the canera terminat device 222 Recemhesdl8% s, on the
basis of an inmage input froman inmage 5 capturing unit 74 (corresponding to
a sensor 76a shown in Fig. 4) or an image input froma unit other than the
image- capturing unit 74, the input imge on a display unit 73 w thout
changi ng the input inmge- Also, the signal processor 71 generates any one
of the foreground of the 10 input i_nggte),_ t he background:of the input image,
a i synthesized i mage generated by c ining the foreground of the input
i mge and a background prestored in an inage storage unit 72, a ‘
synt hesi zed i mage generated by conbining the background of the input inmage
and a faFegreandrpkedd ored 96oradt beetabgel Stror@gesamyt 72, a synt hesi zed
i mage generated . by conbining a foreground and a background prestored in
the i mage stor&ge FHaws7 Lhey danfdgriomtd iy et dhed el atie iqraget 3
storage-unit 72, and a background prestored in the image s . torage unit 72
and di sPFa9sathe tRndtatReesagelwrer bion 20 e prent igitaymnmof mage i nput
to the Efﬁ n;gl controller 71 needs not_to be an inmage. Specifically, when
di spl ay % AT UHHRR filerd bt Raf TRkl b anmgEs B et dilspl ay unit
73, 5t hecasligngltézlpnrl]itrcilnl r. 71 %ores the inmages in the imge storazqe 25
uni £ 72°Whi T2 &39S dfet‘f"f'ecef to%%%?‘n“f]rﬁb]gly('t [fe GHY i3l @ ROM 52
a RAM 53, a bus 54, an input/output interface 55, an input
unit 56, an output unit 57, a storage unit 58, a
communication unit 59, a drive 60, a magnetic disk 61, an
optical disk 62, a magneto—optical disk 63, and a
10 semiconductor memory 64 of the television set terminal
device 3 correspond to the CPU 21, the ROM 22, the RaM 23,
the bus 24, the input/output interface 25, the input unit 26,
the output unit 27, the storage unit 28, the communication
unit 29, the drive 30, the magnetic disk 41, the optical
15  disk 52, the magneto-optical disk 53, and the semiconductor
memory 547 respectively, of the camera terminal device 2.
In this examplé, as shown in Figs. 1A and 1B, the camera
device 4 is connected to the communication unit 59 of the
television set terminal device 3, and captured images are
20 . input thereto.
Since the basic configurations of the billing server 5,
the financial servér (for customer) 6, and the financial
server (for provider) 7 afe similar to that of the

~ television set terminal device 3, descriptions thereof are

25 omitted.



22 Decenber 2005 -- 3 5 assigned to each of a foreground conpongg%ningﬁﬁ%
a background conponent inage, and a synthesized imge). By inpdt PRE
image | D specifying the stored image, the signal controller 71 uses, as an
input inmage, an image 5 corresponding to the inmage I D anong the inmages
stored in the image storage unit 72. A billing processor 75 cooperates Wi th
the billing. server 5 via the network 1-in performng the billing
processing for charging fees for the inage separation processing. or.inmage
synt hesi s processing perforned by theisignal processor 71. The billing
processor 75 stores the ID thereof and, when performng the billing
processing, transmts the ID along with the user ID, authentication.

infornation,RaﬂdrgmggfggsFlg the Phil LRG58 V8 mPraldabeiakl s @f1{he signal
processor 71 will be described later with reference to.Fig_ 8. Referring

to Fi g. nbw beedesrfiigecati on of the television set termnal device 3 will
now be described. The configuration of the television set term nal :
devi ce. 3 i s Ahsi@Basepnecassbharl obrt bige Coniepat £ Ak T desy Lee 2 except for
the fact that the television set termnal device 3 does not include the :
inage-cééﬁnﬂﬁmg,unhttﬁé,bahﬁshofsahnmhadedihputtheomaaaramhgéninaI devi ce
2, and instead includes a tuner 84 for outputting an inage captured by the
ext et naFaphiHELAY 2BideVitcdcarpespanilimgetnat henborn76& ahoWASCn( Nat i onal

2~ 2 DEC 2005
Fig. 4) or an image input from a unit other than the image—
capturing unit 74, the input image on a display unit 73
without changing the input image. Also, the signal
processcor 71.generates any oné of the foreground of the
;”ﬁglo inpu# image, the backgrﬁund of the input image, a
synthesized image generated by combining the foreground of
the input image-and a background prestored in an image
storage unit 72, a synthesized image génerated by combining
the-backgroupd of the input image and a foreground prestored
15 in the image étorage uni£ 72, a synthesized image generated
by combining a foreground and a background prestored in the
image storage unit 72, a féreground prestored in the image
storagefunit 72, ana a background prestored in the image
storage unit 72 and displays'the generated image on the
. 20  display unit 73. |
An image inpﬁt to the signal conﬁroller 71 needs not to
be an image-' Spééifically, when displaying therabove—
described various oufput images on the display unit 73, the

signal controller 71 stores the.images in the image storage

25 unit 72 while assigning the ID to each image {(the ID is



L

iy

Tel evi si on St andards Conmi ttee) signal generated fromz pteshberagnetic
waves received by an antenna (not shown) to a signal processor 81. That
is, the signal processor 81, an imge storage unit 82, a display unit 83,

and a billing 5 processor 85 of the television set termnal device 3
correspond to the signal processor 71, the inmmge storage unit 72, the
display unit 73, and the billing processor 75, respectively, of the canera

term nal device 2, and descriptions_thereof are thus omtted. 10 Wth
reference to Fig_ 8, a description“o?stﬁerconfiguration of the signal
processor 71 will be given as follows. A separating portion 91 of the
signal processor 71 separates an input image input fromthe

i mage- capt e unieacioF4 fncidesundpedmpomget Diagh, idamage specified by
the image ID and stored in the inage storage unit 72 into a foreground
conpondm Ckgierjendnebrapdrakig riowrgk . capb ree nd v thegrei zedl imd gt s asesi r ed
image to a synthesizer 92. -In other words, when the. image to be output,

t hat i stPYiHel testhedinamryelD ispadiel y Q6 f e gy ouret componenthe rage, only
t he foreground conponent image of the separated i nage portions is output
to the SyHfte GO BT |1 ciRTastS AheMRIE | ybEe ¢ equiimewdy the i nage
to pe ougput i s the background conponent inmage, only the background
con%onecr’ﬁ SR DG He FPRAEE i hge Ty dére i dirgdss stane dro thwe
syntheshégr 9 The ID.is7é§ Decenber 2005 - 37 assigned to each imge
out put T6%He Feddr o2, and |

A billing processor 75 cooperates with thé billing
server 5 via the network 1 in performing the billing-
processing for charging fees for the image separation

EIO processing or image synthesis processing performed by the
signal processor 71. The billing processor 75 stores the ID
thereof and, when performing the billing processing,
transmits the ID along with the user ID, authentication
information, and the fees to the billing server 5.

i5 Defails of the signal processor 71 will be described
later with reference to Fig. 8. |

Referring to Fig. 7, the configuraﬁion of the
television set terminal device 3 will now be described. The
configuration of the television set terminal device.3 is the

20 .same as that of the.camera terminal device 2 except for the
fact that the felevision set terminal device 3 dqes not
include the imagéicapturing unit 74, which isrincluded in
the camera terminal device 2, and instead includes a tuner
84 for outputting an image captured by the external camera

25 device 4 or an image in the form of an NTSC (National




each image is thus stored in the inmage storage unit 72_ Needl ess to say,
"the separating portion 91 can output the input imge to the synthesizer 92
wi t hout separating the 5 input inmage- In this case, the separza? iDEQ 8 ti on
91 . assignees the IDto the output inage and stores the output imge in
the image storage unit 72. |If necessary, the synthesizer 92 conbines the
image input fromthe separating portion 91 with an imge stored in /10 the
i mge storage unit 72 to synthesize an inage and out puts the synthesized

i mage- Specifically, when outputting3he foreground or the background of
the input imge, the synthesizer 92 outputs the foreground conponent inmage
or the background conponent inmage input fromthe separating portion 15 91

wi t hout rghadgkngnt Beaf QL £95 0&%%99@85199%311%9 eRLribgs Pagkground

conponent i mage-, \Wen outputting a synthesize I mage generated by

combi ni agetbech9fiREEPUNGaPESt PecL DPEY bynﬁﬂeaﬁegnﬁab@ﬁgerQHHQnPrﬁétOred in
the image storage unit 72 or when outputting a synthesized i nage generated

by 20 canbighay phecbaskgrgund sfiathesi nput hﬂ@ﬂ@la@ﬂoéééQéﬁgﬁQunQn
prestored in the i mage storage unit 72, the synthesizer 92 onbi nes the

f or egr oindge ogponegt uLnBYEsD| &hm@gsggraﬂmd sspn@@cﬂle@tbinﬁgﬁgl nput from
the separating portion 91 with a background conponent inage or a

f or égr opndcessponghtof nelge &lpvisionedetntéheinangeesioeage unit 72 to
synt hesi ze an 7 2 DEC 2006 - 38 inage and outputs the synthesized inmage.
Wien outpurespond tsybhhdesigedl i pegeegeoer at edtivy ooendé nshgragéor egr ound

and a
unit 72, the display unit 73, and the billing processor 75,

respectively, of the camera terminal device 2, and

descriptions thereof are thus omitted.

..;ilO With reference to Fig. 8, a description of the
configuration of the signal processor 7llwill be given as
follows.

A separating portion 91 of the signal processor 71
separates an_input image input from the image-capturing unit

15 74, another iﬁput image, or an image specified by the image
ip and stored in the image storage unit 72 into a foreground
component image and a background component imége and ocutputs
a dési;éd image to a synthesizer 92. In other words, when
the image to be output, that is, the desired image, is the

20 foreground component image, only the_foreground‘compénent
image of the separated image portions is output to the
synthesizer 92- —in contrast, when an image required by the
image to'be-output is the background component image, only

the background component-image of the separated image

25 portions is output to the synthesizer 92. The ID is




v—

background prestored in the .inage storage unit 72, a 24 pegsghiasrdopr est ored
in the image storage unit 72, or a 5 background prestored in the inmage
storage unit 72, the synthesizer 92 conbines a foreground conponent i mage
and a background conmponent inmage prestored in the imge storage unit 72
to synthesize an i mage -and out puts the synthesized .inage or outputs a
foreground conponent image or a 10 background conponent image prestored in
the image storage unit 72 w thout changi ng the foreground conponent inmage
or the background conponent imge. %He‘billing processor 75 perfornms the
billing processing when the separating portion 91 perforns the 15
separation processing or when the synthesizer 92 perfornms the conbining

pr ocessigwgndbrtd e ctepaiiage noupelt i o He speshaoiz@erddr maide separation
processi ng and outputs the i mage without changing it to the synthesizer 92,
or wheredade impg Hesitdiers %ok simotheifiagen 4 heragerbami ©g7 pr ocessi ng and
20 outputs the inmage w thout changing it., fees may notsbe charged. Fig. 9
is a blNgdidsyrmsad usthratsenpp tdeine peation 9boran cougdut | thaloes not
matter whether the individual functions of 25 the separating portion 91 are
i npl emeMRBY By dwartdeors etiteserderd 2006tho89 sepdrafieg Thmt is, the
bl ock di agrans of this specification my be hardware bl ock di agrans or

sof £ wareH i tedsal HmoﬁwiﬁﬁQﬁﬁ%Mﬁﬁhe separating portion 91

assignees the ID to the output image and stores the output
image in the image storage unit 72.
If necessary, the synthesizer 92 combines the image
input from the separating portion 91 with an image stored in
le the image storage unit 72 to synthesize an image and outputs
the synthesized image. Specifically, when outputting the
foreground or the background of the input image, the -
‘synthesizer 92 outputs the foreground component image or the
"background componéht image input from the separating portion
15 91 without changing the foreground component image or the
background component image? When outputting a synthesized
image generated by combiniﬁg the foregrouﬁd of the input
image and a background prestored in the image storage unit
. 72 or when outputting a synthesized image generated by
20 combining the background of the input image and a foregrbund
prestored in the imagé storage unit 72, the synthesizer 92
Eombines the‘forééround component image or'thé background
'éomponent image input from the separating portion 91 with a
background compénent image or a foreground component image

.25 prestored in the image storage unit 72 to synthesize an



An i nput inmage supplied to the separating portion 91 is 5 supplied to an
obj ect extracting unit 101, an area specifying unit 103, a m xture-ratio
cal culator 104, and a foreground/ background separator 105. ZReD&Egbpget
extracting unit 101 extracts a rough image object corresponding to a
foreground object contained in the '1110 input image, and supplies the
extracted inage object to a notion detector 102. The object extracting unit
101 detects, for exanple, an outline of the foreground:i mage obj ect
.contained in the input inmage so as t3¥ extract a rough i mage object
corresponding to the foreground object. 15 The object extracting unit 101
extracts a rough inmage, object corresponding to a background object
cont ai nénage bhe ounputsi whge syantesupphi eémaybe eNheacbedpuagagohj ect to
the notion detector 102. The object extracting unit 101 extracts .a rough
i mge- objethesdredspoadiengenerahed2By baskgndéundaolipeeyrbunam ahar aexanpl e,
the difference between the input inage and the extractgd. imge object
cor r espbagkggoungd prestoregdr dunthebjimetre Akberpat wély 72f or exanpl e, the
obj ect extracting unit 101 may extract the rough i nage object

cor r espbRALAGOLBCt REes YT edr bfr bhAadivbpecstandgehenisudgR.i mage obj ect
correspondi ng 2! 2 DEC 2005 - 40 to the background object from

t he. ifP@FEﬂgguﬁgtﬁé@ﬁtPﬁéd_béckb?oﬁﬁéanﬁééréﬁérEHan &-btihet-in

backgr ound npry a the_ i nput image. The notion detector 102 cal cul at es
g QEQEB}Z%F 89 combineg a forgground component image and a

a nmoti oftY
background component image prestored in the image storage
unit 72 to synthesize an image and outputs the synthesized
-image or outputs a foreground component image or a
..+ 10 background component imége prestored in the image Storage
unit 72 without changing the foreground component image or
the background component image.
The billing processor 75 performsrthe billing
processing when the separating portion 91 performs the
15 separation prbcessing or when the synthesizer 92 performs
the combining processing. ;When the separating portion 91
does not perform the separ;tion processing and outputs the
image without changing it to the synthesizer 92, or when the
synthesizer 92 does™not perform the combining precessing and
20 outputs the image without changing it, fees may not be
charged.
Fig. ¢ is alﬁlock~diagfam illustrating the separating
portion 91,
It does not mattér whether the individual functions of

25 the separating portion 91 are implemented by hardware or




5 the roughly extracted i mage object corresponding to,the  for und- _
obj ect acgoréing to a techn?que,lsuch as blgck ngtc%? 6?96P 5?@%?, phase
correlation, or pel-recursive technique, and supplies the cal cul ated
notion vector and the notion-vector positional information (which is
information 10 for specifying the positions of the pixels corresponding to
the notion vector) to the area specifying unit 103 and a notion-blur
adjusting unit 106. The notion vector output fromthe notion detector 102
contains information correspondi ng—t@% e amount of novement 15 v. The
notion detector 102 may out put the notion vector of each image object,

together with the pixel positional information for specifying the pixels

of the $oBERapy| eCthat tDs | NendDb] OOk bhYEgRSRESEENSH YA §pd86ri 20+ TBE anount
of novenent v is a value indicating a pos itional change in an inmge

cor r espaagi g hordwdDY i Bihclobg Bedrims UBkt Soptwhhe pixetiphithblbex exanpl e,
if an object inmage corresponding to a foreground is npying such that it
i's di splaygdamt. a position-four pixels away froma 25 reference frane when
it is positioned. in the subsequent 22 Decenber 2005 - 41 frane, the

amount of mAvenmputy iokagehe uplpléctid itagehe coFpaaspond nep ttoidhe ¥ arsegr ound
is 4.. The object extracting unit 101 and the notion detector 102 are
needed StHaml Beff e iary atheecthountrof t oy i wnibl P15 @eraeeponding to a moving
ObJeCt'specifying unit 103, a mixture—ratio calculator 104, and a
foreground/background separatof 105.
The object extracting unit 101 extracts a rough image
object cotresponding to a foreground object contained in the

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

15 " The object extracting unit 101 extracts a rough image
object corréspond}ng to a packground object contained in the
iﬁpﬁt image, and supplies £he extracted image object to the
motion detector 102. The object éxtracting unit 101
extracts a rough image object corresponding to the

20 . background object from, for example, the difference between
the input image and the extracted image object corresponding

" to the foregfouné‘object."
Alternatively, for example, the object extracting unit

101 may extract the rough image object corresponding to the

25 ‘ﬁoreground object and the rough image object corresponding




The area specifying unit 103 determ nes to which of a foréground area, a
“background area, or a mixed area each pixel of the input irage bel ongs,
and supplies information indicating to which area each pi xel bg@qngsmm5
(hereinafter ,, 6 10 referred to as "area information") to the _
m xture-ratio calculator 104, the foreground/ background separator 105, and
the notion.-blur adjusting unit 106. The m xture-ratio cal cul ator 104
calculates the mxture ratio corresponding to the pixeks contained in a
m xed area 15 (hereinafter referred-4%% as the "m xture ratio (") based on
the input image and the area information supplied fromthe area specifying
unit 103, and supplies the calculated mxture ratio to. the

f or egr oundthackgepgneusepapabet £06m The ALixkurentat betaecksarual ue
indicating the ratio of 20 the inmage conponents corresponding to the
backgr obadkgbpentl {hegei sabted ahse beailefenrpdckgrasndbaskgegouadd
conponents”) to the pixel value as expressed by equation (3), which is
shown behewinfht imaeground/ background separator 105 separates the 25

i nput image. into a foreground conponent inmage fornmed of only 2-2. DEG 2005
- 4 2 the iThyyeugomporbattes tor reshorall aylaied e ot bep cordtobj et
(hereinafter also be referred to as "foreground conponents”) and a

backiyr obii® Ednghent=t ragked ot ede ofbdREY ehErpaeRBEbAEdteohPONent s based
on the agrea infornatjon supplied 5 fromthe area specifying unit 103. and
the m xtRFRIFARS P EeMHhl FeeFrdbnyt he #i kecheiqati oSeahcarabberchos, and

suppl i es . . . .
matching, gradient, phase correlation, or pel-recursive

technique, and supplies the calculated motion vector and the
motion-vector positional_information {which is information

fief 10. for specifying the posifions of the pixels corresponding to
the motion vector) to the area specifying unit 103 and a
motion—-blur adjusting unit 106.

The motion vector output from the motion detector 102
contains infprmation corresponding to the amount of movement

15 V.

The motion detector 1Q2 may output the motion vector of
each image object, togethe; with the pixel positional
information for specifying the pixels of the imagé object,
to the motion~blur adjusting unit 106.

20 The amount of movement v is a value indicating a
poéitional change.iﬁ.an image corresponding to a moving
object in units 6f'the pixel pitch. For example, if an
obfect image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a

25 reference frame when it is positioned in the subsequent
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the foreground conmponent inmage to the notion-blur adjdsbblghnbdtPobs 106 and a
sel ector 107_ The separated foreground conponent inage nay be set as the
final output. A nore /10 precise foreground and background can be obtai ned
conpared to a known nethod in which only a foreground and a "background are
speci fied-w thout considering the m xed area. The notion-blur adjusting
unit 106 determ nes the unit of processing indicating at |east one. pixel
contained in the 15 foreground conmponent image based on *t he amount of
nmovenent v obtained fromthe notion Wdctor and based on the area
information. The unit of processing is data that specifies a group-of

pi xel s to be subjected to the notion--blur adjustnents. 20 Based on the
anmount byambi chhéhemavhtoafbhbtensntovber agiusbedctWhingRei S i nput to the
separating portion 91, the foreground conponent image supplied fromthe

f or egr ovPY &sphyd bugdtsephe atoredbounsihgsmat i on vector and. the positional
information thereof supplied fromthe notion 25 detector 102, and the unit
of . processi fgie tdhe et it ariR? Deceter 2005the doBiomdjietsédfgr unit 106
adj usts_the anount of notion blur contained in the foreground conponent

i mage bYO% en®i pRededechernsidjus bing ntheashognt hef mpbidnnbblinrcont ai ned in
the_ foreground conponent inmage. The notion-blur adjusting unit 5 106 then
out put SCYHETRAFYHBAUNEL corpenitry ehigetin which ,f, ,:10 11 ti

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

indicating to which area each pixel belongs (hereinafter

., 410  referred to as "area information") to the mixture-ratio

i
calculator 104, the foreground/background separator 105, and

the motion~blur adjusting unit 106.
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 a") based on
the input image and the,arga information supplied from the
area specifying unit 103, And supplies the calculated
mixture ratio to the foreground/background separator 105.
The mixture ratio o is a value indicating the ratio of
20  the image componenfs corresponding to the béckground object
(hereinafter also be referred to as-"background éompohents“}
to thé pixel-valﬁé as expressed by equétion (3), which is
shown below.
| The foreground/background separator 105 separates the

25 input image into a foreground éomponent image formed of only



amount of notion blur is adjusted to the selector 107. It is not essential
that the notion vector and the positional information thereof be used.
Motion blur is a distortion contained in an image correspondi ngc?tﬁ & 2005
novi ng obj ect caused by the novenment of an object to be capturé E t%e
real world and the inmage- capturing characteristics of a sensor. The

sel ector 107 selects one of the foreground conponent inmage supplied from

t he foreground/ background 15 separator 105 and the foreground conponent

i mge in which the anobunt of notion BRur- is adjusted supplied fromthe
not i on- bl ur adjusting unit 106 based on, for exanple, a selection signal
reflecting a user's selection, and outputs the selected foreground

componegho! IRgge okt éé@lggs;;&pﬂﬁthaotﬁge SERREGLhACROLLLON OL 1S

di scussed bel ow wt ence to Figs 0 throug 25" Fig ustrates

i mage- C@Rék’éiﬂi‘&f@@f f OB DY, Bre SEOSOE, ThE BERSGE oA 05 MBI 15 é PT
exanple, a CCD (Charge-Coupl ed Device) video camera provided with a CCD 25

area sess@fa WhEERréSn@ Séthpshist@l fnd JRILo FRAGA Us F NGnB@VERe. 22DEC2005 - 44
An object 112 corresponding to a foreground in the real world noves, for

- exanpl ebadiogiaoid akdypdiantd head@d tod orlidearéghin £ behaessn apuep) eed 111
corresponding to '-a background and the sensor. 5 The sensor captures the

i mage ofrdémetiobj@oda ldZec oy ires ponidt N3 cahdethorejround tagebher with the
| mage Ogupplied from the mixture-ratio calculator 104, and supplies
the foreground component image to fhe motion-blur adjustiﬁg
unit 106 and a selector 107. The separated foreground
component image may be set as the final ocutput. A more
ile 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.
The motion-blur adjusting unit 106 determines the unit
of processing indicating at least one pixel contained in the
15 foreground component image based on the amount of movement v
obtained from the motion Vgctor and based on the area
iﬁférmation. The unit of ﬁrécesSing is data that specifies
a group of pixels'to be‘subjected to the motion-blur
adjustments. |
20 Based on the amount by which the motion blur is-to be
| adjusted, which is input to the separating portion 91, the
foreground cbmpoﬁént image supplied from the
féreground/background separator 105, the motion vector and .

the positional information thereof supplied from the motion

25 detector 102, and the unit of processing, the motion-blur



the object 111 corresponding to the background. The sengQLl.nuitRHEs the
captured inmage in units of franmes. For exanple, the sensor outputs an

i mge having 30 frames per second. 10 The exposure tine of the sensor can
be 1/30 second. The exposure tine is a period fromwhen the sensor starts
.converting input light into electrical'charge until when the conversion
fromthe input light to the electrical charge is finished. The exposure
time is also referred to as a 15 "shutter time". Fig. 11 illustrates the
arrangenment of pixels. In Fig. -1T, 48 through'|'indicate the individual

pi xel s.. The pixels are disposed on a plane of a correspondi ng i mage. One
detecti on device corresponding to each pixel is disposed on 20 the sensor.

When t hadsessbig penferise i s@pes€aptHei BBoutdChr Aekeshi pAudevi ce outputs a
pi xel value of the corresponding pixel formng the i nage. For exanple, the

posi ti ocontathed Ueteicd i bhregydeed BohPen¥ndi eeLHEOBYCREMSSAARIS tOo the
hori zontal direction on the image, while the position of the 25 detection
devi ce dactdes gl rect imtrens iegpohdsnbaibhebiur- contained- in- t+hd2 Decenber
2005 - 45 wvertical direction on the inmage As shown in Fig. 12, the

det ect i boreeveerd awnpdnés; "imdge. ex@npl BptdoCEDlucoaddussinapuhiili ght into
electrical 'charge during a period corresponding to a shutter tine, and 5
st ores 14 eIVt tel e | kufeahenyd. chhponnptnimafie thawbéchs al nost

proportional to the intensity of the input
amount of motion blur "is adjusted to the selector 107. Tt

is not essential that the motion vector and the positional
information thereof be used.
Motion blur is a distortion contained in an image
10 corresponding to a moving object caused by the movement of
an object to be captured in the real world and the image-
capturing characteristics of a sensor.
The selector 107 selects one of the foreground
component image supplied from the foreground/background
157 separator 105 and the foregroﬁnd component image in which
the amount of motion blur %S adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's seiection, and outputs
the selected foreground component image.
20 -~ An input image supplied to the separating portion 91 is
discussed below with reference to Figs.-IO through 25.
Fig. 10 illustrates image—~capturing peffﬁrmed by a
sensor. The sensor is formed of, for example, a CCD
{Charge—Coupled Device) video camera provided with a CCD

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



i ght and the period for which the light is input. The detection device
sequentially adds the electrical charge converted fromthe input [ight to
the stored electrical 110 charge during the period correspond@ﬁboggzhge
shutter time. 8S $ That is, the detection device integrates the inpu

l'ight during the period corresponding to the shutter tine and stores the
el ectrical charge corresponding to the amount of integrated light- It can
be considered that the detection 15 device has an integrating function
with respect to time. The electrieaft4charge stored in the detection device
is converted into a voltage value by a circuit (not shown) , and the

~voltage value is further converted into a .pixel value, such as .digital

data, and s QU Pty JHGUAdIdhg 888 M A0 RGEElLRLLE I Aa T om { he
sensor is a value projected on a  Ilinear spdce, ichis aresult of

i Nt egr afd POd 8udfdd Al fbr JdHRErdl RNSI ANAa PG 10 ¢hd e fAbj1RFtthe
corresponding to the foreground or the background with respect to the
shut t errigh e RScwldd s8PAAdAY PO td I SboddimdC s i Faddganing4 2 DEC
2005 - 46 information enbedded in the output signal, for example, the

m Xt ur earidttloe aserdyprt he storage operation of the sensor. The separating

. portion 91 adjusts the anmount of ~distortion, for exanple, the anount of
_.nmot bon bl ur Theassedoby chbeurbksnitkkeuieagk bliether efgjeundliange obj ect

———

———

itself. The separating portion 91 also adjusts the anount of distortion
corresponding to the foreground together with the image of

the object 111 corresponding to the background. The sensor
outputs the captured image in units of frames. For example,
the sensor outputs an image having 30 frames per second;
1}10 .The exposure time of the sensor can be 1/30 second. The
exposure timelis a period from when the sensor starts °
.converting input light into elgctrical'chatge until when the
conversion from the input light to the electrical charge is
finished. The exposure time is also referred to as a
15 "shutter timé“.
| Fig. 11 illustrates the arrangement of pixels. In Fig.
‘11, A through I -indicate tﬂé individual pixels. The pixels
are disposed on a plane of a cérresponding image. One
‘detection device corresponding to eaeh pixel is disposed on
20 the sensor. When the'sensdr performs image-capturing, each
detection device outputs a pixel value of the corresponding
pixel formiﬁg thé-image- For example, the poéition of the
detection device in the X direction corresponds to the
horizontal direction on the image, whilg the position of the

25 detection device ‘in the Y direction corresponds to the




|

only fromthe backgraundigonponemrhs, dehabtlisn We&ic2d WHRQE, Gnponents

caused by the m xture of the foreground i nage object %%Ekééﬁ?eggﬂﬁ¥ground

i mge object. Figs. 13A and 13B illustrate an i nage obtaine y 21110
i mage-capturing an object corresponding to a noving foreground and an
obj ect corresponding to a stationary background. Fig 13A illustrates an

i mge obtained by capturing a noving object corresponding to a foreground
and a stationary object corresponding to a background. In the 15 exanple
shown in Fig. 13A, the object corresponding to the foreground is noving
horizontally fromthe left to the Tight— with respect to the screen. Fig.
13B il lustrates a nodel obtai ned by expandi ng pi xel values corresponding to
one.line of the image shown in 20 Fig. 13A in the tine direction. The

hori zontet t T4l cti @t tShWbd ntHd GimakaB corresponds to the spatial direction
Xin Fig. 13A The values of the pixels in the background area are .forned

correspondi ng to.the background object 22 Decenber 2005 - 4 7 - The val ues
of the Ppixetsnpld he funegraanie rarsed i fidrgmd iandy dreum #heaf or egr ound
conponents, that is, the inmage conponents corresponding to the foreground
obj ect chferasaldyvesingf at Ipe rpioxelce rofe stjvmdiinke dcare astarec dorrate 5 {uom t he
background conponents and the foreground conponents- Since the val ues of

t he?pi B g thise cpinved tade & larcd rieartedhafngem t Hhehaokgrounge conponent s and

t he foreground conponents,
charge is almost proportional to the intensity of the input

light and the period for which the light is input. The %

detection device sequentially adds the electrical charge

converted from the input_light to the stored electricai
_@10 charge during the period corresponding to the shutter time.
That is, the detection device integrates the input light
during the period corresponding to the shutter time and
stores the electrical chérge corresponding to the amount of
integrated light. It can be considered that the detection
15 device has an integrating function with respect to time.

The electrical charge §tored in the detection device is
canerted into a voltage vélue by a .circuit’ (not shown), and
the voltage value is further converted into a pixel value,
such as digital data; and is output. Accordingly, each

20 pixel value output from the sensor is a value projected on a
linear space, which is a result of integrating a certain’
threefdimensionaiﬂportion of the object corresponding to the
foreground or the background with respect toe the shufter
time. |

25 The Separating portion 91 extracts significant



it may be referred to as a "distortion area"_ The nmixed area is further
classified into a covered background area 10 and an uncover edypagpegpgsind

~area. The covered background area is a mxed area at a position

corresponding to the |eading end in the direction in which the foreground
object is noving, where the background conponents are gradually covered
with the 15 foreground over tine. In contrast, the uncovered background
area is a mxed area corresponding-to the trailing end:in-the direction in
whi ch the foreground object is novings where the background conponents
gradual |y appear over tinme 20 As di scussed .above, the inage containing the
foreground area, the background area, or the covered background area or

Lhe o-anebetlabackILAHRdaBh eRy SnbIBHERLEL 03 LRE) 2 SR SBEREYL Nl | 1O,

the m xture-ratio calc regfound/ rotun %eparator

105 as hAQcLpBULaETBO8, 15cFLOstldabh! UsLLalesntbe backgrpund area the

foreground 2.2 DEC ar ea, e m xed area, the.covered background.

area, amdet BepaHAEONE! 8OrbackIs0URd; a5Ea dhsCuased: aBPVE: sLoL s, areas
corresponding to the image shown in Figs. 13A and 13B, the background area

i's a sta@biroBRaypPerttRA, ambent 05 LOROHIEh A EAr D ESude DNy NEhPOrtion, :the
covered. background area of the 10 m xed area 1s a portion that changes from
t he bachground 6 the foreground image object itself. The
separating portion 91 also adjusts the amount of distortion
caused by the mixture of the fdreground image object and the
background image object.

Figs. 13A and 13B illustrate an image obtained by
image-capturing an object corresponding to a moving
foreground and an object corréspondinq to a stationary
background. Fig. 13A illustrates an image obtained by
capturing a moving object corresponding to a foreground and
a stationary object corresponding to a background. In the
15 example shown in Fig. 13A, the object corresponding to the

foreground is moving horizgntally from the left to the right

“with respeét to the screen.
Fid. 13B illustrates a model obtained by expanding
pixel values corresponding to one line of the image shown in
20 Fig. 13A in the time direction. The horizontal direction
Shown'in Fig. 13B corresponds to the'spatial direction X in
Fig. 13A. B | |
The values of the pixeis in the background area are

. formed only from the background'components, that is, the

"25 image components corresponding to the béckground object.




" corresponding to the o

t he foreground, and the uncovered background area of the mXed area is a
portion that changes fromthe foreground to the backs pusdinbdrizoos 15 -
illustrates a nodel obtained by expanding in the tinme direction the pixel
val ues of the pixels aligned side-by-side in the inmage obtained by
capturing the imge of the object corresponding to the stationary
foreground and the imge of.the object corresponding to the stationary 15
background- For exanple, as the pixels aligned side-by-side, pixels
arranged in one line on the screen-cdfi be sel ected. The pixel val ues

i ndi cated by FO1 through FO4 shown in Fig. 15-are values of the pixels
corresponding to the object of the stationary foreground- The pixel val ues

i ndi cat e by, 1205 BO% £@éoaglee§9f%§h% k&rgége%&é BLE, Vel des, pfohhe pixels

ject o e stationa ackground. The verti cal

directi @myNeFbd- the EOFEESBARES bRpbhER s angnit nesel apsesnigom the top to
the bottomin Fig. 15. The ,position at-the top side of the rectangle in

Fi 9. 15c3Rp60ehesPepssesponiiifyt tHELRE Whi&Hrbhed SepserErstarts 22 Decenber
2005 - 49 converting input light into electrical charge, and the position
at the bottahRsiwa wis tde tect@ng e idr Rt mixeL A reSpaRdSdaddie tine at

~which the conversion' fromthe input light into the electrical charge is

fi nissheflroihébei back§rbhaddicsinpnaentsoantihe hieO[f osiede cumdt hempetricmmssi de of
the rectangle in Fig_ 15 corresponds to the shutter tinme. The pixels shown
in Fi g Sifcareheddeszludedohetiow pixels in the mixed area are formed

from the background components and the foreground components,

it may be referred to as a "distortion area". The mixed

area is further classified into a covered background area
;10 and an uncovered background area.

The covered background area is a mixed area at a

position oorresponding to the leading end in the direction

in which the foreground object is moving, where the

background components are gradually covered with the
15 foreground over time.

In contrast, the uncovered background area is a mixed

area corresponding-to fhe érailing end in the direction in

which the foreground object is moving, where the background

components gradually appear over time_.
20 . As discussed above, the image-oOntaining the foreground

area, the background area, or the covered-beckground area or

the uncovered baokground area is input into the area

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

the foreground/background separator 105 as the input image.

_25' Fig. 14 illustrates the background area, the foreground
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~assumng that, for exanple, the shutter tine is equal to the frane size.
The horizontal direction in Fig. 15 corresponds to the spatial direction X
in Fig. 13A. Mre specifically, in the exanple shown in Fig.215DEC 805

di stance fromthe left side of the rectangle indicated by "FO1" in Fig. 15
to the right side of the rectangle indicated by "B04" is eight tinmes the
15 pixel pitch, i.e., eight consecutive pixels. Wen the foreground object
and the background object are stationary, the light input into the sensor
does not change during the period-céBresponding to the shutter time.- The
period corresponding to the shutter tine is divided 20 into two or nore
portions of equal periods. For exanple, if the nunber of virtual divided

portiongrés, 4end hei fmeel - sNoWhe | dbFd ea s S Rfad B RSENURY Qye t he nodel

shown in Fig. 9. The nunber of virtual divided portions can be set

accor di fgcot@réd paME urtl JMELMRIcs g tAoRD) eatn Gafd espMli ng to 25
the foreground within the shutter tinme- For exanple, the 50 nunber of

Vi 1t ual celi vésiesh@oid | eSS Selgd GHbwhan ties . amunndf1Imyemant v is 4,
and the period corresponding to the shutter tine is divided into four
porti onsadbhgropperamst id ne dtadikengdiagsant cal r aspontsdagr-direl Safda st
di vi ded period fromwhen the shutter has opened. The second |line in the
di agr am £ oz rrespong pdt itdre, sewonbwhnadidehclgerawd farem whfenchene shutter has
opened. The third line in the diagramcorresponds to the third divided
periodfmiiﬁﬂ area is a portion that changes from the background to
the foregroupd, and the uncovered background area of the
mixed area is a portion that chaﬁges from the foreground to
the background.
{{3210 Fig. 15 illustrates a model obtained by expanding in
the time direction the pixel values of the pixels aligned
side~by-side in the image obtained by capturing the image of
the object corresponding to the stationary foreground and
the image of.the object corresponding to the stationary
15 backgréund. For exaﬁple, as the pixels aligned side—by;side,
pixels arranged in one line on the screen can be selected.
The pixel values indiéated by FO01 through F04 shown in
' Fig. 15 are values of the pixels corresponding to ﬁhe object
of the stationary foreground. The pixel values indicéted by
20 . BO1 through B04 shown in Fig. 15 are values of the pixels
corresponding to the object of the stationary background.
The verticaiidiréction—in Fig. 15 corresponds to time,
and time elapses from the top to the bottom in Fig. 15. The .
position at. the top side of the rectangle in Fig. 15

25 éorresponds to the time at which the sensor starts
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when the shutter has opened. The fourth line in the diagram 10 corresponds
to the fourth divided period fromwhen the shutter hzsDegsnsst.2006e shutter
time divided in accordance with the anount of novenent v is also.
hereinafter referred to as the "shutter tinme/v" 15 Wien the object
corresponding to the foreground is stationary, the light input into the
sensor does not change, and thus, the foreground conponent FOl/v is equal
to the val ue obtained by dividing the pixel value FOL by the nunber '

of 'virtual divided portions. Simlarl4s -when the object 20 corresponding to
the foreground is stationary, the foreground conponent FO02/v is equal to
the val ue obtained by dividing the pixel value FO.2 by the nunber of

VIrtualcodbékQ@HgDQEﬁhen§1gB991£969g5 ?glgggpgﬂgg%ﬁ Ogéé geequal to the

val ue obtai ned by dividing the pixe e nunber of virtual

leldedp@@&thQHSataﬂﬂetB@t&@ﬁegieengfZ%hEEEQB@QB 290§n5§1§0 g”e”t FO4/v is
equal to the value obtained by dividing the plxe val ue FO y the nunber

of virtoakrdspbaes tporhéonsndhen HhecRbLRE! c6RVELSPORTF RGNt erthe
background is 5 stationary, the light input into the sensor does not

change, iapdtt hightt hetbackgr enadtearpanentk rgR1/4y ifS AGuHRId t 0 g sval ue
obt ai ned by dividing the pixel value BOL by the nunber of virtual divided
por 5 onshe Silhstanty, fdrenthdetopj €£le to the bottom side of the

rectangle in Fig. 15 corresponds to the shutter time.

The pixels shown in Fig. 15 are described below
assuming that, for example, the shutter time is equal to the
frame size.

/10 + The horizontal direétion in Fig. 15 corresponds to the
_spatial direction X in Fig. 13A. More speéifically, in the
example shown in Fig. 15, the distance from the left side of
the rectangle indicated by “FO1" in Fig. 15 to the right
side of the rectangle indicated by "B04" is eight fimes the
15 pixel pitch, i.e., eight consecutive pixels,

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

The period éorresponding to the shutterltime is divided

20 -into two or more portions of equal periods. For examplé,,if
the number of &irtual divided‘portions is 4, the model shown
in Fig. 15 can bé.reﬁresented by the model shown in Fig. 9.
‘The number of virtual divided pdrtions can be set according
to the amount of movement v of the object corresponding to

25 the foreground within the shutter time. For example, the




correspondi ng to the background i.s stationary, the background conponent
BO2/v is equal to the val ue obtained by dividing the pixel gpig@cgg§;by
t he nunber of virtual divided portions, the background conponent /v is
equal to the value obtained by dividing the pixel value B03 by the nunber
of virtual divided portions, and the background 15 conponent B04/v is equal
to the value obtained by dividing the pixel value B04 by the nunber of
virtual divided portions Mre specifically, when the object corresponding
to the foreground is stationary, thed i-ght corresponding to the .20
foreground object input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the foreground conponent

FOLI v CRLEESRORd! U9 L0a1t e, LHEST RRLLLAY of L0e SAULL ef L1 ppLy from when

the shutter has opene Oor eground conponent ?responding to

the SECQﬁguHQerOHOQEm%H? shuLt gr LLHEQMezé?EE§?298§rés§gndié$n%Mhen the

shutter has opened, th or egrouhd conpone /v correspondrng to the

third penti eAudtebheifbuttes: vihaR/ Yntbomubep thesghutter has opened, and
the foreground conponent FOl/v corresponding to the fourth portion of the

5 shutter tamed wigamohen ihe shutlera ias APeRSO LEEHEs the ysame val ue.
The sanme applies to FO2/v through FO4/v, as in the case of FA/v. Wen the

obj éct Corsesponiliiag peribe backowRUAdchs sBELatEONREY, opbRedii Ohihe
correspondi ng to the background obj ect ,
second line in the diagram corresponds to the second divided
period from when the shutter has opened. The third line in
the diagram corresponds to the third divided period from
when the shutter has opened. The fourth line in the diagram
#r;{lﬁ corresponds to the fourth divided period from when the
‘shutter has opened.
The shutter time divided in accordance with the amount
of movement v is also hereinafter referred to as the
- "shutter time/v".
i5 When tﬁe object corresponding to the foreground is
stationary, the light inpu? into the sensor does not change,
and'thus, the foreground component F01l/v is equal to the
value obtained by dividing the pixel value F01 by the number
of virtual divided portions. Similarly, when the object
.20 corresponding to the foreground is stationary, the
foreground component F02/v is equal to the value obtained by
'dividing the‘pixéi value FOé by the number of virtual
divided portions, the foreground component F03/v is equal to
" the value obtained by dividing the pixel value FO03 by the

25 number of virtual divided portiohs, and the foreground




10 input into the sensor does not change durlng t he perlod correspondlng to
the shutter tinme. Accordingly, the background conpongn 5%ﬂg¥2
corresponding to the first portion of the shutter tlne m%en t he
shutter has opened, the background conponent B01l/v corresponding to the 15
second portion of the shutter tinme/v fromwhen the shutter has opened, the
background, conponent BOl/v corresponding-to the third portion of-the
shutter time/v fromwhen the shutter has opened, and the background
conponent BOl/v corresponding to th&ifeurth portion of "‘the shutter tinme/v
20 from when the shutter has opened becone the sane value. The sane
applies to B02/v through 1304/v. A description is given of the case in

whi ch t bgm d&@h@&% rpRyyeeD &gw ige %ps Lgiser%gg béd”B§7 ﬁ T he obj ect

corresponding to t I'S stationary ates a
model o@ﬁ@l;@fﬁepyvgménﬁo@gbyntﬁé %ﬁgPEBfZQQ?tual5d§v1HQ8 time direction
t he pi xel val ues. he pixels in one .line, including a covered

backgr opbet 86 €A, mhen t he object corresponding to the foreground i s noving
tothe right in Fig. 17. In Fig. 17, the anount of novenent v'is 4_ Since

5 one frameWkem @hordbjerd ath ridsai gy ass ued sdatgthendbject
corresponding to the foreground is a rigid body noving with constant

vel 6ci tytatintagy, 17he t hibglobj Beput NBgeo €tRET €67o8di Agetonbbechigngground i s
novi ng such that it is positioned four pixels to the right with respect to

a l' lGenefdnencetlie dneckdmerund ¢cenpbsEhayBtl /v ibeegubsegoente f rane

——
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value obtained by dividing the pixel value B0l by the number
of virtual divided portions. = Similarly, when the object
corresponding to the background is stationary, the
;10 'héckground component BO2/v is equal to the value obtained by
dividing the pixel value B02 by the number of virtual -
divided portions, the background componeﬁt B03/v is egual to
the value obtained by.dividing the pixel value B03 by the
number of virtual divided portions, and the background
15 component B04/v is equal to the value obtained by dividing
the pixel value B04 by the pumber of virtual divided
portions. '- |
Mofe specifically, when the object corresponding to the
- foreground is stationary, the light corresponding to the
20 foreground object input into the sensor does not chaﬁge
durihg the period corresponding to the éhutter.time.
Accordingly,‘thehfdregfound component F0l/v corrésponding to
' thé first portion of the shutter time/v from wheh.the
shutter has opened, the foreground component FOl/v

25 correspohding to the second portion of the shutter time/v



. In Fig. 17, the pixels fromthe | eftnost pixel to the fourth pixel

bel ong to the foreground area. In Fig. 17, the pixels fromthe %4 DER el
to the seventh pixel fromthe left belong to the m xed area, which is the
covered 15 background area. In Fig. 17, the rightnost pixel belongs to the
background area The object corresponding to the foreground is noving such
that it gradually covers the object corresponding to the background over
time. Accordingly, the conponents 20 contained in the pixel values of the
pi xel s belonging to the covered backgreund area change fromthe background
conponents to the foreground conponents at a certain tinme during the period
corresponding to the shutter tine. For exanple, the pixel value M

neegd, [ i f in Fg. 174 d b ti 1
bl o - on WA e WA Db Lk S RS e r ool v (1)
For examl & ddie-ddddduimixaly fﬂ(;h%ﬂ%}ﬂg_erdsﬁ;otrﬁ% YN R3gkqrqund conmponent

correspondi ng to one portl o?i utter tinme/v an oregr ound

COMpON&titie AOTE FRS RANGH Nohd Qritdde e RO NS Ofard & Ll Ji V. and
thus, the mxture 10 ratio a of the fifth pixel fromthe left'is 1/4. The
Si Xth component F01/v corresponding to the fourth portion of the
5 shutter time/v ffom when the shutter has opened become the
same value. The same appiies to F02/v through F04/v, as in
the case of F01/v. |
When the object corresponding to the background is
stationary, the light co;responding to the background object
f?&%lo input into the sensor does not change during the period
co;responding te the shutter time. Accordingly, the
background component B01/v corresponding to the first
portion of the shutter time/v from when the shutter has
opened, the background component B0l/v corresponding to the
15 second portion of the shutter time/v from when the shutter
has dpened, the backgrouhdjpomponent BOL/v corresponding. to
ﬁhe'third portion of -the shutter time/v from when the
shutter has opened, and the background component BO1/v
corresponding to the fourth portion of the shutter time/v
20 from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.
A descriptiog is given of the case in which the object
corresponding to the foreground is moving and the object
corresponding to the background is stationary.

25 Fig. 17 illustrates a model obtained by expanding in




‘Pixel fromthe |eft contains background conponents (§yéé§§mm§58&5to t wo
portions of the shutter tinme/v and foreground conponénts Ccorréesponding to
two portions of the shutter time/v, and thus the m xture ratio a of the
sixth pixel fromthe left is 1/2. The seventh pixel fromthe |eft '
cont ai ns background conponents corresponding to three portions of the
shutter tinme/v and a foreground conponent corresponding to one portion of
the shutter time/v, and thus, 15 -the mxture ratio. a of the fifth pixel
fromthe left is 3/4. 1t can be asstbed that the object corresponding to
the foreground is a. rigid body, and the foreground object is noving with
constant velocity such that it is displayed four pixels to the right
in.the g or di_ngl 0 q?ﬁpgy t he. f oreground
corrponetﬁ{t.éblsz%%%;e{ e fnoﬁﬁ}% ﬁﬁ{%%e?é’%]f%%rg\t i.fe e l?{ne]é]g-ﬁl egorrespondi ng

to thefidesSt 1AMy o ddVe A HRK IR I Wigh Lk g{%ﬁ r has

opened is equal to the foreground conponent of the fifth omthe

left i dribspbhditly asPUHY N Ay idih S BCOMb AR P AT e A dihie shut ter
time/v fromwhen the shutter has 22 Decenber 2005 - 55 opened. Simlarly,

the foragr.ourd campenent 1F07/thd SRANA of Gndiendar egriaind canppaent of the
sixth pixel fromthe left in Fig. 17 corresponding to the third
por$i onef -Fridre Shutst ethortd RN, omwher e auiindeer thas: apgned, and the
foreground 5 conponent of the seventh pixel fromthe left in Fig. 17
~cor r espbneiaty cog relseohalinigh tporthieorf cofeddummhlst er iigiel \body om when t he
shutter has opened. ‘
moving with constant velocity. 'In Fig. 17, the object image
corresponding to the foreground is moving such that it is
positioned four pixels to the right with respect to a
ﬁ:ﬁlO' reference frame when it is displayed in the subsequent frame.
In Fig. 17, the pixels from the leftmost pixel to the
. fourth pixel belong to the foreground area. 1In Fig. 17, the
pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which is the covered
15 background area. In Fig. 17, the rightmost pixel belongs to
the background area.
The object corresponding te the foreground is moving
such that it gradually covers the object corresponding to
the background over time. Accordingly, the components
20 . contained in the pixel values of the .pixels belonging to the
covered background area change from the béckground
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

25 ' frame in Fiq. i?_is expressed by equation (1) below.




It can be assuned that the object corresponding to the foreground is a
rigid body, and the foreground object is 4 10 noving with consé nt _vel-ocity
such that it is displayed four pixels to the right in the sub Zhg@hams
frame. Accordingly, for exanple, the foreground conponent F06/v of the
third pixel fromthe left in Fig.'17 corresponding to the first portion
of the shutter tine/v fromwhen the shutter has 15 opened is equal to the
foreground conponent of the fourth pixel fromthe left.in Fig. 17
correspondi ng to.the second portion 68 the shutter time/v fromwhen the
shutter has opened..-Simlarly, the foreground conponent FO6/v is equal,

to the foreground conponent of the fifth pixel fromthe left 20 in Fig. 17

correspondi@gzi%ot0%4%§bpq+@pgygq@dg/ fmashutter(l?ine/v from when 't he
shutter has opene&, and the foregroun conponent ‘of the sixth pixel from

the left in E%Igexla&ﬁlgqr LREPendichg ;;iq{élhaflfc%uﬁﬂa A Qb rfailfie Shutter

time/v fromwhen the shutter has opened. 2 can be assuned that the

obj ect waEk@sRaN Agngdhddie 212 L% 2005 560 f e PoMndsH So 8 @i d body, and

the foreground object is noving with constant velocity such that it is

di spl aysthfoair Hineeds dr the-dd@iind Nediosabse quante Sy ai@i nd\ceor di ngl y,

for exanple, the foreground conponent FO5/v of the second.' 5 pixel from

t he 5l efthree Riagrtibh<art asportiutgd hee f) sSdnd pardd onclod dbenshat t er
time/v fromwhen the shutter has opened is equal to the foreground
conponerd#tigf o hef tiia difuikelifalonttdre tledtlent Hy.1A4. cortesponckhng to the

second

pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the

;ilo shutter.time/v, and thus, the mixture ratio « of the sixth

pixel from the left is 1/2. The seventh pixel from the left
contains background components corresponding to.three
portions of the shutter time/v énd a fﬁregfound component
corresponding to one.portion of the shutter time/v, and thus,

15 the mixture ratio @ of the fifth pixel from the left is 3/4.

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

- 20 for example, the foreground componeﬁt FO7/v of ﬁhe fourth
pixel from the left in Fig. 17 corresponding to the first
portion of the sﬂﬁtter time/v from when the shutter has
opened is equal to the foreground comﬁonent of the fifth

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

25 portion of the shutter time/v from when the shutter has
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portion of the shutter tine/v fromwhen the shutter has 110 opened.
Simlarly, the foreground conponent FO5/v. is equal togj b@céfr%é?r%}gynd
conponent of the fourth pixel fromthe left in Fig_ 17 corresponding to the
third portion of the shutter tinme/v fromwhen the shutter has opened, and
the foreground conmponent of the fifth pixel fromthe left in Fig. 15 17
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened. It can be assuned that the object corresponding to the
foreground is a rigid body, and the B6reground object is noving with
constant velocity such that it is displayed four 20 pixels to the right in
t he subsequent franme. Accordingly, for exanple, the foreground conponent
FO4/ v | efds 1 [ [ ' CC [ e fjrst portion
of thqu%%%%'er %Jin(n%s‘%/r%ygom v%e%{%%r% u%t(gérﬁlﬁ%g&ggeﬁgy?ggqﬁépg o the

f oregr RO MRONGRAIoRy I RMRRANd & Xele TLAMA NS L] LrZon theltdeel]

correspondi ng to the second portion of the 22 Decenber 2005 - fi 1~}

‘shutterid igRfV 17 QBMRAHINRE fPUtd efnd1ash ORENSS+ DbV bBELYe shiiecEpr eground

conponent FO04/v is equal to the foreground conponent of the third pixel

from t heinefdt frontinhenl £heC NHASRONHAY dfeddre, tdid dewor Ebsagpbubde shutter
time/v 5 fromwhen the shutter has.opened, and the foreground conponent of

t he5f ourcpgriers] off amet Beveaith ipifd10. fiom (10 responth NEigo the fourth
portion of the shutter tinme/v
corresponding to the fourth portion of the shutter time/v
from when the shutter has ooened.
It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
110 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.‘17 corresponding to the first
portion of tﬁe shutter time/v from when the shutter has
15 opened is equal'to the foreground component of the fourth
pixel from the left in Figi;17 corresponding to the second
.porfiQn of the shutter timé/v from when the shutter has
opened..;similarly, the foreground componenf-FOG/v is equal
to the foreground compooent of the fifth pixel from the left
20- in Fig. 17 corresponding to the third portion of the shutter
.time/v from when the shutter has opened, and the foreground
component ofrtheﬂoixth pixel from the left in Fig. 17
corresponding to the fourth portion of the shutter time/v
from_when the shutter has opened.

25 It can be assumed that the object corresponding to the




from when the shutter has opened. Since the foreground area correspondi ng
to the noving X10 object contains. notion blur as discussed abqve, .it -can
al so be referred to as a "distortion area"_ Fig_ 18 i |l ustraedEs Whoel
‘obtai ned by expanding in the tinme direction the pixel values of the pixels
in one line including an uncovered background area when the object 15-
corresponding to the foreground is noving to the right in Fig. 18. In Fig_
18, the anount of novenent v is 4. Since one frane is a short period, it
can be assuned that the object correspending to the foreground is arigid
body noving. with constant velocity. In Fig. 18, the object inmge 20
corresponding to the foreground is noving to the.right such that it is

positio r..pjxels.to. the right wth respect t reference frane
Phen it rocelPlina PLES Bridhd Body & tnd” s AP and® Bl et wel s Trom

the | ef L& | : L xel ng .
noF g, e RIS Sy G ALY R PR D A TRER A P

sevent i priel suf T L ofd S5l QI pd e, Bl o SLEIN Bl 1 o

uncovered background area. In Fig_ 18, the rightnost pixel s to the

foregrofnd @xembe Therobfedg A e SRR LT G-d e, for agtowkphi ch covers
t he object corresponding to the background is noving such that it is

gr adual pyxeenbwed fHomdhe abjrc. cor respendisiidg thechackaround over

time. Accordingly, the conponents '
portion of the shutter time/v from when the shutter has
Opened is equal to the foreground component of the third
pixe; from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has

_5ﬁi510 opened. Similarly, the-foreground component FOS/V is‘equal
to the foreground component of the fourth pixel from the
left in Fig. 17 corresponding to the third portioh of the
shutter time/v from when the shutter hés opened, and the
foreground component of the fifth pixel from the left in Fig.
15 17 corresponding to the fourth porﬁion of the shutter time/v

_from when thé shuttef has opened.

It can be assumed tha£ the object corrésponding to the
foreground is a rigid body,'and the foreground object is
moving with constant velocity such that it is displayed four

20 .pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F04/v of the left mdst
pixel in Fig; 17péorresponding to the first portion of fhe
shutter time/v from when the shutter has opened is equél to
the foreground component of the second pixel from the left

25. in Fig. 17 corresponding to the second portion of the



contained in the pixel values of the pixels bel ongi ngy4 gedhfhet 248 Uncover ed

background area change fromthe fore round g y ,. conponents to the
background .conponents at a certain time of the period corresponding to the
shutter time.. For exanple, the pixel value M surrounded by the thick '
franme in Fig.-18 is expressed by equation (2). 15 M =

FO2/ v+FQOLl/ v+B26/ v+B26/ v (2) For exanple, the fifth pixel fromthe left
cont ai ns  background conponents corresponding'to three portions of the
shutter tine/v and a foreground conp®hent corresponding to one shutter
portion of the shutter tine/v, and thus, the 20 m xture ratio a of the
fifth pixel fromthe left is 3/4_ The sixth pixel fromthe |eft contains
backgr ol €NRONGINS £ ASRONAH NGO L0 1POS th00sQf tHenSPutigr tinme/v
and foreground conmponents corresponding to two portions of the shutter
time/ v, tiendeddiifrodie d¥ngdient atd OEC Hfedibel St t th@Scptégtodihi@m the |eft
is 1/2. The seventh pixel fromthe left 22 Decenber 2005 - 5 9 - contains a
backgr atsmbaamonranttieorrasEDRding. tranecporiéon Df Fhe. shutter time/v and
f oreground conponents corresponding to three portions of the shutter

ti me/ v,cantkdpdrilisig tthe thexttdrierd gidxoticen i f tttes seivetitdr ptked/fromthe | eft

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

Since the foreground aiea corresponding toe the moving

,?‘510 object contains motion blur as discussed above, it can also
ion

be referred to as a "distortion area".

Fig. 18 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. 18. 1In Fig. 18, the qpbunt of movement v is 4. Since
one frame is a short period, it can be assumed that the
object ébrreSponding to the foreground is a rigid body

‘moving. with constént velocity.‘ In Fig. 18, the object image

20 corresponding to the foreground is moving to the right such
that it is positioned four pixels to the right with respect
to a reference frame when it is displayed in the subsequent
frame.

in Fig. 18, the pixels from the leftmost pixel to the

25 fourth pixel belong to the'background area. In Fig. 18, the



5is 1/4_ \Wen equations (1) and (2) are generalized, the pixel value M
can be expressed by equation (3): M= a B+Fi/v (3) where a is the mxture
ratio, B indicates a.pixel value 10 of the background, and Fi /&vZ D&§i 2§fat es
.a foreground conponent. 1t can be assuned that the object corresponding to
the foreground is a rigid body, which is noving with constant velocity,
and the anount of novenent is 4. Accordingly, for 15 exanple, the

f oreground conponent FO1l/v of the fifth pixel fromthe left in Fig. 18
.corresponding to the first portion —ofgthe shutter tinmelv fromwhen the
shutter has opened is equal to the foreground conponent of the sixth pixel
from the left in Fig. 18 corresponding to the second portion of 20 the

shutter tj en.the shutter h opened.. . Si.mlarly, the foreground
corrponeréi)g%ﬁ/vﬂl[cg{ne%earﬁt%ﬂ r?élxeflorté)g%&eé'&ﬁﬁ@n@ﬁf"e&ﬁ Fﬁé’“‘sé\%’nt h pixel

fromthedef tpdiynd I nding.t.o.the third portiaon of the shutter
tinmel/v fron1mhen1% gggﬁégﬁéﬁjﬁgig%ﬁghe f”éﬁhlfhéﬂf8P8§FSﬁﬁ - 60 conponent

of the alghigrqineladdom the dhgf t 1o g A8 sarkesponding hg the fourth

portion of the shutter tine/v fromwhen the~“shutter has opene | t""can be
assuned dHatrdheyRhiReta & responding to the 5 foreground is a rigid body,

which is nmoving with constant velocity, and the amount of novenent v is 4.
Accobdi ngly, Thkobbg%arpker rkBgohQl £ eUNELEOFRPRGRL k@ 2i & th§eSLXt N

the object corresponding to the background is moving such

that it is gradually removed from the object corresponding

to the background over time. Accordingly, the components

contained in the pixel values of the pixels belonging to the
{10 uncovered background area change from the foreground

components to the background components at a certain time of

the period corresponding to the shutter time.

For example, the pixel value M* sﬁrrounded by the thick

frame in Fig. 18 is expressed by equation (2).

15 M* = FO2/v+FQ1l/v+B26/Vv+B26/v | (2)

For example, the fifth pixel from the left contains
background componeﬁts'corfésponding'to.three portions of the
shutter time/v and a foreground componént corresponding to
one shutter portion of the shutter time/v, and thus, the

20 mixture ratio « df the fifth pixel from the left is 3/4.
The sixth pixel from the left contains background components
corresponding to—fwo portions of the shutter time/v and
foreground components corresponding to two portions of the

- shutter time/v, and thus, the mixture ratio a of the sixth

25 pixel from the left is 1/2. The seventh pixel from the left




pi xel fromthe left in Fig. 18 corresponding to the first portion of the
shutter tine/v fromwhen the shutter has 10 opened i 2Zddergmhes 200% f
foreground conponent of the seventh pixel fromthe left in Fig. 18
‘corresponding to the second portion of the shutter tinme/v fromwhen the
shutter has opened- Simlarly, the foreground conponent FO2/v is equal to
t he foreground conponent of the eighth pixel fromthe 15 left in Fig. 18
corresponding to the third portion of the shutter tinmeklv fromwhen the -
shutter has opened. It can be assunesb t-hat the object corresponding to the
foreground is a rigid body, which is noving wwth constant velocity, and

t he anobunt of novenent v is 4. Accordingly, 20 for exanple, the foreground
component, Z03e Ot A SERENLBnBIXEl: [LIPLBBAEhY 1B Bt pbition
corresponéing to the Tirs por?%bn of {heé shutter time/v froém when the

Shut telo €13 ORFRRG x> t%&%glv bad! 8 LoieuhouRdgamRARSNt Of the ei ght h

pi xel fromthe lTeft in corresponding to the second 25 portion of

the Shlgotﬁes?orﬁ%{i_\ﬁgf LAMLyheR FB?t&QWst ot has 28ubeeemhdhne2Q05 md61 opened.
It has been described with reference to Figs_ 16 through 18 that the nunber

of virtgls digHedad Rkl @A%ibSador Hhe RURReRhOhikent ¥aondinHedad frorti ons
corresponds to the 5 anount of novenent v_ Generally, the anount of
movenents v /4corresponds to the noving speed of the object corresponding to
the foreground. For exanple, if the. object corresponding to the
foreground weefiDggagtsons (hatand i(8) daspl gyedribiized, the pixel

value M can be expressed by equation (3):

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

‘,.ﬁ where a is tﬁe mixture ratio, B indicates a pixel wvalue
10 of the background, and Fi/v designates a foreground
component.
It can be assumed that the object corresponding to thg

foreground is a rigid body, which is moving with constant

velocity, and the amount of movement is 4. Accordingly, for
5 15 example, the foreground component FOl/v of the fifth pixel
from the left in Fig. 18 cérresponding to the first portion
‘ of the shutter time/v from when the shutter has opened is
equal to the foregroﬁnd component of the sixth pixel from
che left in Fig. 18 corresponding to the second portion of
.20 the shutﬁer time/v from when the shutter has opened.
Similarly, tﬁe fégeground component F01/v is équal to the
foreground component of the seventh pixel‘from the left in

Fig. 18 corresponding to the third portion of the shutter

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




pixels to the right with respect to a certain frane when it 10 is _ .
positioned in the subsequent frame, the amount of novenment v is set to 4_
The nunber of virtual divided portions is set to 4 in accordange pEg hygjshe
amount of novenent v. Simlarly, when the object corresponding to the
foreground is noving such that it is displayed six pixels to 15 the left
Wth respect to a certain frame when it is positioned in the subsequent
franme, the amobunt of novenment v is set to 6, and the number of virtual

di vided portions is set to 6. Figs— k% and 20 illustrate the rel ationship
of the 20 foreground area, the background area, and the m xed area which
consi sts of a covered background or an uncovered background, which are

di scussed above,. to ,the foreground.c onents. apd t he_backgfpound
conponeﬁP?pSBFPESB%nE#ﬁgefgﬁtﬁhBlﬁ?%i ggmpgﬁ?oﬁgggflPhElghu?%er time 25
Fig. 19 il r ap_exanplLe in which.pixels, in th 2.DEC,2045 - 62
foregroﬁﬁérégéggaﬁﬁ% g%cﬁ@?o%ﬁﬁrgPeg?rgﬁgntﬁéﬁb?e%ggFégraFém% fracted from

an i mage . cont.akii pg asﬁ9£§g£?ﬁ9€h§8££ggponding to an object noving in front

of a'stationary backgroun he”exanpl e shown in Fig. 19, an object A 5
correspondi ng. 10,4 he farearound, 48 HoL i getal | o Vi g, Mt «J espect to the

screen Frame #n+l is a frame subsequent to frame #n, and frame #n+2 is a
frame sgbseguenhdt 9sfhapPg#ioafl XGhschNikh8ot A0k OHRA:-8h88ant he

background area, and ‘

velocity, and the amount of movement v is 4. Accordingly,
for example, the foregfound component F02/v of the sixth
pixel from the left in Fig. 18 corresponding to the first
portion of the shutter time/v from when the shutter has

g?ﬂf 10 opened is equal to the foreground component of the seventh
pixel from the left in Fig. 18 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarlj, the foreground component F0Z2/v is equal
to the foreground component of the eighﬁh pixel from the

i5 left in Fig. 18 corresponding'to the third portion of the

shutter time/v from when the shutter has opened.

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

20 for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 18 corresponding to the first
portion of tﬁe sﬁﬁtter time/v from when the shutter has
opened is equal to the foreground component of the eighth

pixel from the left in Fig. 18 corresponding to the second

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



10 the m xed area are extracted fromone of franmes #n through #n+2, and
the anount of novenment v is set to 4_ A nodel obtalqgngMyﬁ&Qq@g5ng the
pi xel val ues of the extracted pixels in the time direction is shown in
Fig. 20. Since the object A corresponding to the foreground is 15 noving,
the pixel values in the foreground area are fornmed of four different

f oreground conponents corresponding to the shutter tinme/v. For exanple,
the leftnost pixel. of the pixels in the foreground area shown in Fig. 20
consists of x'01/v, FO02/v, FO03/v, —afd F04/v. That is, the pixels in the 20
foreground contain notion blur. Since the object correspondlng to the
background is stationary, light input-into the sensor corresponding to the
backgr ogpéngaring the shutter tinme does not change. In this case, the

~ pixel values in the background area do not contain 25 notion blur. 22
-Decenber 2008t -hafs Iecthaidixeibacdlwiogh i #efdeiieeadh arep casi sting of a
covered background area or an uncovered background area_are formnmed of

f or egr othdoeghrpb® enit st atie baadige oust €DrPaRENd Bvidedesset phhoOMn ¢ sS4 gi ven
bel ow of a nodel obtained by 5 expanding in the tine direction the pixel
val ues. Bihe timgulpéxebf whi tha hr @ial dgd oo st dendbyesidesponds ptaraie ty of
frames and which are |located at the sane positions when the franmes are
over| ap?f@al%e@lftrf@f@n%‘e ¢cor résponal g, tthe henowbf eet hevemsntngs For
exanpl e, when the imge corresponding 10 to the object is noving
-hor|zon@%?#%ﬁﬂﬁﬂ¢ﬁr%%p%%? meving speed of the object corresponding

to the foregréund. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with_respect to a certain frame when it
510 is positioned in the subsequent frame, the ambunt of
movement v is set to 4. The number of virtual divided
portions is éet to 4 in accordance with the amount of
movement v. Similarly, when the object corresponding to the
foreground is moving such-that it is displayved six pixels to
15 the left with respect to a certain frame when it is
positiconed in the subsequent frame, the amount of movement v
"~ is set to €, and the numbef of virtual divided portions is
set to 6.
Figs. 19 and 20 illustrate the relationship of the
20 forégréund area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, ﬁhicﬂ-are discussed above, to the foreground
components and the background component; cOrresponding'to
the divided periods of the shutter time.

25 Fig. 19 illustrates an example in which pixels in the



Jjii | screen, pixels aligned on the screen can be selected as the pixels
aligned side-by-side.. Fig. 21 illustrates a nodel obtained by ex | B@si N
“the time direction the pixels which are aligned side-by-side 157in three
frames of an inmage obtained by capturing an object corresponding to a
stationary background and which are |ocated at the sane positions when the
frames are overl apped. Frane #n-is the franme subsequent to. frame #n-1I,
and frame #n+l is the frame subsequent to frane #n. The sane applies 20
to the other frames. The pixel valuwe$2Bd through B12 shown in Fig. 21 are
pi xel values corresponding to the stationary background object. Since the
obj ect corresponding to the background is stationary, the pixel val ues of
t he cor ongi jxel s, i n: hr h + o] t
change  Eorobyand 818, Suh8 el ffnd iated LOMIRAE MBI e L e
pi xel T 8xifrafBedNitoh0SAl SHaGL cdhfa ERIAESRORGLOGrPOSHLI ON of the pixel
having the pixel value BO5 inh franme.#n-1" have the pixel value B05. Fig_ 22
i |1 ust r 8é £6e SpoRAEhg 0bb AbRedo - EXRGROLGTih NErshHeE b5 NE Didecdhop, t he pixels
which are aligned side-by-side in three frames of an inmage obtai ned by
capt ur i ipgcldir obp@ct TEOtREeSPeRth NG $Wown f Of egigundot hat disja@YiANg to the
right in Fig. 22 together with an object corresponding to a stationary
backgr otwdr esplondhi wdn & ethoced eely aduhdiei s aner i Jdn 401 ppsudviong when t he
frames are overl apped. The nodel shown :
respect to the screen.

Frame #n+l is a frame subsequent to frame #n, and frame
#fin+2 is a frame subsequent to frame #n+1.
Pixels in the foreground area, the background area, and

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

—

#n+2, and the amount of movement v is set to 4. A model
obtained by expanding the pixel values of the extracted
pixels in the time direction is shown in Fig. 20.

Since the object A correspondiﬁg to the foreground is

15 moving, the pixel values in the foréground area are formed
of four different foreground components corresponding to the
shutter time/v. .For exampie, the leftmost pixel of the
pixels in the foreground area shown in Fig. 20 consists of
F0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the

':20 foregroundrcontain motion blur.

Since the object corresponding to the background is
rstationary, 1igh£'input into the sensor correspdnding to the
background during the shutter time does not change. In this
case, the pixel values in the background area do not céntain

25 motion blur.




in Fig. 22 contains a covered background area. In Fig_ 22, it can be
assunmed that the object corresponding to the foregrdiihdedesntzer 2068 d body
noving with constant velocity, and that it is noving such that it is 15

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

t he anobunt of novenent v is 4, and the nunmber of virtual divided portions
is 4. For exanple, the foreground conponent of the |eftnost pixel of frame
#n-1 in Fig_ 22 corresponding to the first 20 portion of the shutter
tinme/v fromwhen the shutter has opegd-is F12/v, and the foreground
conponent of the second pixel fromthe left in Fig. 22 corresponding to
the second portion of the shutter time/v fromwhen the shutter has opened

is also F12/the B d0na0rund £OMRONENedfatde ddidd 2B Pikel, fromthe |eft
in Fig_ 22 corresponding to the third 22 Decenber 2005 -" 65 portion of the

shuttercévaréd haoryvhens theeshytt 8 HASCPPLEE 0 0Ly EHENE Ok £ES XA
conponent of the fourth pixel fromthe left in Fig. 22 corresponding to-the

four t h' formédno df fotder St t ESmb bABAYs f 508 vheKy £ Heng hebhesnbass opened are
5 F12/v. The foreground conponent of the |eftnost pixel of frame #n-1 in
Fig. 22 corresjeomdiipgifom tilke ¢secondbgiard icoh Dinddia  sfudiesd thye/ v from
when the shutter has opened is Fil/v_ The foreground conponent of the
secodnd pipardinomn Mehd efindArdirePti@? CGoerpikél hvdlueastofftdel, h es
pixels which are aligned side-by-side in a plurality of
frames and which are located at the same positions when the
frames are overlapped when the image corresponding to the
object is moving. For example, when the image cérresponding
10 to the object is moving'horizontally with respect to the
| "screen, pixels aligned on the screen can be selected as the
pixeis aligned side-by-side.
Fig. 21 illustrates a model obtained by expanding in
the time direcfion the pixels which are aligned side-by-side
15 in three frames of an image obtained by capturing an object
qorreSponding to a stationa;y background and which are
located at-the'same positiéns when the frames are overlapped.
Frame fin is the frame subsequent to frame #n—1, and frame
#n+l is the frame subsequent to frame #n. The same applies
- 20  to the other frames. |
The pixel values B0l through B12 shown in Fig. 21 are
pixgl valuesVCOIEésponding to the stationary backgrbund
objéct. Since the object corresponding to the background is

stationary, the pixel values of the corresponding pixels in

25 frame #n-1 through frame #n+l1 do not change. For example,



t t 1l .} g ponzng oe it por ion o e s utter 4 time/v from when t he

shutter has opened is also FIt/v. The foreground conponent of the third

pi xel fromthe left in Fig. 22 corresponding to the fourth pﬁfibgpzmg t he
e . -

~shutter time/v fromwhen the shutter has opened is Fll/v. 15

foreground conponent of the |eftnost pixel of frame #n-1 in Fig. 22
corresponding to the third portion of the shutter tine/v fromwhen the

“shutter has opened is F10/v. The foreground conponent of the second pi xel

fromthe left in Fig. 22 corresponrdisag-to the fourth portion of the 20
shutter tine/v fromwhen the shutter has opened is also Flo/v. The
foreground conponent of the leftnost pixel of frame #n-1 in Fig. 22

correspg glggxgg %pef; t@npgﬁélgg?h%lx%fe sh %%gésé%pgl %Fﬁgq%mhen t he

shutter as opene nce

DR IR ReregeSh g A pLUE Bl E’éf%nf"*@“}’fﬁé“ﬂ%éQ%rfiiﬁgﬁdf’héelo

the fi rs&werﬁomﬁff%&ﬁeswieﬁa{ré”?llé’ H108 Ve %§ﬁUtter

Fig. 22 illustrates a model obtained by expanding in
5 the time direction the pixels which are aligned side-by-side
in three frames of an imége obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 22 together with an object corresponding to a

stationary background and which are located at the same

+J 10 positions when the frames are overlapped. The model shown

in Fig. 22 qontains a covered background area.

In Fig. 22, 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

.15 displayed four pixels to the right in the subsequent frame.
Accordingly, the amount ofﬁmovément‘v is 4, and the number
- of virtual divided portions is 4.
For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 22 corresponding to the first |
_220 portion of the shuiter time/v from when the shutter has
opened is F12/v, and the foreground component of the second
pixél frpm the léft in.Fig; 22 cérrespondiﬁg to the second
portion of the shutter time/v from when the shutter has
-opened is also F12/v. The foreground component of the third

25 pixel from the left in Fig. 22 corresponding to the third




foreground is a ri

has opened is BOLl/v. The background conponents of the third pixel fromthe
| eft of frame #n---1 in Fig_ 22 corresponding 5 to thg beégshbar@dosecond :
portions of the shutter time/v fromwhen the shutter has opened are B02/v.
The background conponents of the fourth pixel fromthe left of frame #n-1
in Fig. 22 corresponding to the first through third portions of the
shutter tinme/v fromwhen the shutter has opened are BO03/v. In frame #n-1
in Fig_ 22, the leftnost pixel fromthe 1left belongs to the foreground
area, and the second through fourthépixels fromthe |eft belong to the

m xed area, which is a covered background area. 15 The fifth through
twelfth pixels fromthe left of frame #n-1 in Fig_ 22 belong to the

packor ik ALpdhr AL IR PLAL! cigalyes dRel ale Md{oronan Bl

respectively. The first throug ifth pixels fromt inframe .#n in

Fig. 2heldd dle {OF&HFOUM ARSondhe & PT B OpNE-20 SORPPNERL, i N the

shutter tine/v in the foreground area of franme #n is any one of FO05/v

throughtHd Z/eft 1in qg{ig.bezza@mlsmaiﬁ@et@btﬁ&tf&@fﬁ@%@im 4@ the
gi

body noving with constant velocity, and that it is
movi ng ke sHdtadert heidof e of e Gk & Oehd Ss12bt € S phay eshéoatt pixel s to the

right in the subsequent frane. 22 Decenber 2005 - 67 Accordingly, the

f or Bgr adrit¥«conponent of the fifth pixel fromthe left of franme #n in Fig.

22 corresponding to the first portion of the shutter tinme/v fromwhen the

shutter The foreground component of the leftmost pixel of frame
#n-1 in Fig..22 corresponding to the second portion of the
-shutter time/v from when the shutter has opened is F1l/v.
The foreground component of the second pixel from the left

410 in Fig. 22 cgrresponding-to the third portion of the shutter

time/v from when the shutter has opened is also F11/v. The

foreground component of the third pixel from the left in Fig.

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

from when the shutter has opened is Fi1l/v.

15 | B The foreground component of the leftmost pixel of frame
#n-1 in Fig. 22 corresponding to the third portion of the
shutter time/v from when tﬂe shutter has opened is F10/v.

The foreground compénent of the second pixel from the left
in Fig. 22 corresponding to the fourth portion of the

20 shutter'time/v from when the shutter has opened is also
F10/v. ihe foreground component of the leftmost pixel of
frame.#n—l_iﬁ Fiél 22 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is F09/v.

Since the object corresponding to the background is

25 stationary, the background component of the second Qixel



has opened is F12/v, and the foreground conponent of the sixth pi xel from

the left in Fig. 22 corresponding to the second portion of the shutter
‘time/v fromwhen the shutter has opened is also F12/v. The fore ggg
component of the seventh pixel fromthe left in Fig. 22 correspon |nngo
the third portion of the shutter time/v fromwhen the shutter ii 10 has
opened and the foreground conponent of the eighth pixel fromthe left in
Fig_ 22 corresponding to the fourth portion of the shutter time/v from
when the shutter has opened are F12/e -The foreground conponent of the
fifth pixel fromthe 15 1Teft of frame ##n in Fig. 22 corresponding to the
second portion of the shutter tinme/v fromwhen the shutter has opened is

F1l/ th t | _f the left in Fi
22 corrieaBnaieg EbC RE TRTFG FBobtBn"of -t A& SREFEaPOLRRERy EPr BRfuhen the
‘shut ter ghas. 20 99%901 tcst BESOnFLELY sTRE /LOLEOROURGnCRRRONRRLLEL [he |
sevent h pi xel ?ront he Ei corresponding to Fourth portion

of the §Qyt6§énéa”§évséi}a€?‘ tﬂ&cﬁé?&%ﬁ& -cgﬂgoﬁgﬁﬁg kstﬁéllct{irghe :

f oreground conponent of the fi pI X rom-t firame #n in

Fig. 22pcesl esponding t@fth@ftﬂ&ﬂe%nADEQ ?9%5 68 eettégﬂo%lage shut ter
time/v fromwhen the shutter has opened is F10/v. The foreground conponent

of tshe sbxtile pixet &R@MEHGnH D rilofs Jor 22n605K68PERAENEYQ Ehsnfourth
portion of the shutter tine/v fromwhen the shutter has

when the shutter has opened are B02/v. The background

components of the fourth pixel from the left of frame #n-1

in Fig. 22 corresponding to the first through third portions

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

a”t// 10 BO3/v.

In frame #n-1 in Fig. 22, the leftmost pixel from the
left belongs to the foreground area, and the second through
fourth pixels from the left belong to the mixed area, which
is a covered,background area.

15 The fifth through twelfth pixels from the left of frame
#n-1 in Fig- 22 belong to ghe background area, and the pixel
velﬁes thereof are B04 threugh Bll, respectively.

The first through fifth pixels from the left in frame

#n in Fig. 22 belong to the foreground area. The foreground

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

‘It can be aeEumed that.the object corresponding te the
foreground is a rigid body moving with constant velocity,
and that it is moviﬁg such that the foreground image is

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



5 opened is also F10/v_ The f oreground conponent of t fifth pLxel from
the left of frame #n in Fig. 22 corresponding to thégﬁﬁﬁﬁpﬁmbgbéfon of the

- shutter tine/v fromwhen the shutter has opened is F09/v. Since the object
corresponding to the background is ‘'stationary, the background conponent of
the sixth pixel from the left of frame #n in Fig. 22 corresponding to the
first portion of the shutter tinme/v fromwhen .the shutter has opened is
BO5/v. The background conponents of the seventh pixel ffromthe |eft of
frame #n in Fig_ 22 corresponding to6X5-the first and second portions of
the shutter time/v from when the shutter has opened are B06/v. The
background conponents of the eighth pixel fromthe left of frame #n in
Fig. 22n I3 i J hi.gd rti of - e shutter
R R e e R e A R e =
22, thessbitimé hiopgho €i ghddl pixel s Fié%éhe&@ég?ﬁﬁa%g £g the mxed

area, which is a covered background area. The nin t hrough twel fth pixels

from theitettpoftisardr b #hute & 0eiR2/Pekesd hReh henbaskarpupd area, and
t he pixel. 22 Decenber 2005 - 69 values thereof are BO8 through BlI,

r especthae| gperddd {3 rst2 Ahy eugh that o pegebondr esmpheehef 6¢i ankranme #n+l in
Fig. 22 belong to the foreground area. The foreground conponent in the
shubt ersixe/vixel theorf ditegricifnd i/d Btea »f foaresgending aaytnpae of FO1l/v
t hrough F12/v.
second portion of the shutter time/v from when the shutter
has opened is also F12/v. The foreground component of the
seventh pixel from the left in Fig. 22 corresponding to the
7 third portion of the éhqtter time/v from when the shutter
o ElO has opened and the foreground component of the eighth pixel
from the left in Fig. 22 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Filz/v.
The foreground componént of the fifth pixel from the
15 -left of frame #n in Fig. 22 corresponding to the second
portion of the shutter_timg/v from when the shutter has
opened is Fll/v. Therforeground componeﬁt_of the sixth
pixel from the left in Fig. 22 corresponding to the third
portion of the shutter time/v from when the shutter has
_20 opened is also Fll/v. The foréground component of the
seventh pixel from the left in Fig. 22 corresponding to the
fourth portibn of‘ﬁhe shutter time/v from whén the shutter
has opened is F1lil/v. |

 The foreground component of the fifth pixel from the

25 left of frame #n in Fig. 22 corresponding to the third




f

!

It can be assuned that the object corresponding to the foreground is a

i

rigid body noving with constant velocity, and that it is nnvingi2u6ﬂ:%&%t
the foreground image is displayed four pixels to the right int

subsequent franme. 10 A di | ccor ng y, the foreground conmponent of the
ninth pixel fromthe left of frame #n+l in Fig. 22 corresponding to the
first portion of the shutter tinme/v fromwhen the shutter has opened is
F12/ v, and the foreground conponent of the tenth pixel . .fromthe left in
Fig. 22 corresponding to the 15 secorgh portion of the shutter time/v from
when the shutter has opened is also F12/v. The foreground conponent of the
el eventh pixel fromthe left in Fig. 22 corresponding to the third portion

of the shutter ti v fromwhen.the shutter_  has,  opeped. and, the foreground
S ommonchbronShn b ShOTER D sl v ot bhovhens the ERELt83 BER espond u Lo

t he four rtio f the shutter tinme/v fromwhen_the shutter has opened
are F18%%F8$hésfg%%gVoun§h8o#86ﬁ At 6 FﬁgpﬂPﬁ$% BFxgﬁéfféﬁ%Ehe | eft of
frame #p1l ineFLY- espopdi ng,to0 25 _porti t he

Shutt or Dt el 4 PRobonsat Enthohaer o7 2nser re3B5RREnasRat thy §Bu8 hnea i o
F11/v. EB@tEQﬁegfoﬂﬂg QQHPQQE”%iHE/%h%rBﬁ”&Hen the shutter has

5 opened is also F10/v. The foreground component of the fifth
pixel from the left of frame #n in Fig:. 22 corresponding to
the fourth portion of the shutter time/v from when the
shutter has-opened is F09/v.

Since the object corresponding to the background is
nﬁ 10 stationary, the background component of the sixth pixel from
the left of frame #n in Fig. 22 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is B05/v. The background components of the seventh
pixel from the left of frame #n in Fig. 22 corresponding to
15 the first and second portions of the shutter time/v from
when the shutter has opened are B06/v. The background
components of the eighth pixel from the left of frame #n in
_Fig. 22 corresponding to the first through'third portion of
the shutter time/v ffom,when the shutter has opened ére
20 BO7/v. |
| In frame #n in Fig. 22, the sixth through eighth pixels
from the leff beisng to the mixed area, which is a covered
background area.
The ninth through,twelfth pixels from the left of frame

25 #n in Fig. 22 belong to the background area, and the pixel




pi xel fromthe left in Fig. 22 corresponding to the third portion of the
shutter tinme/v fromwhen the shutter has opened is a&lde®Embe;200he -
foreground conponent of the 5 eleventh pixel fromthe left in Fig_ 22
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened is F11/v. .The foreground conponent of the ninth pixel

fromthe left of frame #n-El in Fig. 22 corresponding to the third Ii 10

,portion of the shutter tine/v fromwhen the shutter has opened is Fl0/v.
The foreground conponent of the tenth9 pixel fromthe left in Fig_ 22
corresponding to.- the fourth portion of the shutter tinme/v fromwhen the
shutter has opened is also F10/v. The foreground conponent of the ninth 15

bi xel fymdneido ofa Jd Ay Aloddh FLOL 2ogoLcesponding to the fourth

portion of the shutter tine/v from u 5 opened is F09/v.

Since the obheCkicat eARNGINGLar BY DACKILAN IS 1 ALYy L he

background conponent of thé tenth p rom 20 the t of franme #n+l in

Fig. 22nparriespanrdi ng 41t fdd $the %géﬂbmdt%§hut‘¥@é time/v from when
the shutter has opened is B09/v. The background conponents of "the el eventh

pi xel fFoyBdriterieldor@forfdrama bl idhdRitGr 221 KO/ e5PONKK NG rd Prddigq fi r st
and second portions of the shutter tine/v from 25 when the shutter has

opefied aatema BIO/AramEhérhackgr eurd o2 [ aierv 2005 ugly IF120rponent s of the
twel fth pixel fromthe left of frame #n+l1 in Fig_ 22 corresponding to the
first through thnrtepastumsd that the object corresponding to the
foreground is a rigid body moving‘with constant velocity,
and that it is moving such that the foreground image is
displayed four pixels to)the right in the subsequent frame.
£10 Accordingly, the foreground component of the ninth ﬁixel
from the left of frame #n+1 in Fig. 22 corresponding to the
first portion of the shutter time/v from when the.shutter
has opened is F12/v, and the foreground component of the
tenth pixel from the left in Fig. 22 corresponding to the
15 second portion of the shutter time/v from when the shutter
_has opened is also FlZ/v-r;The foreground‘component of the
eleventh pixel fromjthe left in Fig. 22 corresponding to the
third pdrtioﬁ of the shutter time/v- from when the shutter
"has opened and the foreground component of the twelfth pixel
20 from the left ip Fig. 22 cérreSpondiﬁg to the fourth'portipn
of the shutter time/v from when the shutter has opened are
Fl12/v. B
The foreground'éomponent of the ninth pixel from the

left of frame #n+l in Fig. 22 éorreSponding to the second

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




of the shutter tine/v fromwhen the shutter has e pened are Bll/v. 5 In
frame #n+1 in Fig. 22, the tenth through twelfth pixels fromthe Ieft
belong to the m xed area, which is a covered background area. Flb BEL 295 4
nodel of .an inage obtai ned by extracting -the foreground conponents from
~the pixel values shown in Fig. 10 22. Fig. 24 illustrates a nodel obtained

by expanding in the. time direction the pixels which are aligned
side-by-side in three frames of an inage obtained by capturing an object
corresponding to a foreground that-iggmeving to the right in 15 Fig. 24
together with an object corresponding to a stationary background and which
are | ocated at the sane pOsitions when the franes are overl apped. The

del F t d h I Fi 24,
et el LA AR, L 2
d b h h t hat
|1 3 peOYLRg Lo FEnst apty vel pcly 414 T, S 13
Accor BOLY 1 oh NE £ aERUNLH O SDVEIRIL, Vel AndiprcifX alfRlithet fiesd or egr ound

conmponent of the leftnost 25 pixel frame #n-1 in Fig. 24 corresponding

to the bheskaZis2.DEC @2I0B, - Hhe pgggéc%rblg{d thggsitttderod i¢md{ v from when
the shutter has opened is F13/v, and t foreground conponent of. the
secand pixebnthopiibe fedh ik Aidrs 24 oord esoneh e v ddig g aconche
fourth portion of the shutter time/v from when the shutter
has opened is Fli/v.
The foreground component of the ninth pixel from the
left of frame f#n+l in Fig. 22 corresponding to the third
# 10 ‘portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the tenth
. pixel from the left in Fig. 22 corresponding to. the fourth
portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
15 pixel from the left of frame #n+l in Fig. 22 corresponding
to the fourth portion of tge shutter time/v from when the
shutter has opened is F09/v.
Since the object correspoﬁding to the background is
stationary, the background component of the tenth pixel froﬁ
20 the left of frame #n+l1 in fig. 22 corresbonding to the first
portion of the shutter time/v from when the shutter has |
opened is BOQ/V.—-The background components of the eleventh
pixel from the left of frame #n+l in Fig. 22 corresponding

to the first and second portions of the shutter time/v from

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




F13/v_ The foreground conponent of the third pixel fjgﬁ@é%ﬁ% ohtsin Fig.
24 corresponding to the third portion of the shutter tine vekron1mhen t he

shutter has opened and the foreground conponent of the fourth pixel from
the left in Fig_ 24 corresponding to the fourth portion of 10 the shutter
tinme/v fromwhen the shutter has opened are F13/v. The foreground
conponent of the second pixel fromthe left of frame #n-1 in Fig_ 24
corresponding to the first portion of t+he shutter tinme/v fromwhen the
shutter has 15 opened is F14/v. The foreground conponent of the third

pi xel fromthe left in Fig_ 24 corresponding to the second - portion of the

shut t ercc;r& <—3\§1thr UE Vt\.Afll ntthrl%(i f%tt‘lnu%'gclélh romepc%rcl-:*eq_eifsc %lfs%r{g‘]g\fég\ﬁnj he

f oreground conponent o ethir pixe romtheleft

cor respandisng 1 e Hebsh20PeGt ko of e IULLST I poamuhen the

f
shutter has ™~ opened is Since the object correspon gto

backgr @nd Hes sthiatiedN@fike /N rBACKHILAURE L ATRAREH §20f She deftnpst pi xel
of frame #n-1 in Fig. 54ecorr§spondfng tg t he secong'th ouéﬁpf%ggourth

portiomsiofv.the shutter tinme/v fromwhen the shutter 22 Decenber 2005 - 7 3
- has opened are B25/v_ The background conponents of the second pixel from

thes| eft of Thr amem#ngd+inifi Pig24220r tRspeaditAgthBothr thiideand fourth
portions of the shutter tinme/v fromwhen the shutter has opened are B26/v.
pixels from the left belong to the mixed area, which is a
covered background‘area.
Fig. 23 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.
10 22.
Fig. 24 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
15 Fig. 24 together with an object corresponding to a
stationary background and wpich are located.at the Samé
positions'when the framés a;e overlapped. The model shown
in Fig. 24 contains an uncovered background.area.
In Fig. 24, it can be assuméd that the object
20 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pi;els to the fight in the subsequent frame.
Accordingly, the amount of movement v is 4.
‘For example, the foreground component of the leftﬁost

25 pixel of frame #n-1 in Fig. 24 corresponding to the . first




in Fig. 24 corresponding to the fourth portion. of the shutter i,{rﬁgt( .Msom
when the shutter has opened is B27/v. In franme #n-1 in Fig_ 24% , '
| eft rost pixel through the third pixel belong to the m xed area, which is
an The fourth through twelfth pixels fromthe left of frame #n-1 in Fig.

24 belong to the foreground area. The foreground conponent of the frame is
any one of F13/v through F24/v. 15 The | eftnost pixel through the fourth
pixel fromthe left of frame #n in £49. 24 belong to the background area,
and the pixel values thereof are B25 through B28, respectively. It can be
assuned that the object corresponding to the 20 foreground is a rigid

body- nmovi ng, with_cqonstant velocity and that it is nmoving. such that it is
di spl ay%ar? OF Of Xt THHRE riight/ v nERame YeiRss ddifeith Firtgive hagccor di ngl y,

the foreground c nent of the fifth pixel fromthe left of frame #n in
Fig. 2408%?‘%3]@%%1 Fhe G rfs‘{repﬁb‘?oc‘f"c?n P e ShdttersGW v from
when t he. tter s apened. is.F13/y, 22 DEC 20Q5 - 7475 and the left in
ahut terorEaL, £on (% PRENES A Slhordt i e B e A GHRHR

portion df the shutter time/v from when the shutter has
5 opeﬂed is also F13/v. The foreground component of the third

pixel from the left in Fig. 24 corresponding to the third

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

opened and the foreground component of the fourth pixel from

the left in Fig. 24 corresponding to the fourth portion of
{fg(io_ the shutter time/v from when the shutter has oﬁened are

F13/v.

The foreground component of the second pixel from the
left of frame #n-1 in Fig. 24 corresponding to the first
portion of the shutter time/v from when the shutter has

15 opened is ¥14/v. The foregrbund component of the third
pikel from the left in Fig. 24 corresponding to the second
porfion of the shutter time/v from when the shutter has
opened is also F14/vf The foreground component of the third

pixel from the left in Fig. 24 corresponding to the first

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

Since tﬁe oﬁ}ect corresponding to the backgrdund is

stationary, the chkground components of the leftmoét pixel
of frame #n-1 in Fig. 24 correéponding to the second through

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




Fig. 24 corresponding to the second portion of the %gglv fro%1@€en the
shutter has opened is also, foreground conmponent of t 02 xel from
The the left in -the shutter Fig. 24 corresponding to the tinme/v from when
the shutter third portion of has opened and the foreground conponent of
the eighth pixel fromthe left in Fig. 24 corresponding to the fourth

" portion of the shutter time/v fromwhen the shutter has opened are F13/v.
The foreground conponent of the sixth pixel fromthe I|eft of frame #n in
Fig. 24 corresponding to the first— Pportion of the shutter tinme/v from when
the shutter has opened is Fl14/v. The foreground conponent of the seventh
"pixel fromthe left in Fig. 24 corresponding to the second portion of the

shutterndd regandd uRaness Ahe sl 4RI NASu RPRGH IS O iy The
: foreground conponent of the eighth pixel fromthe left in Fig. 24

. correspoaehng piocdhesrda rate PAUAd J¥ Afrduhe yhut tigr fiigre/2g from when the.
shutter has opened is F15/v_ 20 Since the object corresponding to the

backgr otk ésporadiaid anrarshe tthe Bcker GUAt-teoRRERaNNs off tdhe fifth pixel
fromthe left of frame #n in Fig. 24 corresponding to the second through

fourth gortticonstiofe fhef :shutdtern tihe/shuttem naieppdhedhiild enedyas opened are
B29/v. The background
5 The background component of the third pixel from the left of
frame #n-1 in Fig. 24 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in Fig. 24, the leftmost pixel‘through

the third pixel belong to the mixed area, which is an
.+10  uncovered background area.

The fourth through twelfth pixels from the left of
frame #n-1 in Fig. 24 belong to the foreground area. = The
foreground component of the frame 1is any oﬁe of Fi3/v
through F24/v.

15 7 The leftmost pixellthfough the fourth pixel from the
left of frame #n in Fig. 24{belong to the background area,
and the pixel values thereéf are B25 through B28,
respectively.

It can be assumed that the object corresponding to the

20 foreground is a rigid body moving with constant velocity,
and that ‘it is moving such that it is displayed four pixels
td,the right-in £ﬁe subsequent frame. Accordingly, the
foreground component of the fifth pixel from therleft of
frame #n ip Fig. 24 corresponding to the first portion of

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




25 conponents of the sixth pixel fromthe left of frame #n in 22 Decenber
2005 - 7 5 - Fig. 24 corresponding to the third and fourth porygﬁgé the
‘shutter time/v fromwhen the shutter has opened are B30/v. %3 und
conponent of the seventh pixel from the left of frame #n in Fig. 24
corresponding to the fourth 5 portion of the shutter tinme/v fromwhen the
shutter has opened is B31l/v. In frame #n in Fig. 24, the fifth pixel
through the seventh pixel fromthe | eft belong to the-m xed area, which

is an uncovered background area x:10;,4he eighth through twelfth pixels from
the left of frame #n in Fig. 24 belong to the foreground area. The value in
the foreground area of frame #n corresponding to the period of the shutter
time/v is any one of F13/v through F20/v. 15 The |eftnost pixel through
the ei GHtth s dICTFEEMIPHe cPBPEEN T PdmEbenF1%tR pigeloi e gh@ to the

:backgr&e&d area,, and the pixel values thereof are B25 t hrough B32,
r espectisel y-» Fi%arn 20 ECEESTREAI R tPhéh@bjSEGPnEloPPégﬁ)BﬂdPﬁgtP‘S the 20

foregro i i d _body VI n Wi ant vel Qg and that it is
rovi 0 S e §r8i“‘sb’ o&fh“& 2% bEngs: 1 a1 PR h
subsequent, fra ccor di n the reground co ent he ninth pixel
fromt 'ﬁlg%I/&]:t g?‘ ? r?grﬁn Cﬁmgone 4O%or ?185585’”5%8 OX?E E’FI st portion

of 25 the shytter ige/y,f esam’esgnh%gsw et has-argaed;bs 43/ v,

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

foreground component of the eighth pixel from the left in

Fig. 24 corresponding to the fourth portion of the shutter

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

{{Wilﬂ Therforegroudd component of the sixth pixel from the
left of frame #n in Fig. 24 corresponding to the first
pbrtion of the shutter time/v from when. the shutter has
opened is Fl4/v. The foreground component of the seventh
bixel from the left in Fig. 24 corresponding to the second

15. portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the
eighth pixel from the left in Fig. 24 corresponding to the
first po}tion of the shutter time/v from when the shutter
has opened is F15/v.

20 Since the object corresponding to the background is
stationary, the background components of the fifth pixel
from the leff of-}rame #n in Fig. 24 corresponding to the
réecond through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background

25 components of the_sixth pixel from the left of frame #n iﬁ
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conponent of the tenth pixel fromthe left in Fig. 24 corresponding to the
second portion of the shutter time/v fromwhen the shutter-has opened is
al so F13/v_ The foreground conponent of the eleventh pixel from5 the |eft
in Fig. 24 corresponding to the third portion of the shutter tinme/v from
when the shutter has opened and the foreground conponent of the twelfth

pi xel .fromthe left in Fig. 24 corresponding to the fourth portion of the
shutter tine/v fromwhen the shuttef3has opened are F13/v. rAlO0 The

f oreground conponent - of the tenth pixel fromthe Ileft of franme #n+l in
Fig_ 24 corresponding to the first portion of the shutter tinme/v from when
the shutfer hascoaRanRMditg 14 Lhel M QL @GO UL AMpRIeNLHRS Jdrhe el eventh
pi xel fromthe left in Fig.” 24 corresponding to the second 15 portion of

t he  shufeershit @y dinwwhiednd ke cshuiHesMat e rOpRRebpchcdl $a-dF14/ V.

The. foreground conponent of the twelfth pixel from-the-left in Fig_ 24
corresERUiwng tThd hackgrosindp @ohipemeait (dre thutdetfentihmg/ik r dhowhen t he
shutter has opened is F15/v. 20 Since the object corresponding to the .
backgr cured liesft stfatfiramer ¥n tilne Fibaclegr eund capopaient $oofthicheouimmhh pi xel
fromthe left of franme #n+l in Fig. 24 corresponding to the second through
f ou t h peorttiicon® foftheh e heligetre 1t imenfsr E Haromwhemhdhet Iséudtngtt diashas opened are
B33/v. The background 2.5 conponents of the tenth pixel fromthe left of
frane #)(pgnqqq is B31/v.

In frame #n in Fig. 24, the fifth pixel through the
seventh pixel from the left belong to the mixed area, which
is an uncovered background area.

10 The eighth through twelfth pixels from the left of

S

frame #n in Fig. 24 belong to the foreground area. The

: valﬁe in the foreground area of frame fin corresponding to
tﬁe period of the shutter time/v is any one of F13/v through
F20/v.

15 The leftmost pi#el through the eighth pixel from the
left of frame-#n+1 in Fig. 24 belong to the background area,
and the pixel wvalues thereéf are B25 through B32,
réspectively.

It can be assumed that the object corresponding to the

20 foreground is-a rigig body moving with constant velocity, -
and that it is moving such that it is disﬁlayed four pixels'
to the right'in-fhe subsequent fraﬁe. Accordingly, the
foreground component of the ninth pixel from the left of
frame #n+l in Fig. 24 corresponding to the first portion of

25 the shutter time/v from when the shutter'has opened is F13/v,
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22 Decenber 2005 - 77 Fig. 24 corresponding to the third and f@ réfb
portions of the shutter tinme/v fromwhen the shutter has opened®ar é@ﬁ/v
The background conponent of the eleventh pixel,fromthe left of frame #n+l
in Fig. 24 corresponding to the 5 fourth portion of the shutter tinme/v from
when the shutter has opened is B35/v. In frame #n+l1l in Fig. 24, the ninth
t hrough eleventh pixels-fromthe left in Fig. 24 belong to the m xed area,
whi ch is an uncovered background area 0 The twelfth pixel fromthe |eft of
frame #n+l in Fig. 24 belongs to thez§oreground area. The foreground
conmponent in the shutter tine/v in the foreground area of franme #n+l s
any one of F13 through F16, respectively. Fig_ 25 illustrates a nodel of an

i mage obt ed 15 ext acting t r.egrQun onponents fromthe pixel
val ues @ Cﬂ‘§h ég%?%fOQ? égF?ﬂbcﬂgiﬁQ% %h éxeghg%gﬁéggspeC|fylng
uni t 103 .spgcidfiies fl ags. at.in 0 | a.f 0 rea, a
backgrgUn a?@gﬁgé gﬁVé%bJIﬁ%%%ijl Chﬁg% %%C%Bgnpgﬁgggérggdfgbackground

area t %@/vp'e%%frm&s h&é | Wl dJERgE s %%La?x%gl by 4gi:B0 the pixel

val ues o a 6¥ura Ity of supplies t flags to the

m Xt ur g-yrat) 0 Gﬁ"JeCLfIOQSte rolith %&J&Mﬂ bl vadiths iR 1URbR106 as the
area information. he m xture-ratio calculator 104 cal cul ates the
m X§ur and ﬁ%ﬂ@EQnZQQ%; 24 corresponding to the third portion of
the shutter time/v from when the shutter has opened and the
foreground component of the twelfth pixel from the left in
'Fig. 24 corresponding to the fourth portion of the shutter
time/v.from when the shutter has opened are F13/v.
v*lO. The foreground component of the tenth pixel from the
left of frame #n+l in Fig. 24 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground componént of the eleventh
pixel from the left in Fig. 24 corresponding to the second

‘15 portion-of thé shutter time/v from when the shutter has
opened is also Fl4/v. The:foregrouﬁd component of the
twelfth pixel from the lefg in Fig. 24 corresponding to the
first portion of the shutter.time/v from when the shutter
has opened is F15/wv.

20 Since the object corresponding to the background is
stationary, the background componenfs of the ninth pixel
from the leff offframe #n+l in Fig. 24 corresponding to the
second through fourth portions of the shutter time/v from

when the shutter has opened are B33/v. The background

25 components-of the tenth pixel from the left of frame #n+l in
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78 ratio a for each pi xel contained in the nixed are;_agggé;&,%ép@og@e pi xel

values of a plurality of franmes and the area information, and supplies the
calculated m xture-ratio,a to the foreground/ background separator 105 5 The
f or egr ound/ background separator 105 extracts the foreground conponent '

i mge consisting of only the foreground conponents based on the pixel
values of a plurality of franes, the area information., and the m xture
ratio a, and supplies the foreground conponent image to the notion-blur

10 adjusting unit 106_ The notion-bl 4f adjusting unit 106 adjusts the
anount of notion blur contained in the foreground conponent inmage based
on the foreground conponent inmage supplied fromthe foreground/background
separ atPig10b: dderdBid @ VECtOrtHd SRl i 86l from tiheddt i oms dgt ect or 102,
and the area information supplied fromthe area specifying unit 103, and
then outipaitshdtesf of g OHNEr GRNPONENEhd NBge: tdr W £hop@ie@nardl ur is

adj usted. The processing for adjusting the amount of mation blur 20

per f or reEsK by. t MEhes aparialtagn afdrippin &t | of dese ré eekbieh gw x& tfrdmef er ence
to the flowhart of Fig. 26. In step S11, the area specifying unit 103
execut esharlesf s pelCiffnamg #iprlociessiing, dbhssdrmwss@mdinputto nege, for
generating area information indicating to which of a foreground area, a 25
backgr dimtk Er e rtd govel ethdadkgrioemdtianea, Oromwhare otes eshutX®2mDecenber

has opened is B35/v.
In frame #n+l in Fig. 24, the ninth through eleventh
pixels from the left in Fig. 24 belong to the mixed area,

which is an uncovered background area.

.- 410 _ The twelfth pixel from the left of frame #n+l in Fig.

Z4 belongs to the foreground area. The foreground componeot
in the shutter time/v in the foreground area of frame #n+l
is any one of F13 through F16, respectively.

Fig. 25 lllustrates a model of an image obtained by

15 extracting the foreground components from the'pixel values
shown in Fig. 24.

Referring back to Fig-’9, the area specifying unit 103
specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered.

20 background area the individual pixels of the input image
belong by using the pixel values of a plurality of frames,
and supplies-the-flags to the mixture-ratio célculator 164
and the motiOn—biur adjusting unit 106 as the area
informétion.

25 The mixture~ratio calculator 104 calculates the mixture




- 79 background area each pixel of the input inmage belongs Details of the
area specifying processing are given below. The area specifying unit 103
supplies the generated area information to the m xture-ratio cal cul ator
104. 5 In step Sl11, the area specifying unit 103 may generate,2 2 FEEedi®n
the input image, area information indicating to which of the foreground
area, the background area, or the m xed area (regardl ess of whether each
pi xel belongs to a covered background area or an uncovered background
area). 110 each pixel of the input 4 mage belongs. In this case, the
foreground/background separator 105 and the notion-blur adjusting unit 106
det ermi ne based on the direction of the .notion vector whether the m xed
area i s.8.8v6r ed backar gund, @es%agﬁean1Hn%9geagﬁe9a§§ggoga "g@. For
exanpl e, e 1 nput i mage 1 s dispoSed 1n e order o Re or eground

ar ea, t@ﬁenbxﬁglaesﬁuegngftQEPQQQEQEQgHQfakeame tha dheegibgn of  the

noti on vector It I's determ ned that he. m xed area IS e cover ed i

backgr oupgdoangdiohf Lha bﬂﬁﬂilbgagﬁe'éa@b§@9§69 Bk chke order of chhe
background area, the m xed area, and the foreground area in the direction

of the ﬁﬁblQBré@EbQﬁd/bhck§rodﬁHeBBbﬁ@gtbbal05he m xed area is an uncovered
background area. In step 512, the mxture-ratio calculator 104 calcul ates
t he 31 xt ur e Tied | PovedOsuRdtha ghgebutdndapaedrén POS t et naxes aiea based
on.the input inmage and the area.7-2 DEC 2005 80

foreground component image consisting of only the foreground

componernts based on the pixel values of a plurality of
frames, the area information, and the mixture ratio o, and
supplies the foreground component image to the motion-blur
{‘wj‘lﬂ adjusting unit 106. |

The motion-blur adjusting unit 106 adjusts the amount
of motion blur contained in the foreground component imagé
based on the foreground component image'supplied from the
foreground/background separator 105, the motion vector

15 supplied from the motion detector 102, and the area

information supplied from the area specifying unit 103, and

then outputs the foreground component image in which motion
.blur isiadjusted.
The processing for adjusting the amount of motion blur
20 performed by thé separating portion 91 is described below
-with reference to the flowchart of Fig. 26. In step Sll,
the area speéifyiﬁg unit 103 executes area specifying
proceSsing, based on an input imége, for generating area

information indicating to which of a foreground area, a

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



s,

information. Details of the mxture ratio calculatin I re given
bel ow. The m xture-ratio cal cul ator 104 supplies theq%%.%%fg%tggﬁ?xture
ratio a to the foreground/ background separator 105. In step S13, the

f oregr ound/ background separator 105 extracts the foreground conponents -
fromthe input inmage based on the area information and the m xture ratio
a, and supplies the foreground conponents to the notion--blur adjusting
unit 106 as the foreground conponent inage. 10 In step S14, the notion-blur
adjusting unit 106 generates, based.-@f the notion vector and the area
information, the unit of processing that indicates the positions of
consecutive pixels disposed in the noving direction and belonging to any

of the puweyes@ backoround 15.a1 egs the {RHE" PHRGe b ERunsHd the covered

background area, and adjusts the anount of notion blur contained in the

for egr auith LOAMONEIRS L6054 OSPONTE P Op£HEe 81 hg Ohre PG DESS ShaPow Det ai | s Of
the processing for adjusting the anount of notion blur,are given bel ow. 20

| n st eprisd yrddessepafpind Qo tien Hdpsiel €s mnesgenbeited 4heaprocessing
is finished for the whole screen. If 1t is determined. that the processing
i s not infmmeiwedidortd hthe witot ersereeio tdel ibsess poodceeds to step Sl4,
and the processing for adjusting the anount of notion blur for.the 25
f or 8ground demsdeentSd lcorthes parai Bgpetcd. fiyisrquninti f1 (22 nBgr erdyerrad(05 1 - 81
based on the input image, area information indicating to
which of the foreground area, the background area, or the
mixed area (regardless of whether each pixel belongs to a
covered background area or an uncovered background area)
.?10 each pixel of the input image belongs. 1In this case, the
foreground/background separator 105 and the motion-blur
~adjusting unit 106 determine based on the direction of the
.ﬁotion vector whether the mixed area is a covered background
area or an uncovered background area. For example, if the
15 input image is disposed in the order of the foreground area,
the mixed area, and the bagkground area in the direction of
the motion vector, it is determined that the mixed area is a
covered,background area. If the input image is disposed in
the order of the_backg:ound area, the mixed area, and the
20 foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area. B
In step 512, the mixture-ratio calculator 104

~calculates the mixture ratio « for each pixel contained in

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




processing is repeated. If it is determined in step S15 that thehg%ﬁﬁgﬁﬁgng
is finished for the whole screen, the processing is.conpleted. 1% t45Cs
manner; the separating portion 91 is capable of 5 adjusting the anount of
noti on blur contained in. the foreground by separating the foreground and

t he background. That is, the separating portion 91 is capable of adjusting
t he anobunt of notion blur contained in sanpled data indicating the pixel

val ues of the foreground pixels. The configuration of each of the area
specifying unit 103, the m xture-raéPo—cal cul ator 104, the

f or egr ound/ background separator 105, and the notion-blur adjusting unit 106
is described below Fig. 27 is a block diagramillustrating an exanpl e of

15 the Gorddgiradd on i 4iNe Jeaapesi fMing Mo 103 culiha diga speci fying
unit 103 shown in Fig. 27 does not use a notion vector. A frane nenory

2. 01 stpy@seaiddRidte iIBAS eI LS T di.a0®%-Mhan tha dumrged 0 be
processed is frame #n, the frane nenory 201 stores frame #n-2,. which is

the frame: tsup20 d9 agies dafarne dddme Hurd nang dfx ko wieh i s the frame one
frame before frane #n, frame #n, frane #n+1l, which is the franme one frane

af t er ffarmydnnd Meradotdd Weireirdiodt ds frame two frames after frane #n.
. A stationary/noving determ ning portion 202-1.reads the 25 pixel value of
- the3pi xel oflnf s&ep #3382 lkbeafedegiround/damkg2dAnBECeRPEEB tor8205positi on as
a designated pixel of franme #n in which the area
extracts the foreground components from the input image
based on the area information and the mixture ratio a, and
supplies the foreground components to the motion~blur
adjusting unit 106 as the foreground component image.
f{hflo In step S14, the mofion—biur adjusting unit 106
generates, based on the motion vector and the area
information, the unit of processing that indicates the
positions of consecutive pixels disposéd in the moving
direction and belonging to any of the uncovered backgrouﬁd
i5 | area, the foreground area, and the covered background area,
and adjusts the amount of mdtion blur contained in the
foreground components corrésponding to the unit of
processing. Details of the processing for adjusting the
amount of motion blur are given below.
20 In stép 515, the separating portion 91 determines
whether the processing is finished for the whole screen. If
it is determinedﬁfhat,the processing is not finished f0£,the
whole screen, the process proceeds to step S14, and the

processing for adjusting the amount of motion blur for the

25 foreground components corresponding to the unit of




to which the pixel belongs is deternmined, and reads the . pixel value of the

pi xel of frame #n+l |ocated at the sane position of t i gnai.ed pixel
of frame #n fromthe frame nenory 201, and cal cul at esa?ﬁ%g%ﬂg%ﬁﬂ% val ue

of the difference between the read pixel values. The stationary/noving
determ ning portion 202-1 determ nes whether the absolute value of the -

di fference between the pixel value of frame #n+2 and the pixel val ue

of .frame #n+1 rrt 1! 10 is greater than a preset threshold Th. If it is
deternmined that the difference i s"gPéater than the threshold Th, a
stationary/ noving determ nation indicating "noving" is supplied to an area
determ ning portion 203-1. If it is determ ned that the absolute val ue of

t he di fpssenceibpeteenpkaidie. pi xel val ue of the pixel of franme #n+2 and
the pixel value of the pixel of franme #n+l is smaller than or equal to

t he thresholid Th, itshelestatuioear Wnmedeny sdet ethatitige porddarsimP2sl suppl i es
a stationary/noving determnation indicating "stationary" to the area

det er m mmigstpad tion tROHb1L2G A stmt | tharytooss signglel erpgeomphgtedrti on
202-2 reads the pixel value of a designated pixel of frame #n in which the
area to whi dm tthd spmrehelyel dhgs siepadettémg med,tiamd Yedds admablsi xdfl val ue
of the pixel of frame #n+1 |ocated at the-sanme " position as the designated
pi xél ofdFErengitts emoamd fafane 2B mensry oontakired cl ciiait es the absol ute
val ue of the 22 Decenber 2005 - 83 difference between the pixel val ues.

The st SHEHb R eRderdrimichi the fortadirwod-andieths nhaesoTpigtder the

absol ute
That is, the separating portion 91 is capable of adjusting

the amount of motion blur contained in sampled data
indicating the pixel values of the foreground pixels.

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

Fig. 27 is a block diagram illustrating an example of

15 the configuration of the area specifying unit 103. The area
specifying unit 103 shown ip Fig. 27 does not use a motion
vector. A frame memory'201>stores an inéut image in units
of frames. When the image to be processed is frame #n, the
frame memory 201 stores frame #n-2, which is the frame two

20  frames beforé frame #n, frame #n-1, which is the frame one
frame before frame #n, frame #ﬁ, frame #n+l, which is the

- frame one fréme é%ter frame #n, frame #n+2, which is the
frame two frames after frame #n.-
A stationary/moving determining portion 202~1 reads the

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




{

val ue of the difference between the pixel value of frame #n+l and the pixel
value of frame #n is greater than a 5 preset threshold Th. If it 2@ DEC 2005
determ ned that the absolute value of the difference between the pixel
values is'greater than the threshold Th, a stationary/noving determ nation
indicating "nmoving" is supplied to the area determning portion 203-1 and
an area determning portion 203-2. If it 10 is determ ned that the absolute
value of the difference between the pixel value of the:pixel of .frame #n+l
and the pixel value of the pixel of8franme #n is smaller than. or equal to
the threshold Th, the stationary/noving determning portion 202-2 supplies
a stationary/noving determnation 15 indicating "stationary" to the area

det er m poBYL PO ta O 2031 ghn ANKH e a3f detBAdT#H Nigh P 1dI0ONE R 3ardea A
stationary/ noving determ ning, portion 202-3 reads the pixel value of a
desi gnatedwpiiel tiod fisaime Bl driyavii € hid thermiareB, tandhteddd hiehgi xel

bel ongs.is determ nd, and reads the 20 pixel value of the pixel of frame
#n-1 | opakell etlihe Saree rpiosilt icoh asandaimddsilgratted pitkethofsdmame #n from
the frame nenory 201, and cal cul ates the absolute value of the difference
bet weenpehet pixedf idlauabes ive tstchtp omal Whoikiawe #detferan nilng fpomd on 202- 3
determ nes whet her the absolute 25 value of the difference. between the :
pi x& VAPRervf2¢y ama el fiEs 2005 abBfuthdalie pikdihsal ue of frame

#n-1 is greater than a preset threshold Th. If it is determ ned that the
absol utel{5¢xence between the read pixel values. The

stationary/moving determining portion 202-1 determines
whether the absoclute value of the difference between the
pixel value of frame #n+2 and the pixel value of frame #n+l
wi i0 is greater than a preset threshoid Th. TIf itris determined
| that the difference is greater than the thresholdITh, a
stationary/moving determination indicating'"moving“ is
supplied to an area determining portion 203-1. 1If it is
determined that the absolute value of the difference between
i5 .the pixel 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/moving determining portion
202-1 supplies a stationary/moviﬁg determination indicating
“stationary" to the area determining-portion_203—l.

Zd A stationary/moving determining portion 202-2 reads the
pixel value of a designated pixel of frame #n in which the
area to whicﬁ thé‘pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at thé-séme
position as the designated pixel of frame #n from the frame

25 memory 201, and calculates the absolute value of the



of the difference between the pi xel values is greater than the threshold
Th, a stationary/noving determ nation 5 indicating " mAPeegmbes28Qhplied to
the area determ ning portion 203-2 and an area determ ning portion 203-3.
If it 1is determned that the absolute value of the difference between the
pi xel value of the pixet of frame #n and the pixel value of the pixel of
frame #n-1 is smaller than or 110 equal to the threshold Th, the
stationary/ noving determ ning portion 202-3 supplies a stationary/ noving
determ nation indicating "stationary83to the area determ ning portion 203-
2 and the area determ ning portion 203-3. A stationary/noving determ ning
portion 202-4 reads the 15 pixel value of the pixel of frame #n-1 | ocated

at the saf¥erRosl! HARWR%MA designahied Rl Ofpylds %ﬁ%a n e area
to which the pixel belonég 'S éﬂternlﬁé and rea the | 22&0 vallue of the

pi xel  Olicfeati n#hy2 pbegabad st Hhe a8 ; fReS ‘wth'eQ:'?Le%S e a%%-%;lgﬁaet ed pi xel
of frame #n fromthe franme 20 nenory 201, and cal cul ates the absol ute val ue

of the vdilubebgnehcbatwrenchie Potlecvnalnes pikiee Shatidbar Wrzad ng
determ ning portion 202-4 determ nes whet her the absolute value of the

di f f er effog lbehvdeehet péxpixekival vE Grafcamd #8- gkcandrt heapi %el val ue of
frame #n-2 is greater than a preset 25 threshold Th. If it is determ ned
t hat2 t herabsstl Gheevabid ZR.Deddéntier i20@eterBhnedl thhe dihkf aberaetlket ween
the pixel values is greater than the threshold Th, a stationary/ noving
det er m Hadkgnofndheatififetrroeenyetiveesuppki edxed Uhéuaseasdgteambmlng

than the threshold Th, a stationary/moving determination
indicating “moving" is supplied to the area determining
portion 203-1 and an area determining portion 203-2. If it

;10 is determined that the absolute value of the difference
between the pixel value of the pixel of frame #n+l and the
pixel value of the pixel of frame #n is smaller than or
equal to the threshold Th, the stationary/moving determining
portion 202-2 supplies a stationary/moving determination

i5 indicating “stationary" to the area deterﬁining portion 203-

1 and the area determining#portion_203—2.

A stationary/moving détermining‘portion 202;3 reads the
pixel value of a designated pixel of frame #n in which the
area to whicﬁ the pixel belongs is de?g;m%ned, and reads the

20. pixel value of the pixel of frame #n-1 located at the same
ﬁosition as the designated pixel of frame #n from the frame
- memory 201, and éélculates the absolute value of the
difference between the pixel values. The stationarY/moving
determining'portion 202-3 determines whether the absolute

25 wvalue of the difference between the'pixel value of frame #n




portion 203-3_ If it is determ ned that the absolute value 5 of the

di fference between the pixel value of the pixel of frame #n-1.gnd the pixel
val ue of the pixel of frame M2 is smaller than or equal to t*g P @8ol d
Th, the stationary/noving determ ning portion 202-4 supplies a _
stationary/ noving determ nation indicating "stationary" to ~; r10 the area
determ ning portion 203-3. Wen the stationary/noving determ nation
supplied from the stationary/ noving determ ning portion 202-1 indicates
"stationary" and when the stationary#foving determ nation supplied from
the stationary/noving determ ning portion 202 15 2 indicates "noving", the
area determning portion 203-1 determ nes that the designated. pixel of

frame #an8etnags: {01 A WO et backar ound Al Ha r &HhiS & SHrdser Whi ch
indicates that the designated pixel belongs to an uncovered background

area, iBnhassHETQVER ed- backgraund-@d a6 (el e i ek fdmph Ah asapciated with
t he designated pixel. Wen the stationary/ noving determ.nation supplied
from tébe shatdonpsyémmy bW ERirerdAd i gikdiortd e Igtdidi«eat®@san " novi ng”
or when the stationary/noving determ nation supplied fromthe: 7
st at i onahy/ thwe sigo L t'EH M ani 1gh e 10/ i@ B2 Ik db tendiioatteisod’ St at i onary", the
area specifying unit 203-1 "2a 2 DEC 2005 86 determines that the :
-desifgnatedipd kehg ofmdviane’ #s doggplnetd theltdry dmeanmiammovigrisdy backgr ound
area, and sets "0", which indicates that the designated pixel does not
bel i 5ngPeotapn 203-2 and an area determining portion 203-3. 1If it
is determined that the absolute value of the difference
between the pixel value of the pixel of frame #n and the
pixel value of the pixel of frame #n-1 is smaller than or
{fnflo equal to the threshold Th, the stationary/moving determining
portion 202-3 supplies a stationary/moving determination
indicating "stationary" to the area determining portion 203-
2 and the area determining portion 203-3.
A stationary/moving determining portion 202-4 reads the
15 pixel wvalue of the pixel of frame #n-1 1ocated at the same
position as a designated pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n-2 located at the same
position as the désignated pixel of frame #n from the frame
20 memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 202-4 determines whether the absoclute
value of the difference between the pixel value of frame #n—

1 and the pixel value of frame #n-2 is greater than a preset

" 25 threshold Th. If it is determined that the absolute value




uncovered background area, in the uncovered-background-fyembbr Zoghet er m ni ng
flag associated with the designated pixel - The area determ ni ng portion
203-1 supplies the uncovered-background-area determning flag in which
or "0":is set as discussed. above to a determ ning-flag--storing frame
menory 204 10 When the stationary/ noving determ nation suppl ied from the
stationary/moving determning portion 202-2 indicates "stationary" and
when the stationary/noving determnation supplied from-the

stati onary/ novi ng determn ning porttT of° 202- 3 indicate "stationar y", the
area determning portion 203-2 15 determ nes that the designated pixel of
frame In belongs to the stationary area, and sets "1", which indicates
that thef fHeelidRieigs: e dherstald Piaddl arAaied N sa Rlcaticanaiharar ea
determ ning flag associated with the designated pixel. Wen the

st at i orgdrey /ttona sig> JdetTer, rﬁma;tﬂaﬂﬂoﬁial@l/ineﬂrjfrrg)m&l&mdim&iaﬂi onary/ nmovi ng
determ ning portion 202-2 indicates "noving" or when tJie stationary/ noving
deter mmainaﬂtlrsprQvadlgr‘ram tshoppdtiatd drargheneiery debetesTmrimdingg porti on 202-
3 indicate "noving", the area determ ning portion 203-2 determ nes that

t he degiqgrtdtaad 8i3xel- ofI ff ndng stdledmagtingd Q& thdlhenghsw lnte stadtieonary
area, and sets "0", which indicates 22 December 2005 - 87 that the pixel

"does n&tf Héi%ﬁblﬁfﬁrﬁ?@esﬁ?@ttlw@ﬁ@r yher @dxaln iedares odt ithrramix@rle® et er ni ni ng

-,

flag associated wth the desi %nat ed pixel.
frame #n-1 and the pixe value of the pixel of frame #n-2 is

smaller than or equal to the threshold Th, the

stationary/ﬁoving determining portion 202-4 supplies a

stationary/moving determination indicating "stationary" to
/10 the area determining portion 203-3.

ﬁhen the stationary/moving determination supplied from
the stationary/moving determining pértion 202-1 indicates
“stationary" and when the stationary/moving determination

' supplied from the stationary/mofing determining portion 202-
15 2 indicates "moving", the area determining portion 203-1
determines that the designqted pixel of frame #n belongs to
an ﬁncovered‘background areé, and sets "1", which indicates
that the designated pixel belongs to an uncovered background
area, in an uncovered—backgroundharea determining_flag
20 associated with the designated pixel.

When the stationary/moving determination supplied from
the stationafy/ma;ing determining portion 202;1-indicates
"moving" or when the stationary/moving determinatioﬁ
supplied from the stationary/moving determining portion 202-

25 2 indicates “stationary", the area specifying unit 203—1




The area determ ning portion 203-2 supplies the 5 stationary-area
determning flag in which "I" or "0" is set as discussed above fo the
deternmining-flag-storing frame nenory 204. When the stationary/ #okiDBg 2005
determ nation supplied from the stati.onary/ noving determ ning portion
202-2 indicates 10 "noving" and when the stationary/ noving determ nation
supplied fromthe stationary/ noving determning portion 202- 3 indicate
"nmoving", the area determning portion 203-2 determ nes that the

desi gnat ed pi xel of frane #n bel ongsgko— the noving area, and sets "1",

whi ch indicates that the 15 desi gnated pixel belongs to the noving area, in
a hoving- area determning flag associated with the designated pixel. Wen

the staf] / ' det i nat | lied t he, stati / i
dot er m AFRG BOP TR oHi9bot S| R £at BECT BEAET GHar Yot TR ITAoD
! i 2 £3t At dhary= 7 Unet theet
et or mi BF BG Bor 01 an Dusut Er BadRat4PRY | Sed ;MY 1o 20 Gt ng

porti on; 293z t £ 01 NeS. that ; ' ' fdape #n d t
A s R T R A T

does NoinbEteR8d 119 NG SOYE NYr &Y €35 1 | Prd N, s et.ergining flag
associ atréd wth th% ]g%;i gnated 2" 2 1rI%)EC %OOSC&S%Mp%e]ﬁ@Y?Sﬁgﬂea@

det &r m gk OQgrivDii L h@NE PAB- 25 SOPPA L LS  hen MY Nss RfRALetgradning flag. in
which "1" or "0" is set as discussed above to the determ ning-flag-storing
frame nenoryrhe area determining portion 203-1 supplies the
uncovered-background-area determining flag in which "1" or
. "0" is set as discussed above to a determining-flag-storing
frame memory 204.
110 "When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
“stationary" and when the stationary/moving determination
supplied from the stationary/moving defermining portion 202-
3 indicate “stationary"“, the area determining portion 203-2
15 determines tﬁét the designated pixel of frame #n belongs to
the stationary area, and sets "1*, which indicates that the
.pixél belongs to the statiénary area, in a stationary—area
- -determining flag associated with thé designated pixel.
When the stationary/moving determination supplied from
20  the statidﬁary/moving determining portion 202-2 indicates
“moving" or when the staticonary/moving determination
supplied frqﬁ thé-stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2

determines that the designated pixel of frame #n does not

.25 belong to the stationary area, and sets "0, which indicates



5 204. Wien the stationary/ noving determ nation supplied from the
stationary/ noving determ ning portion 202-3 indicate L novi.ng- d when
the stationary/novi ng determ nation supplied from ”Sf’@ %?Cﬁqbgﬁa?@]novi'ng
determ ning portion 202 10 4 indicate "stationary", the area determ ning
portion 203-3 determ nes that the designated pixel of franme #n belongs to
a covered background area, and sets "1", which indicates that the

desi gnat ed pi xel belongs to the covered background area, in a )

cover ed- background- area determ ni ng Bfag 15 associated with the designated
pi xel . When the stationary/noving determnation supplied from the
stationary/ noving determ ning portion 202-3 indicates "stationary" or when

the stathopatyémpyvioy 46LerflPabl Pong SEPPLLED: {404 0Ly SEALL ONRL Y/ MOVi ng
determ ning portion 202 20 4 indicate "noving", the area determ ning

porti OntBQ3s13atﬂ@xﬁ£f%ia§‘§§at:ﬁ'@ﬁe%rﬁ'ﬁlgﬁéj gnag ess phxedtof fianecHa does not
bel ong to a covered background area, and sets "0", which indicates that

t he desidgnadgedtoi xelxdoes not belong to a covered b_rac;lg;éround area, in the
cover ed- background-area 25 determ ning flag associated with the designated
pi xel . 22 Deftesratea? (5 erndih i nthe Gl A0S—P muppipesd itore 203-3 supplies
t he covered-background-area determning flag in which "1" or "0" is set as
di seussethbbovery-;tdre determimimg-filap- st orhingh ftEeomehdY yi20det 5 The
determ ning-flag-storing frame nmenory 204 thus
. as discussed above to the determining-flag—storing frame
memory 204.
When the stationary/moving determination supplied from '
the stationary/moving determining portion 202-2 indicates
10 "moving" and when the stationary/moving determination
L supplied from the stationary/moving determining portion 202-
3 indicate'"moving“, the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the moving area, and sets "1", which indicates that the
15 designated pixel belongs to the moving area, in a moving-
area determining flag associated with the designated pixel.
When the stationary/moving determination supplied from
‘the stationary/moving determining portion 202-2 indicates
“stationary" or when the stationary/moving determination
20 supplied from the stationary/moving defermining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n does not
- belong to the moving area, and sets "0", which indicates

that the pixel does not belong to the moving area, in the

25 moving-area determining flag associated with the designated




stores the uncovered-background-area determning flag supplied,f #<ﬂ§
area. determ ning portion 203-1, the stationary-area deternlnln &
supplied fromthe area determ ning portion 203-2, the noving-area
determning flag ' 10 supplied fromthe area deterninin ortion 203-2 and the
g p, covered-background-area determning flag supplied fromthe area
determ ning portion 203-3. The determ ning-flag-storing. franme nenory 204
supplies the uncovered-background-area determning flag, the 15
stationary-area determning flag, thé&8noving-area determning flag, and

t he covered-background-area determning flag stored therein to a

synt hesi zer 205. The synthesizer 205 generates area information indicating
to whicpigtithe uncovered background area, the stationary area, 20 the
novi ng area, or the covered background area each pixel .belongs based on |
t he uncover ethdaoked Qi a¢ &a ety i M@ 0 F1AGudhe &t %t}ieoﬂé'ir)i'_h%r—ea
determning flag, the noving-area determning flag, .ang the

cover edabaskgedandi ateg £ Uesefni whneh T+ BY SHppd etk f$om4he

determ ning-fl ag-storing 25. frame nenory 204, and supplies the area

i nf or retiionusved d2eoPe DEC P - A0 rit Bigr Nl avg- 4 t @i s of t g fdeatd®-yTRNMOr Y
206.

5  204.

When the stationary/moving determination supplied from

the stationary/moving determining portion 202-3 indicates

"moving" and when the stationary/moving determination

supplied from the stationary/moving determining portion 202-

Auglo 4 indicate “stationary", the area determining portioh 203—3
determines that the designated pixel of frame #n belongs to
a covered background area, and sets "1", which indicates
that the designated pixel belongs to the covered-background
area, in a covered-background-area determining flag

| 15 associated with the designated pixel.

When the stationary/mqying determination supplied from

the'stationary/moving determining portion 202-3 indicates
"statioﬁary" or when the stationary/moving determination
supplied from the stationary/moving determining'portion 202~
20 4 indicate “moving", the area determining portion 203-3
determines that the designated pixel of frame #n aoeé not
be;ong tp a éove;éd background area, and sets "0", which
indicates that the designated pixel does not belong to a

covered background area, in the covered-background-area

25 determining flag associated with the designated pixel.



The determ ning-flag-storing frane nenory 206 stores the area information
supplied fromthe synthesizer 205, and al so outputs Z2WedigRr 206®r mati on
stored therein. 5 An exanple of the processing perfornmed by the area ‘
specifying unit 103 is described belowwith reference to Figs. 28 through
32_ When the object corresponding to the foreground is noving, the
position of the inage corresponding to the 10 object on the screen changes
in every frame- As shown in Fig. 28, the inmage correspoending to the object
| ocated at- the position indicated‘b?gYﬁ(x,y) in frane'#n is positioned at
Yn+l (x,y) in frame #n-1, which is subsequent to frame #n. A nodel obtained
by, expanding in the tine direction the 15 pixel values of the pixels

al i gned si d&hehypresi de'terminieg mowitigrdi208ctd euppfl ikke tihwage correspondi ng
to the foreground object is shown in. Fig. 22. For exanple, if the noving.
di r ect i epvefed-Hedhmygsirebramsp ahadi engr t ol tidnef ¥y eigr ounid-hobj et tor s dor i zont al
with respect to the screen, 20 the nodel shown in Fig._ 29 is a nodel

obt ai neeP b3eexgrartiswsdad tdiwud e dilrecde orenirelgg-ddlagra tuesingg the pi xel s
di sposed on a line side-by-side. In Fig. 29, the line'in frame #n is equal
to the 53R Regpadd4n+1 25 The foreground conponents corresponding to

t he_obj ect 22 Decenber 2005 -- 91 contained in the second pixel to the

thi Pteent h giitePeteoMitAaIrELagrstrrdme £F 3% "eBRENi R84 THUShe sixth pi xel

stores the uncovered-background-area determining flag
supplied from the area determining portion 203-1, the
stationary-area determining flag supplied from the area
defermining portion 203-2, the moving-area determining flag
QlO supplied from the area détermining portion 203-2, and the
AN covered-background-area determining flag supplied from the
area determining portion 203-3.
The determining-flag-storing frame memory 204 supplies
the uncovered-background-area determining flag, the
15 Vstationaryvarea determining flag, the moving-area
determining flag, and the covered-background-area
detérmining flag stored thérein to a synthesizer 205. The.
_synthesizer 205 generates area information indicating to
which of the uncovered backgrouhd area, the stationary area,
20 the moving area, or the covered background area each bixel
.belongs based on the uncovered~backgfoundfarea determininé
flag, the stétioﬂérywarea determining flag, the moving-area
determining flag, and the coveréd—background—area
determining flag supplied from the determining—flag—storing

25 frame memory 204, and supplies the area information to a




through the seventeenth pixel fromthe left in.frd4me #n+l.. In frame #n,_ .
the pi xels belonging to the covered 5 background area are the el evént BEL 2s
through thirteenth pixels fromthe left, and the pixels belonging to the

- uncovered background area are the second through fourth pixels from the
left. In frame #n+l, the pixels belonging to the covered background area
are the fifteenth through r10 seventeenth pixels fromthe left, and the
pi xel s bel onging Jas{ _ 11 15, franme #n+l, the anmount of novenent v is 4.
The nunber of to the uncovered background area are the sixth through
eighth pixels fromthe left. In the exanple shown in Fig. 29, since the
foreground conmponents contained in frame #n are noved by four pixels in
virtual di.vi . ions _iL.s 4 in _accordance w t he amount of novenent v
A descrf%?%%ﬂﬁgéa o%ﬁéﬁvgﬁogﬁPg'é%gﬁﬁeﬁeﬁoﬁﬁyébEValues of the pixels
bel onging to e 0 . _l h S _ [.a.

vh dg};éﬁﬁflggsgoifﬂ?ﬁg%& glé?[%&’ IRSJIS%;Z 354 ch&‘?%

desi gnated frane. I xe ongl ng- a-Covere ° backgr ound

area i n chical® oA ikForhhellohhe Hagkaroynd i'%pesgghitﬁeaﬁﬁeén%%heaﬁﬁount of
d e Tift

novenent v in the foreground i 4 are t teenth through seventeenth
pi xel s tnew bhephekt thd522LACE nlrlendTuht s@LBRVeARPL K .1 S 4, the fifteenth

through 2,2DEc - 92 seventeenth franmes fromthe left in the previous frane
#n-15 cont ai NAANEYalBTK g6 O UK COPHOREHL Sqapdr belheg P the area
specifying unit 103 is déscribed below with reference to
Figs. 28 through 32.
When the object corresponding to the foreground is
moving, the position of the image corresponding to the

fﬁ*{ 10 object on the screen changes in every frame. As shown in

Fig. 28, the image corresponding to the object located at

; the position indicated by Yn(x,y) in frame #n is positioned

at Yn+l{x,y) in frame #n+l, which is subsequent to frame #n.

A model obtained by expanding in the time diréection the
15 . pixel values of the pixels aligned side-by-side in the
moving direction of the image corresponding to thé
foréground object is shown in Fig. 22. For example, if the
moving airection 6f the image corresponding to the
foreground object is horizontal with respect to the screen,
. 20  the model shown in Fig.'éQ is a model obtained by expanding

in the time direction the pixel values 6f the pixels
disposed on.a li;e side—by-side.

In Fig. 29, the line in frame #n is equal to the line .
in frame #n+1_‘ |

25 _ The foreground components corresponding to the object




- background area. The fifteenth through seventeenth pixels fromthe left in
frame #n-2, which is one before franme #n-1., 5 containﬁggl bacg%round
conponents and belong to the background area. Since t Sgéﬁﬁﬁr 05
correspondi ng to the background is stationary, the pixel value of the :
fifteenth pixel fromthe left in frame #n-1 does not change fromthe pixel
value of /;Othe fifteenth pixel fromthe left in frame #n-2. Simlarly,
t he pi xel value of the sixteenth pixel fromthe left in. frame #n-1 does
not change fromthe pixel value of ~th& —-sixteenth pixel fromthe left in
frame 4n-2, and the pixel value of the seventeenth pixel fromthe left in
frame #n-1 15 does not change fromthe pixel value of the seventeenth

pi xel fa&mg_{}@ea& efd dup f @é&&"b%«ef hay i3 gﬂaer@é&% 14k ndf ag,#n-1 and

frame #n---2 correspon |ng tot plxels onging to e covered

backgr qyd @@ i FHAMR HD LA LD M Bagkaround 20 conponent s, and
t he pi xel values thereof do not change. Accordingly, the absolute value of

the di fiieranpe het wRen dda it 18l xRl thes igal st & fAhuse fhe .

stationary/ moving determnation nmade for the pixels in frame #n--1 and

frame #n- 2 I@orrampoei, Nghto plike 1R ¥1$nkehangbnghteo cohe reaxed area 25 in. -
frame #n by the stationary/ noving determning portion 22 Decenber 2005 - 93

20254 imdigiatinghamya aSiecthd el piogeils dradcanrgi noitnx ddrecic qvietedsds backgr ound
area in frame #n contain foreground conponents, the pixel
from the left, and the pixels belonging to the uncovered
background area are the second thrﬁugh'fourth pixels from
the left. 1In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through
/10 seventeenth pixels from the left, and the pixels belonging
to the uncovered background area are the sixth through
eighth pixels frém the left.

In the example shown in Fig. 29, since the foregfound
components contained in frame #n are moved by four pixels in
;5' frame #n+l, the amount of movement v is 4. The number of

virtual divided portions is 4 ;n accordance with the amount

of movement v. |
A description is now givenrof_a change in pixel values
of the pixels belonging to the mixed area in the frames
20 before and after a designateﬂ frame.
In Fig. 30, the pixels belonging to a covered
background aiea'iﬁ frame #n in which the background is:
stationary énd.the amount of movement v in the foreground is

.4 are the fifteenth through seventeenth pixels from the left.

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



val ues thereof are different fromthose of frame #n-'1 5 consisting of only.
background conponents. Accordingly, the stationary/noving deter @‘Qaéégam
made for the pixels belonging to the mxed area in franme #n and the
corresponding pixels in frane #n-1 by the stationary/noving determ ning
portion 202-3 is "noving". /110 Wen the stationary/ noving determ nation
result indicating "noving" is supplied fromthe stationary/noving

determ ning portion 202-3, and when the stationary/noving determ nation
result indicating "stationary" is suppli+ed fromthe stationary/noving
determ ning portion 202-4, as 15 di scussed above, the area determning
portion 203-3 determ nes that the correspondi ng pi xels belong to a covered

DACKQ 04D AE 8 e Flilos 3o N 1 i £ s, bagkirouge s

statipnary and the armount of noverent.v in t or egroun
the- pi xebst£ONT & NP> d Hk AP bE QVERSEh BACK A YUk BESQ &F ecidhe second through

fourth pixels fromthe left. Since the amount of novenent v is 4, the
second pAERFEuiO W td Pi Xehs £1oMRdhen | @ toldh ther Shbsetuenti fdyre #n+l
contain only background conponents and belong to the background area. 25
frame #hrdn v clefts Subseguentnt®, fwiaieh A lond Nee SEEONErZndl 02005 94
through fourth pixels fromthe left contain only background conponents and
bel éng ¢wontdien backgrouridyesesd Shneendites abjdedie taxtd espotitet ng to t he
background is stationary, the pixel value of the second pixel fromthe
background area. .

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

/;10  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 hot change from the pixel value of the
sixteenth pixel from therleft in frame #n-2, and the pixel
value of the seveﬁteenth pixel from the left in frame #n-1

- 15 does not chaﬁge from the pixel wvalue of the seventeenth
pixel from the left in frame #n-2.

That is, the pixels iﬁ;frame #n-1 and frame #n-2.
correspanding to the plxels belonging to the covered
background area in frame #n consist of only background

20 components, and the pixel values thereof do not change.
Acbordingly, the absolute value of the difference between
the‘pigel vaiués-isfalmost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
#n-2 corresponding to the pixels belonging to the mixed area

25 in frame #n by the stationary/moving determining portion




5 left in frame #n+2 does not change fromthe pixel v, -second
pixel fromthe left in frame #n+l1_ Simlarly, the pigéﬁgﬁ%&ﬁﬁ%gg the third
pixel fromthe left in frame #n+2 does not change fromthe pixel value of
the third pixel fromthe left in frame #n+.1., and the pixel value of the.
.110 fourth pixel fromthe left in frame #n+2 does not change fromthe

pi xel value of the fourth pixel fromthe left in frame #n+l. That is, the
pixels in frame #n+l and frame #n+2 corresponding to the pixels bel ongi ng
to the uncovered 15 background area 93 franme #n consist of only background
conmponents, and the pixel values thereof do not change- Accordingly, the
absol ute val ue of the difference between the pixel values is alnost O.

Thus, thgpskatioragyfnpyipg. determ nation made for the. pixels in frame
#n+l and frame 20 #n+2 cortesponding.to.the pixels belonging to the nixed

area in fragendd e (he. St ONAY{ HRVED GRS 85FE PLAGLROESE Qg 202-1 i's

"stationary" Since the pixels belonging to the uncovered background area

in franer#a ﬂﬁnfahMefQﬁegéﬁﬂﬂﬂnCPBPegﬁaﬁﬁd tBRpBLEgks , 2Bh¥abugait hereof are
different fromthose of franme #n+l1 22 Decenber 2005 - 9 5 - consisting of

only backynesnghepsponent sdiAeepedtngbym thesesbhat iFeRakYAADYI NQ

determ nation nade for the pixels belonging to the mxed area in frame #n

and & hecousi s espyondi ngn by Xekskgnofindneospsiehy st heastat-iongiy/ meMeng 5

determ ning portion 20.2-2 is "noving".

stationary/moving determination made for the pixels
belonging to the mixed érea in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving
determining portion 202—3 is "moving“.

;sf}10 When the stationary/moving determination result
indicating "mdving“ is supplied from the stationary/moving
determining portion 202-3, and when the stationary/moving
determination result indicating “stationary" is supplied
from the stationary/moving determining portion 202~4, as

15 discussed above, the area determining portion 203-3
determines that the'corresgdnding pixels belong to a covered
background area. |

In Fig. 31, ip frame #n in which the background is
stationary and the amount of movement v in the foreground is

20 g, therpixels contained in an uncofered background area are
the Secoﬁd through fourth pixels from the left. Since the
amount of mbﬁémeﬁ% v is 4, the sécond througﬁ fourth pixels
from the-leftrin the subsequent frame #n+l contain only

background components‘and belong to the background area. In.

25 frame #n+2, which is subsequent to frame #n+l, the second




When the stationary/ noving determnation result indicating "nmoving" is
supplied fromthe stationary/noving detern ning portion 202-222amq;wmsn
the stationary/noving determnation result indicating "stationary"” is
supplied 10 fromthe stationary/noving deternmning portion 202-1., as i 1F
di scussed above, the area determ ning portion 203-1 determ nes that the-
correspondi ng pi xels belong to an wuncovered background area. .Fig. 32
illustrates determ nation conditions for frame 15 #n nade by the area
specifying unit 103. Wen the deter@#nation result for the pixel in frane
#n-2 located at the sane inmage position as a pixel in frame #n to be-
processed and for the pixel in frane #n--1 | ocated at the sane position as

t he pi i r@g%: i 5 t4 r a 0 : t ] i resul t
for th)e(%’fi"g?ﬁi n rlgipneé%?lﬁaﬁd%&{}ﬁeg%? x%?ﬂ!gncm‘%sﬁ #n-%el]%:g% '!éll?@_t he sane
i mge pOshlddh t 8Sa k&P XR) 4 {ﬂ@@a%féuﬁ@vw&a.the area. specifying
unit 103 determ nes that the- pixel in fTrame #n belongs to a covered

background afiege 2n @R ddie el @PdiAting)) desd HakddmiRi %l in frame #n
2.2 DEC 2015 - 96 and the pixel in frane #n-1 |ocated at the sane inmage

~posi ti aftasi drireryp) XeHe ighfdane ik | $f stiad | o0asyd Bk Wheror henglet ermi nati on
result for the pixel in frame In and the .pixel in frame #n+l |ocated at
t he Ssaneefitrage posid iorAsided hestpictedndd framechsn pixst atdalnarys the area
speci fyi ng ' : ‘

the second pixel from the left in frame #n+l. Similarly,

the pixel value of the third pixel from the left in frame

#n+2 does not change from the pixel value of the third pixel

from the left in frame #n+1., and the pixel wvalue of the

Eqif 10 fourth pixel from the left in frame #n+2 does not change
from the pixel value of the fourth pixel from the left in
frame #n+l.

That is, the pixels in frame #n+l and frame #n+2
corresponding to the pixels belonging to the uncovered

15 Dbackground area in frame #n consist of only background:
components, and the pixel values thereof do not change.
Accbrdingly, the absoclute value of the difference between
the pixél values is_almost 0. Thus, the stationary/moving
determination made for the.pixeis in frame #n+l and frame

20  #n+2 corresponding to the pixels belonging to the mixed area
in frame #ﬁ by the stationary/moving determining portion
"202-1 is “stétioﬁéry“.

Since the pixels belonging to the uncovered background

area in frame #n contain foreground components, the pixel

25 values thereof are different from those of frame #n+l




unit 103 determ nes that the pixel in frame #n belongs to the stationary
area. Wen the determnation result for the pixel in Jxpesnberaoost he pi xel
in frame #n-1 |located at the sane inmage x:}110 position as the pixel in
frame #n i s noving, .and when the determ nation result- for the pixel in
frame #n and the pixel in frame #n+l |ocated at the same i nage position.
as the pixel in franme #n is noving, the area. specifying unit 103

determ nes that the pixel in franme #n belongs to the noving 15 area. \Wen
the determination result for the pix&b5 i-n frame #n and the pixel in frame
#n+. 1l |l ocated at the sane image position as the pixel in frame #n is

novi ng, and when the determnation result for the pixel in franme #n+l

l'ocat edc@hs 20t 1 He SR i é?ffiﬁﬁ&nc@§p5£@hfgXe!Aé@oiéfHE%ﬁn gpd the

pi xel in frame #n+2 | ocat e sane 1 nage position as é prxel.in

frame #8cd6iShaty 0N dhg INE AR SPESH TNAAY £4PiEnd03:idetgrm nes that the
pi xel in frame #n belongs to uncovered background area_an 25 Figs- 33A

t hr oughbSBEhdihgists atiee e esrf ideraima. #R2aMecember 2005 - 97
determ nation results obtained by the area specifying unit 103. In Fig.
33A, t heoprespenddng hpiated determaed #o:babPneghéd 0s a€DVeE £/ Raekgyound area

are indicated in white. In Fig. #~kl  33B, the pixels which are determ ned
t o bel algtemnianing portion 202-2 is "moving". :

When the stationary/moving determination result
indicating “moving" is supplied from the stationary/moving
determining portion 202-2, and when the stationary/moving
determination result indicating "stationary" is supplied

710  from the stationary/moving determining portion 202-1, as
discussed above, the area determining_portioﬁ 203-1
determines that the corresponding.pixels belong to an
uncovered background area.

Fig. 32.illustrates determination conditions for frame

15 {#n made by the area specifying unit 103. When the
determin;tion resuit for the pixel in frame #n-2 located at
the same image-position asfa pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the
same position as.the pixel in frame #n is stationary, and

20 ﬁhen 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 fLame #n is moving, the area. specifying unit
‘103'determines that the pixel in frame #n belongs to a
covered background area.

25 ' When the determination result for the pixel in frame #n




—t

the determ nation result f

et

5 uncovered background area are indicated in white. In Fig. 33C, the pixels
which are determned to belong to a noving area are indicated in white. In
Fig.. 33D, the pixels which are deternmined to belong to a stat? dri¥ry2008 ea
are indicated in white 10 Fig. 34 illustrates the area information
indicating the  mxed area, in the formof an image, selected fromthe area
information output fromthe determ ning-flag-storing frame nenory 206. In
Fig. 34, the pixels which are determined to belong to the covered
background area or the uncovered 15 hgckground area, i.e., the pixels which
are determned to belong to the m xed area, are indicated in white. The
area information indicating the m xed area output fromthe

deterniningﬁﬁla -storing frame menory 206, desi gnates the m xed area and the

porti ond R AP H T extTure ¥ riftind DRt tHE it o9 thout a texture
H;Zhaﬁ ff@g&”:;“ﬁ aléiifﬁﬂ%%i%éf%w e ”»f%el?hb“ “mg
of franme #n-2 tﬁ?éﬁéﬁ fré%%; Rgggﬁ%é%ud#%ﬁagggqfﬁgﬁﬁmﬁﬁgl588%%1%% step
Che. detorsnat) on FReUTL § o The o1 el o p e L B THe prel in frame
#n lsocagied ptxdihen B L OB dax sdildhPname dded tspsc A8 Bign ned that

the 5 determnation result is stationary, the process proceeds to
unit 103 determines that the pixel in frame #n belongs to
the stationary area.
When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same imaqe
“ﬁlq position as the pixel in-frame'#n is moving, and when the
determination result for the pixel in frame #n and the pixel
in frame #n+l located at the same image position as the
pixel in frame #n is moving, the area sbecifyinglunit 103
determines that the pixel in frame #n belongs to the moving
15 area. |
When the determinatioq result for the pixel in frame #n
and the pixel in frame #n+i located at the same image
position as the pixel in frame #n is moving, and when the
~determination result for the pixel in frame #n+l located at
20 the same image position as the pixel in.frame.#n and the
pixel in frame #n+2 loqated at the same image position as
the pixel in-fraéé #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
uncovered background area;

25 Figs. 33A through 33D illustrate examples of the area
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step S203 in which the stationary/noving determning portion 202-2

determ nes whether the determnation result for the zguxﬁbnm@rﬁmﬁmn #n and
the pixel in frame #n+l located at the sanme position is stationary. 10 If
it is determned in step S203 that the determ nation result for the pixel
in frame #n and the pixel in franme-#n+l ‘|located at the sane position is
stationary, the process proceeds to step S204. In step S204, the area
determ ning portion 203-2 sets "1", which indicates that the pixel to be
15 processed belongs to the stationaBy area, in the stationary area
determning flag associated with the pixel to be processed. The area
determ ning portion 203-2 supplies the stationary-area determning flag to

t he det J o r r roceeds to
Step 30 S0 R SRR IR T i S T R U S B on
result dor. the, Rl J9b frafe i andhddie aq_léeciee&ﬁlrr?gae & pdogaped at

the sanme position i1s noving, or iIf Is determned in step S2 hat the
det er niatd abveasd thd ok J?cﬁlﬁcf'eaﬁéé(eéré Nihd fERcdA aRdyhlieepl xgl, Eagfranme
#n+l | ocated at 22 Deceé% 2005 - the sane position is nDV|ng, "t he

pi xel t3BHE Preogasead dﬂﬁs:m@ré)eiéﬂ&:xﬁﬁ@ stAatHaonaly & ea Accordingly,
the processing of step S204 is skipped, and the process proceeds to step

5205. mrgowstrep 2% grdieds teatd0rarey /immidag «dietier Mniideg portion 202-3
det erm nes whether the determnation result for the _
In Fig. 33C, the pixels which are determined to belong
to a moving area are indicated in white. In Fig. 33D, the
pixels which are determined to belong to a stationary area

are indicated in white.

710 Fig. 34 illustrates the area information indicating the

——

mixed area, in the form of an image, selected from the area
.information output from the determiming—flag—storing frame
mémory 206. 1In Fig. 34, the pixels which are determined fo
belong to the covered background area 6r the uncovered

- 15 background area, i.e., the pixels which are determined to
belong to the mixed area, are indicated iﬁ white. The area

- .information indicating thefmixed area output from the

determining-flag-storing frame memory 266‘designates the
mixed area and.the portions having a texture surrounded by

20 . the portions without a texture in the foreground area.

The area specifying processing performed by the area
specifying uﬁit i63 is déscribed below with reference to the
‘Flowchart of Fig. 35. In step 8201, the frame memory 201
obtains an image of frame #n-2 through frame #n+2 including'_

25 frame #n.




A
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pi xel in frame #n-1 and the pixel in frame #n |ocated at the same position
is moving. If it is determined that-the determnation result i sp:MmEcNGS
the process proceeds to step i 0 S206 in which the stationary/ noving

determ ning portion 202 2determ nes whether the determi nation result for
the pixel in frame #n and the.pixel in frame #n+l | ocated at the sane
position is nmoving. If it is determined in step 5206 that the determ nation
15 result for the pixel in frame #n and the pixel in frane #n+l1 |ocated at
the sane position is noving, the pro@éss proceeds to step S207. In step
S207, the area determ ning portion 203-.2 sets "1", which indicates that
the pixel to be processed belongs to a noving area, in the noving-area 20.
determ ni ng- se£h At i : i : 0CH rea

det erm ni ng iallr1 2?%%3%@%US%?%N&&{%%%%&?%QJ&%@;%@?H er %ﬁ%%néjcﬁ{g& o the
det er m niongsf Hadeskh@hbB0uhE8NBr PROVAY LM n2PLhA NEe PR OLEES,: PFpceeds to
step 5208. If it is determned in step S205 that the.determ nation 25
resul't pakellhenpitxehei fnfianBa#nd @kt hen PiXehe | P fISEPR D 7+ 1O0Q | ocat ed
at the sanme position is stationary, or if it is determned in step S206

t hat theadet posinabhobsresatiofi®ry her pi xel id nidtarmidted anh hendi xel , in
frame #n+r | ocated at the sane position is stationary, the pixel in franme

#n doesdtmpomihetboy tesaltois ngtatsmaBecorik nytycedhepprosassity of step

S207 is skipped, and the process proceeds to step S208. In step 5208, the
st at i onatgPndYPAgideveioh nting portiom202nav idel etatieresi vihes herritiven
determnation result for the '

202-2 determines whether the determination result for the

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

same position is stationary.

?Tf 10 _ If it is determined in step $203 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
proceeds to step S204. In step $204, the area determining
portion 203-2 sets "1", which indicates that the pixel to be

15 processed belongs to the stationary area, in the stétionary—
area determining flag associated witﬁ the pixel to be
ﬁroéessed.‘ The area determining portion 203-2 supplies the
stationéry—afea determining flag to the determining-flag-
storing frame memory 204, and the process proceeds to step

- 20 8205.
If it is detérmined in step 5202 that the détermination
result for the piéel in frame #n-1 and the‘pixel in frame #n
lqcatEd at the same position is moving, or if it is

determined in step 5203 that the determination result for

- 25 the pixel in frame #n and the pixel in frame #n+l located at

%
|
‘
;
j




pixel in frame #n-2 and the pixel in frame #n-1 | ocated at 10 the sane
~position is stationary. If it is determ ned that the gehsdamideaabben resul t

is stationary, the process proceeds to step S209 in which the

stationary/ noving determining portion 202-3 determ nes whether the

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

15 | ocated at the sanme position is noving. If it is determned in step S209
-that the determ nation result for the pixel in frame #n-1 and the pixel in

frame #n |ocated-at the same p05|t+099|s novi ng, the process proceeds to

step 5210_ In step S210, the area determ ning portion 20 203-3 sets "1",

whi ch indicates that the pixel to be processed belongs to a covered

backgr he covered- bac round rea deternlnln

associ a‘tgg% %ﬁ&% Eﬂ%kélcf%(e 0 b br ocesspeﬂX Jﬁl’he ared detett m‘%l% Portion
203-3  SupRbd £5nd V, e lag to the 25
determ ni ng-fl ag- g?%%?ﬁgﬁg%‘ CI'Ir(}gm)ry 204§gé§£ﬁ%¢£?%r2%5£5 22 Decenber 2005
101 pr i 2t lgoolhg ar £ ng, pasd i plies the
covere -backgr&g%d area deternlnlﬁgé#ﬁ%% toI?% 35ef%?ﬁ%%ﬁé%§%§gtorlng

frame mepdyepZ®bosand. the process proceeds to step S211 5 If it is
determned in step S208 that the determination result for the pixel in

frase #n-2 amdsthe B2osl, ihel 62ERioHRTYYMRGHL Al k29 TRORASIGH ON 'S
noving, or if it is determned in step S209 that the pixel in frame #n-1
and t he20PpiXeletigrnfimaie wHedeaatek afetdi@nisan® qoSstdd it ifSoiStatd onary,
pixel in frame #n-1 and the pixel in frame #n located at the
same position is moving. TIf it is determined that the
determination result is moving, the process proceeds to step
10  S206 in which the stationary/moving determining portion 202-

2 determines whether the determination result for the pixel

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

position is moving.
If it is determined in step $S206 that the determination

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

located at the same positiop-is moving, the process proceeds
to Step S207. 1In step 520{, the area determining portion
203-2 sets "1", which indicates that the pixel to be
processed belongé to a moving area, in the moving-area

20. determining flag associated with the pixel to be proceséed.
‘The area determining area 203-2 suppliés the moving-area
determining flag_%o the determining-flag-storing frame
memory 204, and the process proceeds to step S208.

If it is determined in step 5205 that the determination

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




10 the pixel in frame #n does not belong to a covered background area.
Accordingly, the processing of step S210 is skipped, and the process
proceeds to step S211. In step S211, the stationary/ noving detéQnD ?%
portion 202-2 determ nes whether the determnation result for the 1 leel
in frame #n and the pixel in frame #n+l |ocated at the sane position is
nmoving. If it is determned in step 5211 that the determnation result is
novi ng, the process proceeds.-to step S212 in which the-stationary/ noving
determ ning portion 202-1 determ nesigdet her the 20 deteérm nation result
for the pixel in frame #n+l and the pixel in frame #n+2 |ocated at the
sanme position is stationary. If it is determned in step 5212 that the

determ ion, result for the xel in f a #n+| and t he. |er in frane 25
R8haga SEDEL %.9% At

#n+2 | o he 'San® podf? CF st Rt ArTohdty Y the pro ess -2, 2 DEC 2005

or | on Sb8T12eR 0 P17 EE, H20E] Blla bRt %%a%ﬂ‘?ﬁf%#biaﬁ%%%%e%rﬁﬁéiéﬁd”' "
bel ongs+}@ aﬁxamcgﬂef% 2@% eﬁngh@rﬁfxeinlﬂh@r operedrbackgs aind- ar ea

determining flag associ at e plxel e processed. The area

det er m hAgsRAEL hOR: H8LLT M Neda i Nogl AP, SAIL fhad: the del jpajian result
for the pixel in frane #n+l1 and the pixel in frame #n+2 is noving, the

pi xed ifotrpaEoHY Hoes MOFikg! #AGal 0 BRcERBidgSHPPAIHE D Ed®essing of
uncover ed- background-fl ag det erm ni ng
step 5207 is skipped, and the process proceeds to step S208.
In step 5208, the stationary/moving determining portion
202-4 determines whether the determination result for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
 '”E 10 the same position is stétionary. If it is determined that
the determination result is stationary, the process proceeds
to step 5209 in which the stationary/m@ving defermining
portion 202-3 dete;mines whether the détermination result
for the pixel in frame #n-1 and the pixel in frame #n
15 located at thé same position is moving.
If it is determined in step 5209 that the determination
result for the pixel in fréme #n—-1 and the pixel in frame #n
located:at the same position is moving, the process proceeds
to step 5210. In sfep 8210, the area determining portion
20 203f3 sets "1",,ﬁhich indicates that the pixel to be
processed belongs to a covered background area, in the
éovered-backgrbu;a—area deterﬁining flag assoclated with the
pixel to be processed. The area detefmining—portion 203-3

supplies the covered-background-area determining flag to the

25 determining-flag-storing frame memory 204, and the process




flag to the determining-flag-storing frame nenmory 204, and the process

proceeds to step S214. If it is determined in step S2 hat th
determnation result for the pixel in frame #n and tklléez%?(;eemb?réop?ane #n+1

| ocated at the same position is stationary, or if it is 15 uncovered
background area. Accordingly, the processing of step S213 is skipped, and
the process proceeds to step 5214. In step S214, the area specifying unit
103 determ nes whether-the areas of all the pixels in frame #n are
specified. If it is determ ned that tHe -areas of all the-20 pixels in-frane
#n are not yet specified, the process returns to step S202, and the area
specifying processing is repeated for the remaining pixels. If it is

det er mpesbdaustep 2t dhat . t hg areas Heddini iy Powel od pdiae #n are
specified, the process proceeds 25 to step S215. 1n step S215, the

synt hesd sl 245 GRNIAIAS 2D LABMBIA-2008 13 n a8y | 7f 04 ned i gl

i ndi cating the mxed area based on the uncovered-background-area
det er midu tegerid reich . A6 teMVeT R OF Gk gReantd, e, detRrtidigkbddag stored in

the determ ning- flag-storing frame nenory 204, and al so generates area
i nf or mptrareedudicatdtrg ta@vhi ch of the uncovered background area, the
stationary area, the noving area, or the covered background area each
pi xél bel ondd, i@ndssdeserhéngdnénateédp a26& ithhor mhei detierntihation
determ ning-flag-storing frame nmenory 206. The processing is then
conpl eteaullt] i Adedipdewdsda dheve #he amel tSpeixaingirunitamkd3 i s
#n-1 located at the same position is moving, or if it is
determined in step $209 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is stationary,
10  the pixel in frame #n does not belong to a covered
background area. Accordingly, the processing of step 5210
is skipped, and the process proceeds to step S211.
In step 5211, the stétionary/moving determining portion
202-2 determines whether the determination-result for the
15 pixel in frame #n and the pixel in frame #n+1l located at the
same position islmoving. If_it is determined in step 5211
that the determination resuit is moving, the process
proceeds’ to step S212 in which the stationary/moving
determining portion 202-1 determines whether the
20 determination result for the pixel in frame #n+l and ﬁhe
pixel in frame #n+2 located at the same position is
- stationary. B
If it is determined in step S212 that the determination

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

25 #n+2 located at the same position is stationary, the process




i

capabl e of generating area information indicating to which of the noving
area, the stationary area, the uncovered background area, or g@e%§p¥ﬁﬁed
background area each of the pixels contained in a franme bel ongs € area
specifying unit 103 nmay apply logical ORto the area information
corresponding to the uncovered background -area and the area information
corresponding to the covered background area so as to generate area
information corresponding to the m xed area, and-then nmay 20 generate area
information consisting of flags indiggting to which of the noving area, the
stationary. area, or the m xed area the individual pixels contained in the
frame bel ong. Wen the object corresponding to the foreground has a
-texture. area specifying unit 103 is able to specify the 2.5 noving

.th
area noPBEOEFRLT sEY S LP SHEE 2008 $t9nsS2 e W LSRGV HEIMHY 103 i s
abl e to_out put rea 5 jpformation, indicating the background area The
eobod! RATEREE OGS b R s b Do Rt e B e b
t he bac ESE%EEEéﬁhéiéﬁ.£n€ Y. Fbmeverédtgelgbove- q§q§1bg9 area specifying
processing can be app‘#l ed” eVen T T RE"T mage Torrespondi ng ? o the

backar oyndo § of ORI LIOM. b CALLD G NSV ALES 25 Jdie, ALEA, s fyDf or mati on

i'ndicating t oregr area, and outputs't area 1 nformatrion

i ndiscat tRg biee 51 NP YolELI®@S it U A - deile A £ APTBH PoTOL I ON. FOr
exanple, if the inmage
203-1 suppliesrthe uncovered-background-flag determining
" flag to the determining-flag-storing frame memory 204, and
the process proceeds to step S214.
If it is determined in step S211 that the determination
ﬁﬁlﬂ result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is stationary, or if it is
determined in step 5212 that the determination result for
fhe pixel in frame #n+l and the pixel in frame #n+2 is
‘moving, the pixel in frame #n does not belong to an
i5 uncovered background area. Accordingly, the processing of
-step 5213 is skipped, and the process proceéds to step S5214.
In step 5214, the are; specifying unit 103 determines
whefherithe areas of all the pixels in frame #n are
specified. If it is determined that the areas of all the
20 pixels in. frame #n are not yet specified, the process
retufns to step 5202, and the area specifying processing is
repeated forrthep¥emaining pixels.
If it is determined in step S214 that the areas of all

-~ the pixels in frame #n are specified, the process proceeds

25 to step S5215. In step S215, the synthesizer 215 generates




-'15‘correspondihg to the background area is uniformy noving, the area
-specifying unit 103 shifts the overall inmage in acc@2ddsweenmber 200X hi s -

notion, and perforns processing in a manner simlar to the case in which

t he object corresponding to the background is stationary. If the inmge
corresponding to the background area contains locally different notions,
the area specifying unit 103 selects the pixels corresponding to the

moti ons, and executes the above- described processing. 20 Fig. 36 is a

bl ock diagramillustrating anot her- eehpt e of the configuration of the
area specifying unit 103_ The area specifying unit 103 shown in Fig. 36
does not use a notion vector- A background image generator 301 generates a

backgr oynd, iﬁ%?%j { 5 pplies the
gene?ated bac ground§§2§ggL%%:§9 ﬁﬁgégpgﬁjec %%%ﬁgqu%%S - 105
| mage %é&%f&@—%ﬁd%r@%ré@%@%ﬂ CandlefiL aloy A extracts,

for exanple, an image object correspondlng to a background obj ect

cont ai naghbidrd it il ddmge.: Ay al@srddie; hackgr Endhipgs, 5 An

exanpl e of a m odel obtained by expan Ing in the time direction the pixel

val ues fifagpied:Simy | Otk Sid@BY-Si4de ddu 4N idg thg estdpn of " an i mage
corresponding to a foreground object is showmn in Fig- 37. For exanple, if

t heS noiwn fugeneh trieet | iordiofadie) N eviCiit esiPoil Nghd®rd ed IHL-Hpragidound

object is horizontal with respect to the screen
area, the stationary area, the moving area, or the covered

A background area each pixél belongs, and sets the generated
area information in the determining—-flag-storing frame
memory 206. The processing is then completed.

10 7 As discussed above,-the area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covered background area each of the
pixels contained in a frame belongs.

15 The area specifying unit 103 may apply‘logicai OR to
‘the area information corregponding to the uncovered
background area and the aréa information corresponding to
the covered background area so as to generate area
information corresponding to the mixed area, and then may

20 'generate area information consisting of flags indicating to
“which of the‘moving area, the stationary. area, or the mixed
area the individﬁél pixels contained in the frame belong.

When the object corréesponding to the foreground has a
‘texture,. the arearspecifying unit 103 is able to spécify the

25 nmoving area more precisely.




t he nodel shown in Fig. 37 is a nodel obtained by expanding the pixel

val ues of pixels disposed side-by-side on a single line in the ti#penéc 9505
domain. In Fig. 37, the line~in frame #n is the sane as the 15 |ihe 1mn
frame #n-1 and the line in frame #n+l. In frame #n, the foreground
conponents corresponding to the object contained in the sixth through
seventeenth pixels fromthe left are contained in the second through
thirteenth pixels fromthe left in frane #n-1 and are al so contained in 20
the tenth through twenty-first pixeligg4omthe left in frane #n+l. In frane
#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 2 r re-t.he and through faurth pixels from-~2 2
DEC 205 - 10 R LA R S Y sl S S gD B cover
backgr oundo#hea; 8t Citdifc L IAFCORD A0 oM. Sey efl egil huplxel s fromthe |eft,
and the pixels belonging to the uncover ackground area are the sixth

thr oughs gk ghhhic pbxel saf soMmAderBe | B teql fuld ABe#NHna thig Rixe! s bel ongi ng
to the covered background area are the nineteenth through twenty-first

pi xel s &rém iheohdtiomNthd Nea@ingl endelongi P dhen amcayeradpackground
area are the tenth through twel ft pi xels fromthe left. In frame #n-1,

t he 5pi x&h Sohed oheh NPnd Dcd Hien P agkg Newdkbround area.
The embodiment has béen described, assuming that the’
object corresponding to the background is stationary.
However, the above-described area specifying prodessing can
be applied even if the image corresponding to the background
;f;?lo area contains motion. For example, if the imaée

corresponding-to the background area is uniformly moving,
the area specifying unit 103 shifts the overall image in
accordance with this ﬁotion, and performs processing in a
manner similar to the case in which the object corresponding

15 to the background is stationary. If the image corresponding
to the background area_congains locally different motions,
the area specifying unit 103 selects the pixels
correspdnding Fo the_motioﬁs, and ekecutes the above-
described processing.

20 - Fig. 36 is a block diagram illustrating another example
of the configuration of-the érea specifying unit 103. The
area spegifying dﬁit 103 shown in Fig. 36 dbes not use a
motion vector. A'backgrouﬁd image generator 301 generates a
Eackground image corresponding to an input image, and

25 supplies the generated. background image to a binary-object—




area are the first pixel fromthe left, and the fourt h
twenty-first pixels fromthe left- In frame #n, the ﬁ?ﬁ@%%mg%ggﬁg?ng to the
background area are the first through fifth pixels fromthe left, and the
ei ghteenth 15 through twenty-first pixels fromthe left. In frame #n+l, the
“pi xels belonging to the background area are the first through ninth pixels
-fromthe left An exanple of the background i mage corresponding to the
exanpl e shown in Fig- 37 generated by the background i mage 20 generator 301
is shown in Fig. 38. The background iggge consists of the pixels
correspondi ng to the background object, and does not contain inmage
conponents corresponding to the foreground object. The binary-object-inage

oX11 20 LR BOLLLON, P92, S p0Sr gy 2 Binary polect,itmgg based on he
Ut Rges 00 $3UPRLESRLEe BSReraLed, i nary  abbech gl 1o o Lime
cont L ouAELoBOtalNg Bbnariobsestah BAR EK ERELLIRCACLE, O P

baCkgrQﬂﬂggéﬂagﬁdsggﬁéi§@eérEﬂ%tﬂ§ck$2§59&°§&§gkﬁage generator 301 and the

i nput i nagé so as generate a cor at1on value, and supplies the

gengrat ed 1QhCofiahdld AF AlWRid0 dhidY fshobd- Yad M I PCHS SH e 3dme The
correl ati on-val ue cal cul ator 321 applies equation

direction the pixel values of pixels aligned side-by—side in
the moving direction of an image corresponding to a
fpregrouna object is shown in Fig. 37. For example,rif the
moving direction of the image cofresponding to the
F10 fdreground object is horizontal with respect to the screen,
the model shown in Fig. 37 is a model obtained by expanding
the pixel wvalues of pixéls diéposed side-by—-side on a single
line in the time domain. |
In Fig. 37, the line in frame #n is the same as the
15 1line in frame #n-1 and the line in frame #n+1.
In frame #n, the foregﬁound components corresponding to
 the object contained in the sixth through seventeenth pixels-
. from thé left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are also contained in
_20 the tenth through twenty-first pixel from the left in frame
#n+l.
In framé #n:i, the pixels belonging to the covered
background area are the eleventh thfough thirteenth pixels
from the left, and the pixels belonging to the uncovered

25 background area are the second through fourth pixels from




(4) to, f or exanple, a 3x3-background i mge bl ock having X4 at'the center’

. as shown in Fig. 40A, and to, for exanple,a 3x3-background i ngg® BEGERS

having Y4 at the center which 15 corresponds to the background i mage bl ock,
as shown in Fig_40B, thereby calculating a correlation value correspondi ng
to Y Correl Ati nn NTAl 7IP=i=020Y =8 _ B 1(Xi-)OX(Yi- _Y) i=0i=0i=D.
g2 (Yi --Y)-i=9 (4) (5 (6) 2, 2 DEC 2005 - 10 8 - The - '
correl ation-val ue cal cul ator 321 supplies the correlation value cal cul ated

- for each pixel as discussed above ti@g he threshol d-val ue processor 322_

———s

Alternatively, the correlation-value calculator 321 may 5 apply equation
(7) to, for exanple, a 3x3-background image block having X4 at the center,

as ShOVﬂlfl gtelzig[%e nA’f r%rr]n((ja t#%’, 'Jh%r 'piexxe r?lbeélo%g%)%% t%:a{jc ch{eoucrz)q,relrrtreacp e block

havi ng
background area are the fifteenth through seventeenth pixels

from the left, and the pixels belonging to thé ﬁ;éovered
background area are the sixth through‘eighth pixels from_the
5 left. In frame #n+l, the pixels belonging tc the covered
background afea are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
uncoverea baékground area are the tenth through twelfth -
pixels from the left.
Lélo In frame #n—1, the pixels belonging to the background
| 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
15 through twean—firSt pixels from the left. In frame #n+1,
the pixels belonging to the background area are the first
thréugh ninth pixels from the left.
An éxample of the background image corresponding to the
example shown in Fig§.37'generated.by the background image
20  generator 301 is shown in Fig. 38. The background image
__consists of the pixels cofresponding to the background
object, and does ;ot contain image components corresponding
to the foreground objecﬁ_

The binary-object-image extracting portion 302

25 ° generates a binary object image based on the correlation




center which corresponds to the background i mage bl ock, as shown in Fig_
41B, thereby cal cul ating the sum of absolute 10 val ue¥ Réceditfef @0@nces -
corresponding to Y4 a Sum of absolute values of differences =1 I(Xi - Yi)]j
(7) i=0O The correlation-value cal cul ator 321 supplies the sumof the

absol ute values of the differences cal cul ated as descri bed above to the

t hreshol d- val ue processor 322 as the 15 correlation value. The

t hreshol d- val ue processor 322 conpares the pixel value of the correlation
imge with a threshold value thO. - 07t ke correlation value is smaller than
or equal to the threshold value thO 1 is set in the pixel value of the 20
bi nary object image- If the correlation value is greater than the

thr esnalek NG 1D, Bl 361 Sl d ol ¥5le WAl afuaddie Biqiary obl et

i mage. e res | 'ue processor outp |nary obj ect

| mge @?ﬁ:ﬁﬁl@-sx%lh @]elz'l%rjaste Ogtlnta%dro OQ{]HB;C 1 hr egw é?%qu.:ﬁin ocessor

322 may store 22 Decenber value thOtherein in
advancget{cHiRy 3¢se the threshold val ue thO input from#n external source.
Fig. 42 illustrates the binary object image corresponding to the nodel of

the input ipage shows hnpkb@x @iddrahnNilh@sPrAdingoRhect inmage, 0 is
"set-.in the pixel values of the pixels each having a higher correlatlon
W th tdee figalk@ravnd oifMB@e binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the
correlation between the background image supplied from the
background image generator 301 and the input image so as to
generate a correlation value, and supplies the generated
,,.510 correlation value to a threshold—value processor 322.
| The correlation-value calculator 321 applies equation
(4) to, for example, a 3x3-background image block having X,
at the center, as shown in Fig. 40A, and to, for eﬁample, é
3x3~background image block having Y, at the center which
15 corresponds to the background image block, as shown in Fig.
40B, thereby calculating a Forrelation.value corresponding

to Y,.

zﬂ(xl —:m};(Yl -

Correlation value = = =220 - (4)
8 —
_JEZ(Xi ~X ) i~
i=0 i=0
8
> xi - . _
x = &= (5)
‘ 9 ' :
8
2
20 Y = +°— : | S - (6)
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Fig_ 43 is a bl ock diagramillustrating the configuration of the tine

change detector 303_ Wen 10 deternining the area of a pixel in.f pegepdn, a
frame nenory 341 stores a binary object inage of franme #n-1, frame #n, and
frame #n+l supplied fromthe binary-object-imge extracting portion 302.
An area determ ning portion 342 determ nes the area of 15 each pixel of
frame #n based on the binary object image of frame #n-1, frame #n, and
frame #n+l so as to generate area information, and outputs the generated
area information. Fig. 44 illustrategsgghe determ nations. made by the area
determ ning portion 342. Wen the designated pixel of the 20 binary object
image in franme #n is 0, the area determ ning portion 342 determ nes that

t he designatfg pi xel Ln frame fn bel ongs to the background area. \Wen the
desi gnat ed pfxel “QF-thet bt haly ¥hj eetcrhaberi 1l i3RI ¥##°i€he, and when the
corresp i Lxel of the 25 binary_object image.in frame #n-1 is 1, and
mhen'thggg%ggﬁgtpgoﬁgiye156%C82?£8§p8ﬂ5iﬁacBiQé €4 2Bh816FHEP§Iobj ect i mage
in framgp#pz! +of $1d. _determ.ning._porti 342 déterm nes that the
desi gnat ed pix%l P% F&ggﬁﬁéﬁgbgsoﬁﬁSPFSC%ﬁgofo?gground, area. ‘\Wen the

desi gnated pixel, of+i [ Y obj 'ﬂgg ' 5 ifgf" and when
the correspondi nig pi x‘gfl)g'f nﬁle Co(g’ilﬁgi_r?/{o ] g&‘%fﬁl%&%éei(?‘gf?&;rne n-"ia¥5 0, the
ar ez debgpIynégBatRORt (PN 842 dsterlhmsset hat skhenderionated; pige! in frame
#n belongs to a covered background area.

block having X, at the center, as shown in Fig. 414, and to,

for example, a 3x3-background image block having Y, at the
center which corresponds to the background image block, as
shown in Fig. 41B, thereby calculating the sum of absolute

iﬁ 10 values of differences corresponding to Y,.

. - g8 .
Sum of absolute values of differences = Ealmj.— Yﬂ! (7]
. i=0

The correlation-value calculator 321 supplies the sum
of the -absclute values of the differences caléulated as
described above to the threshold-value processor 322 as the

15 correlation value. |
The threshold-value processor 322 compares the pixel
value of the correlation image with a threshold value tﬁO_
LIf the correlation value is smaller than or equal to the
threshold value th0, 1 is set in the pixel value of the
20 binary object image. If the correlation value is greater
" than the thréshoia value thO, 0 is set in the pixel value of
the binary object image. The threshold-value processor 322
then outputs the binary object image whose pixel value is

.'set to 0 or 1. The thresholdﬂvalue‘processor 322 may store




When the designated pixel of the binary object |nage22qkm%%bgpg@§5#n is 1,
and when the corresponding pixel of the il binary object 1nage In frane
#n+l is 0, the area determning portion 342 determ nes that the designated
pi xel in frame #n belongs to an uncovered background area. Fig. 45 '
illustrates an exanple of the determinations 15 made by the time change
detector 303 on the binary object 1nmage corresponding to the nodel of the
i nput inmage shown in Fig. 37. The time change detector 303 determ nes that.
the -first through fifth pixels frod®Phe left in frane #n belong to the
background area since the corresponding pixels of the 20 binary object
image in frame #n are 0. The tine change detector 303 determnes that the

“sixth  ddy cghe dHOD RIR] SHo" ARdNRE A aff RRIene: t oxt Ry wncovaled
background area since the pixels of the-binary object inage in frame #n

are 1, wbdiia Cordlespad NGpRitXerpr Al et Wrthraee 0. 22 Decenber
2005 - 111 The tine change detector 303 determines .that the tenth j1~10 4

1~ t hrough thrtGEn&mlﬁBXQESeérﬁnbtbenheﬁtob@bomglmagbhe foreground area
since the pixels of the binary.olaect inmage in frane #n are 1, the
cor r esppudiaspqddiels tion thramed#l- bL dahe Inpartd imh@ecarhmmpdmdik‘ri@ pixels. in
frame #n+l1 are 1_ The tine change detector 303 determ nes that the
5 37. In the binary object image, 0 is set-in the pixel
values of the pixels each having a higher correlation with
the background image.
Fig. 43 is a block diagram illustrating the
configuration of the time change detector 303. When
;10  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-
extracting portion 302.
An area determining portion 342 determines the area of
15 eéch pixel of frame #n based on the binary object image of
frame #n-1, frame #n, and frame #n+l so as to generate area
inférmation, and outputs tﬁe generated area information.
, Fig: 44 illustrates the determinations made by the area
determining portion 342. Whén the designated pixel of the
20 bihary object image in frame #n is 0, the érea determining
| portion 342 determines that the designated pixel in frame #n
belongs to tﬁe béékground area. |
When the designated pixei of the binary object:image in

frame #n is 1, and when the corresponding pixel of the

25 binary object image in frame #n-1 is 1, and when the



fourteenth through seventeenth pixels fromthe left belong to the covered

" background-area since the pixels of the binary object inage i?ﬁ;@ﬂgﬁgﬁge

are 1, and the corresponding pixels in franme #n-1 are 0. The

detector 303 determines that the eighteenth through twenty-first pixels
fromthe left belong to the background area since the correspondi ng pi xels
of the binary object inmage in franme #n are 0 15 The area specifying
processing performed by the area specifying unit 103 is described bel ow
with reference to the flowhart of _F gy 46. In step S301, the background

i mge generator 301 of the area specifying unit 103 extracts, for exanple,
an i mage object corresponding to a background 20 opject contained in
an' i nput_ i mage bgsed on the input- inage so as to generate a background

i mage, and "STBPRFe8It Rexehenbr Bk edPbRaekyr 6Bh8CT niede ol R hbrame #n+l

bi nary-qQhj ect-image _extractin ortion 30 In step, 5302, the
binary-§%%ECtF%ﬁaggeax%?é%fThﬁgﬁg BOFEH 3R %6% date b?%g_sh%BrF%?ation
value b i Z 2.DEC 2005, -. 112 jmage apd the background i mage
supp i oo ighetAS BERKL Bt ol certrife . LooR e chOF iR FEF - exanpie,
cal cul ation wgiscuss i enece t | OS. qsg . 40B 0 n step 5303,

t he bi nary-obj ect#&?naetgeeﬂ tr{é?g &;r’]lg&glor(fl‘?o@%%ﬁmco E%riglsecgt J‘g\ak‘r:fenalrny obj ect

| mage f EQENLNERCOLT &) AlA@NNEL Undndo LN AOLERND| 0 Y& Uge LI DY, Tor
exanpl e, conparing the correlation value wt he thresho val ue thQO
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 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+l is 0, the area determining
portion 342 determines that the designated pixel in frame #n
 be1ongs to an uncovered background area.
Fig. 45-illustrates an example of the determinations
15 made by the time change detector 303 on the binary object
image corresponding to the ;model of the input image shown in
-'Fig; 37. The time change detector 303 determines that the
first tﬁrough fifth pixels from the left in frame #n belong
to the background area since the corresponding pixels of the
20 binary object image in frame #n are 0. |
The time change detector 303 determines that the sixth
through nintﬁ pi;éls from the left belong to the uncovered..
‘background area since the pixels of the binary object image

in frame #n are 1, and the corresponding pixels in frame

25 #n+l are 0.



~In step 5304, the tinme change detector 303 executes the area determ ning
processing, and the processing is conpleted. Details qgf the area

“determning processing in step S304 are descri bed bel

Dgdembeer@%nce

to

the flowhart of Fig. 47. In step 3321, the area determ ning portion 342

.of the

ti me change detector 303 determ nes whether the designated pixel in.

frame #n stored in the franme nenory 341 is 0. If 15 it is determned that
the designated pixel in frame #n is O the process proceeds.to step S322.

In step 3322, it is determ ned that ithe-desi gnated pixel-in frame #n

bel ongs to the background area, and the processing is conpleted. If

determned in step S321 that the designated 20 pixel

it

is.

in frane #n is 1, the-

process progReds;ho o 8Ra8333reckl ShER §323niNe area, deterpLyLRO por tion

342 of the tinme ¢
Cpixel 4 d j:Q .t f al i , d whet he
Do es i SRR R iR ihe TN Bhajrle i (B el

correspondi Ng pi xe

ge tector eterm nes

rame -

desi gn#RdgRionel bRehr 3HR AN the %i%%qSZ%ED%EQWQQBa%QO€5§e%¥3im%B%

corresponding pixel in frame #n-
I n st eEnS324mel ¥nl srdetier nRedotrhakpbhaidgspgnatadipi rebmkn ghrame #n

signat ed

t he.

eterm ned that the

0, the process proceeds to step S324.

‘bel ongs to the covered background area, and the processing is conpleted. 5
If $t laxeddt eafiinetiel BostreppSad3nghatixkhe dasicgaakedn+pi ek an frame #n is
or that the corresponding pixel in frame #n-1 is 1, the process
proceeds t oTbéepim32&hahge stiepect3253038 htetd aaites etivati tigeporti on 342 of
the time change

0,

15

20

25

fourteenth_through seventeenth pixels from the left belong
to the covered background area since the pixels of the
binary.object image in frame #n are 1, and the corresponding
pixels in frame #n-1 are 0.

The time qhange detector 303 determines that the
eighteenth through twentYFEirst pixels from the left belong
to the background area since the corresponding pixelslof the
binary object image in frame #n are 0.

The area specifying processing performed by the area
specifying unit 103 is desc;ibed below with reference to the

floﬁchart of Fig. 46. In s%ep 5301, the background image

generator 301 of the area specifying unit 103 extracts, for

example, an image object corresponding to a background
object contained in an input image based on the input image

so as to generate a background image, and supplies the

‘generated baékgrdﬁnd image to- the binary-object-image

extracting portion 302.
In step 5302, the binary-object-image extracting

portiOn 302 calculates a correlation. value between the input




detector 303 determ nes whet her the designated pixel in 10 frame #n stored
in the frame menory 341 is 1, and whether the .corresponding pkﬁﬁéEéﬁﬂ%rane
#n+l is O_If it'is determned that the designated pixel in f s 1
and the corresponding pixel in frame #n+l is 0, the process proceeds to
step S326. In step S326, it is determned that 15 the designated pixel in
frame. #n bel ongs to the uncovered background area, and the processing is
conpleted If it is determned in step S325 that the designated . pixel
in-frame #n is 0, .or that the correspgonding pixel in frame #n+l is 1,.the
process proceeds to step S327. In step 20 S327, the area determ ning
portion 342 of the time change detector 303 determ nes that the designated

pi xel in_frame #n _belongs to the, foreground area, and the processing is
conpletéﬁ?geAgngiEgﬁsgﬁgk%B%W%g {Wﬁﬂ%niﬂP@ﬁﬁﬁéf€%?E) 7 t ﬁ%%9¥%93ﬁiable to

Pout | HIC A B Cor T Cb Ol T bbby Ut TTHY S t U e the
i nput i hage a e cor p ckgro , 1o’} i ot t he
Locoge HiCpRESRa & DEnDPEKOEONRT B0 ORiql 1P ERVERAT AT CINRUAT A 83pa0T (N€
uncover ed_ bac ground ar éa each; prxe 97 "t he i hput 1mage bel'ongs, ~and

- gener at gns3h pha kL 08 FBLLOM, 0 COLERSPONM b Oy LS, GPachdd etk s coult. Fi o

48 is a bl ock diagra lusttating anot con . the area
speq f YbHabpi 103 THEgar £Rom SBRCT d¥i MG 4 dn KO3 Showh i i g. 48 uses a

notion vector and positional information thereof supplied fromthe notion
threshold value th0 by, for example, comparing the
correlation value with the threshold value th0.
In step 5304, the time change detector 303 executes the
area determining processing, and the processing is completed.
{VE&lO Details of the area determining processing in step 5304
v are described below with reference to the flowchart of Fig.
47. 1In step $321, the area determining portion 342 of thel
time change detector 303 determines whefher the designated'
pixel in frame #n stored in the frame memory 341 is 0. If
15 it is-determihed that the designated pixel in frame #n is 0,
the process proceeds.to step $322. 1In step 5322, it is
determined that the designgted pixel in frame #n belongs to
the background area, and the prqcessing is completed.
If it is determined in step S$321 that tﬁe designated
20 pixel in frame #n is 1, the process proceeds to step S5323.
In step 8323, the area determining portion 342 of the time
change detecior 503 determines whefher the designated pixel
in frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n—-1 is 0. If it is

25 determined that the designated pixél'in frame #n is 1 and




10 detector 102. The same el enents as those shown in 5 Geeifhe 2685 -
designated wth Iike reference nunerals, and an éxplanation {Rereof is
thus omtted A robust-processing portion 361 generates a robust binary

obj ect inmage based on binary object inmages of N 15 frames supplied fromthe
bi'nary-obj ect-image extracting portion 302, and outputs the robust binary
object image to the time change detector 303. Fig. 49 is a block diagram
illustrating the configuration of the robust-processing.portion 361. A 20
noti on conpensat or 381 conpensat es- floy3 the notion of the binary object

i mages of N franmes based on the notion vector and the positional

informati on thereof supplied fromthe notion detector 102, and outputs a
not i ON- EREPEHS } Yy 3 O Frpge £.0. i&C e notion
conpensati on pgéf%g?llrpr%d ypjflﬁée)ierrfo%ifon 22 I(Pcign%gemré2B‘élgé-zp%‘«L‘f%‘geJ“J;(':lorrpensat or
381 is giscssgedebel oy, wihy I ef g encs, tozexanpl ess SHOWO [ &l 98n,£0 and 51

It is now assuned, for exanple, that the area in frane #n is to be

processee dheighh ned Yo DR ECin | rRges o Bdaimydned, the alevdRegand frane
#n+l 5 shown in Fig. 50 are input, the notion conpensator 381 conpensates

for thebacitdgorued dies bided yriobjmeicddmgey of s feampl #ped. and the binary
obj ect image of frame #n+l, as indicated by the exanple shown in Fig. 51,
based on t hdf nut iien dedetrovinsdpini edefpr Gm2Eha hat it detsdefrart<kD2, and
pixel in frame #n is 0, or that the corresponding pixel in.
frame #n-1 is 1, the process proceeds to step S325. 1In step
5325, the area détermining portion 342 of the time change

detector 303 determines whéther the designated pixel in

%10  frame #n stored .in the frame memory 341 is 1, and whether

]

the corresponding pixel iﬁ 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 8326, it is determined that
15 the designated pixel in frame #n belongs to the uncovered
background area, and the pgpcessing is completed.

If it is determined in‘step 5325 that the designéted
pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l1 is 1, the prbcess prgceeds to step78327. In step.

20 3327, the area determining portion 342 of the time change
detector 303 determines that the designatéd pixel in fraﬁe
#q belongs to thé“foreground ared, énd the prbcessing is
completed. |

As discussed above, the area specifying uﬁit 103 is

25 able to SPeCify,,based.on the correlation value between the




10 supplies the notion-conpensated binary object inmages to the éiF:I smntch
382_ The switch 382 outputs the notion-conpensated binary Objg

the first frame-to a frame nmenory 383-1, and outputs the

not i on- conpensat ed bi nary object image of the 15 second frame to a frane
menory 383-2. Simlarly, the swtch 382 outputs the notion-conpensated

bi nary object images of the third through (N-1)-th frane to frane nenories

©383-3 through 383-(N-1), and outputs the notion-conpensated binary object

image of the N-th frame to a franme-nempry 383-N. 20 The franme nenory 383-1

stores the notion-conpensated binary object imge of the first franme, and

out puts the stored binary object inage to a meighting'portion 384-1. The

frame r the notion-conpens nar object i e of the
H§E¥ %gg § 8 ? Orr?%Pgadlag 8 ﬁ roun%lé% g¢ %e %Q}

second ne, —and 0

wei ghti gg pRLt ggg ggﬁgd M)EC EPﬁebaéggmﬁ,@ Latly, te}gé] CJJ&%& Menor i es

383-3 t hrough storés on- conpensat blnary object i mages-

of the bEBk&goﬁﬁﬁogggaghb;)tﬁe unEB@ ad ﬁgﬁkg ﬂH%‘aﬁgf fﬁﬂ{§9$ﬁhﬂary

obj ect images to weighting portions 4 3t 84- (N e frame
menory 383tAeSiRpeS 1RS;ADLE DAy Q”D@Héa%QHePéH@é Yar@(plﬁ%ofrﬁ@igﬁrpf the N-th
o

frame, and outputs the Stored |nary ject image to a weighting portion
384-9N. Fherwepohiling porthonsS8d: #igul tephies the pixel value of the

not i on- conpensat ed bi nary object imge of the first
Fig. 48 is a block diagram illustrating another
configuration of the area specifying unit 103. The area

specifying unit 103 shown in Fig. 48 uses a motion vector

and positional information thereof supplied from the motion

{mj 10 detector 102. The same elements as those shown in Fig. 36

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 cobject images of N

i5 frames supplied from the'binary—object—imagé extracting
portion 302, and outputs tpe robust binary object image to
the time change deﬁector 3b3.

Fig. 49 is a block diagram illustrating the
configuration of the robust-processing portion 361 &

20 motion compensator 381 compensates for the motion of the
binary object images of N frames based on the motion vector
and the posifion;i information thereof supplied from the
motion detector 102,‘and outputs a ﬁotion~¢ompensated binary
object image to a switch 382. |

25 The motion compensation performed by the motion




,:? 10 franme supplied fromthe frame nmenory 383-1 by 3 guLdpepptisned wei ght
W, and supplies a weighted binary object inmge to an accunul ator 385_ The
‘wei ghting portion. 384-2 nmultiplies the pixel value of the

not i on- conpensat ed. bi nary object inmage of the second frame supplied from
the 15 franme menory 383-2 by a predeterm ned wei ght w2, and supplies the
wei ght ed binary object inmage to the accurmul ator 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 1) nultiply thé pixel values of

t he -noti on-conpensated 20 bi nary obj¥cd 4+ nages of the third through
(N--1)-th frames supplied fromthe frane nenories 383-3 through 383-(N-1)
by. predeterm ned wei ghts V\B t hrough W(N-1), and supplies the weighted

bi nary AiySSled ISR Ord N ASEILI 31010385 e, JELANL g pOrtion 384-N

- multiplies the pixe ue not 1 on- corrpensat brnary object inmage

of the Neddpfdamhdim QGP%’R% 2005 nq 117, spppid b ram ey frage menory
383-N by a predeterm ned 'weight W\, and supplies the weighted binary

obj ect dxmgeid 0 tHAe BRCWRL At B8Bne The RSP ator.3BRsagcunmiat es the
pi xel values of the 5 notion-conpensated binary Obj ect inmages multiplied
by the biEoht Sobiedthriedagfe s Ofrtdige fid-st, tivoughgdN- tdnd redm@ee A0
conpares the accunul ated pixel value with the predetermned threshold
val tie tdiQwr hier ahiyy .g&teraatd nighpidte, bimarme wkjre ciomparagetoAS3 gl scussed above,
t he robust-processing portion 361

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. 51, based on the
motion vector supplied from the motion detector 102, and

5?:#10' supplies the motion—compensated binary object images to the
1

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 motioh—compensated binary object image of the

15 second frame to a frame memory 383-2. Similariy, the switch
382 outputs the motion—comgensated binary object images of
tﬁe third through (M-1)-th frame to frame memories 383-3
through 383~(N—1), and outputs the meotion—compensated binary
object image of the N-th frame to a frame memory 383-N.

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

The frame memory 383-2 stores the motion-compensated binary

object image of the second frame, and outputs the stored

25 | binary object image to a weighting portion 384—2.-




generates a robust binary object i mage fromN binary object images, and
supplies it to the time change detector 303. Accordi ngly, t hezarpm
specifying unit 103 configured as shown in Fig. 48 is able to specgg§ the
area nore precisely 15 than that shown in Fig_ 36 even if noise is
contained in the input inmage. The area specifying processing perfornmed by
the area specifying unit 103 configured as shown in Fig_ 48 is described
bel ow with reference to the flowhart of Fig. 52 20 The.processi ngs of step
S341 through step 5343 are simlar ;¢ those of step S301 through step S303
di scussed with reference to the flowhart of Fig. 46, and an expl anation
thereof is thus omtted. In step 5344, the robust-processing portion 3.61
25 perforns the robust processing. .'1-2 DEC 2005 118  |n_step.S345, the
tine changeﬁﬁgﬁé@F&ﬁVBG@epéFF@Pn?ePHéleéré§3détEPHPH9H936906§3§?ng, and the

proce55| mpleted. Details e55|n ste 345 are

si mi lar ‘?‘gr‘?%eqb‘? d?:%?s‘?%gc t&TI\H 3&?&%@‘3@% &I hart of Fig.
5 47, d. an expl anat re |s t.hu tted Det |Is .t he_robust

pr ocesg’lahg %O%Lgs {t\?g“ Bﬁ} tf?era cé"‘élsqsr?él At é:r})lesﬁ% re LE2TED are

gi ven hel LI L cdeler nee, e tgpﬁoe QUGNANG OF g o L5 3420, 5361, the

notion c I on conpensat | 10 an’i nput

bi nary @b el ddraag,Has S‘}Ih}lgl rorl h'tf?l% YL -Rhp G RES 'bEhQQ"j’r'

i nformation thereof sup e notion
object image of the N-th frame, and outputs the stored

binary object image to a weighting portion 384-N.
The weighting.portion 384-1 multiplies the pixel value
of the motion-compensated binary object image of the first
-310 frame supplied from the frame memory 383-1 by a
predetefmined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
384-2 multiplies the pixel value of the motion—compensated
binary object image of the second frame supplied from the
15 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) muitipiy the pixél values of the motion-compensated
- 20 binary object images of the third through (N—1)-th frames
supplied from the frame memories 383—3.through 383-(N-1) by
prédeterminea weiéhts w3 through w(N;l),'and supplies the
weighted binary object images to .the accumulator 385. The

weighting portion 384-N multiplies the pixel value of the

25 motion-compensated binary cbject image of the N-th frame




detector 102_ In step 5362, one of the frame nenories 383-1 through 383-N
stores the correspondi ng noti on-conpensated binary c%ﬂQRRGWQQﬁégogupplied
via the switch 382 15 In step 5363, the robust-processing portion 361
determ nes whet her N binary object inages are stored. If it 1is determ ned
that N binary object imges are not stored, the process returns to step
5361, and the processing for conpensating for the notion of the binary

obj ect imge and 20 the processing for storing the binary object inmage are
repeated. If it is determned in step@B363 that N binary object inages are
stored, the process proceeds to step S364 in which weighting is perforned.
In step 5364, the weighting 25 portions 384-1 through 384-N nultiply the

correspgﬂg& &ﬁﬁ@ 05 - 119.-. binary object inages by the
wei ghts wl jtjﬁ?%\luéﬁo | ngé?%% rg%%%yt 8e3 algc%u%/ %%g%%%r%%rgeu%ul ates the N
wei ght Lnaryy obj eet i , - , cggg&! t 5. generates
a bi na‘ra‘g;;e @gb‘jy%b?é rlg&:rra%‘%a ro%l"t %Z%:%ﬁ%ﬁ?%’?e%iﬁn%ges y_,@fjglﬁa%ega%%l e,

conpar i fige thec@peipd At gek val ue with a predeternined threshol d val ue thl
and the processing is conpleted. As discussed above, the area specifying

unit 103  camd GURMASDIOWRS Rddihu148 dsS 1 §ihQ198RAKRIE AT §§10

i nformati on based on the robust binary object image. 1li As is seen from

t he 5f ormegtoi a1g-ctegssn i oD b ilerdl@Rect images multiplied by the
weights wl through wN of the first through N-th frames, and
compares the accumulated pixel value with the predetermined
threshold value thQ, thereby generating the binary object
image.

,,%10 As discussed above, the robust-processing portion 361
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. 48 is able to specify the area more precisely

15 than that shown in Fig. 36 even if noise is contained in the
input image.

The area specifying processing pefformed by the area
specifying unit 103 configured as shown in Fig. 48 is
described below with reference to the flowchart of Fig. 52.

20 The processings of step S$341 through step S343 are similar
to those of step S$301 through step $303 discussed with
reference torthe }lowchart of Fig. 46, and anrexplanation
thereof is thus omitted.

In step S344, the robust-processing porfion 361

25 performs the robust prdcessing-




speci-fying unit 103 is able to generate area information indicating to
whi ch .of the noving area, the stationary area, the uncovered bagkgnosirghs
area, or the covered background 15 area each .pi xel contained in a frane
belongs. Fig. 54 is a block diagramillustrating the configuration of the
m xture-ratio calculator 104. An estimted-m xture-ratio processor 401
calculates an estimated m xture ratio for each pixel by,calculating a 20
nodel of a covered background area based on the input image, and supplies
the cal cul ated estinmated m xture ratipgto a mxture-ratio determ ning
portion 403. An estimated-m xture-rati o processor 402 cal cul ates an
estimated m xture ratio for each pixel by calculating a .25 nodel of an
sed on the input 2, 2 DEC 2005 - 120 . i mage,

uncover ed bqfkground eaéﬁe

and suppl i esth HE-e 1A B o ot it P THIS (AR ST 070% STHO Xt rat | 0
det 1.nj tion 403. Si it d that th bj t

cor T cepara Bet R R RS e S Rl e P LR e e S, BB St hi n

.5 th i t 1 Xt tio h i | s.:pel i t i d
(ool BBERLEL BETEno BE LIS (EILELR Of SNe Rl aBhE be onging (o mxe

i nearl ¥,-ocbapnggs &f&@x&%&é‘@ fot}’i hP_ePé’?éﬁ&&”@é.ﬁ?é‘”ﬁf%M&l%PE ot Xﬂ?.n' f the

positi-onal change Int pl xel s i's one-di nensi onal, change t he

M XtsUr 472t 404 (g Cétp Pend RS oS Ao £ 1 NeafhYs ddi & posi tional change in
the pixels is two-dinmensional, a change in the mxture ratio a can be
represent ed m¥te8i I ¥ -the robust processing corresponding to the
processing of step 5344 in Fig. 52 are given below with
reference to the flowchart of Fig. 53. In step S361, the

motion compensator 381 performs the motion compensation of

an input binary object image based on the motion vector and

e,
et
]

the positional information thereof supplied from the motion
detector 102. 1In step 5362, one of the frame memories 383-1
thfouéh 383~-N stores the correspbnding‘motion—compensated
binary object image supplied via the switch 382.

15 In step S363, the robust—brocessing portion 361
determiﬁes whether N binary object images are stored. If it
is determined that N binar; object images are not stored,
the proéeSS returns to step 8361, and the processing for
Compensating for the motion of the binary object image and

20 the proéessing for stqring the binary object image are
répeated.

If it ié dééérmined in step S363 that N binary object
images are stored, the process proceeds to step 8364 in
which weighting is pérformed. In sfep S364, the weighting

25 portions 384~1 threough 384-N multiply the corresponding N



Since the period of one frame is short, it can be assipnggtchital 206 obj.ect
corresponding to the foreground is a 15 rigid body noving with constant

vel ocity. The gradient of the mixture ratio (X is inversely proportional
to the anbunt of novenent v within"the shutter tine of the foreground. An
exanpl e of the ideal mxture ratio cc is shown in Fig. 20 55- The gradi ent
| of the ideal mxture ratio (X in the m xed area can be represented by the
reci procal of the -amount of novenment v As shown in Fig. 55, the ideal
mxture ratio cx has the value of~ 1§%h the background area, the value of 0
in the 25 foreground area, and the value of greater than O and smaller -
121 than 1 in the mxed area. In the exanple shown in Fig_ 56, the pixel

val ue @tnaty tdiejseyentdlydd ¥8) fromdigni i1 i thfd@ge 4. can be indicated
by equation (8) by using the pixel value P06 of the seventh pixel fromthe

left in frame #teb SG86 = tBR6/ARER 1\HIRLAGEFGY im0 os \the R / v + FOL
' v +F02 /[ v 22/ v PO6+XFi/v i=1 (8) In equation (8), the pixel value

COGIESW&EUhEﬁdeﬂnEEy th@ﬁt\&ﬁagﬁﬁﬂof the pixel in the nixed area, while
the In step S366, the accumulator 385 generates a binary
5 object image from the acqumulated iméges by, for example,
comparinj_the accumulated value with a predetefmined
thresho;d valﬁe thl, and the processing is completed.

As discussed above, the area specifying unit 103

configured as shown in Fig. 48 is able té generate area
jﬂO- information based on the robust binary object image.

As is seen from the foregoing description, the area
specifying unit 103 is able to generadte area information
indicating to which of the moving area, the stationary area,
the uncovered background area, or the coyered background

15 area each pixel contained in a frame belongs.

Fig. 54 is a block diagram illustrating the
configuration of the mixture-ratioc calculator 104. An
.estimated—mixture—ratio processor 401 calculates an
estimated mixture ratio for each pixel by calculating a

20 - model of a covered background area based on the input image,
and supplies the calculated estimated mixture fatio to a
mixture—ratié deférmining portion 403.

An estiméted—miiturefratio processor 402 calculétes an

estimated mixture ratio for each pixel by calculating a

25 model of an uncovered backgrouﬁd area based on the input




10. pixel. value P06 is indicated by a pixel value B of the pixel 1in the
background area. That is, the pixel value Mof the pixel in t he' #iDE6d2086 ea
and the.pi xel value B of the pixel in the background area can be
represented by equations (9) and (10), respectively. 15 M= C06 (9) B =
PO6 (10) In equation (8) , 2/v corresponds to, the mxture ratio a. Since
t he anpbunt of novenent v is 4, the mxture ratio a of the seventh pi xel
fromthe left in frame #n is 0.5. 20 As di scussed above, the pixel value C
in the designated frane #n is consitesed as the pixel value in the m xed
area, while the pixel value P of frame #n-l prior to frame #n is
considered as the pixel value in the background area. Z 2 DEC 2005 - 122
Accor di & equat | ipdicatin e . N x ratj n e
represe%gééebygggugggg%§%ilgg% %?gcglggﬁg ?i%¥£§ﬁ%§e&?xgﬁggqﬁ%€}%n (11)

i ndi cates the EQQFQE%Lpgt§OfQ%Fggﬂyggngﬁﬁggggggs4ggFi/v contained in'the

designated. pixel. The variables cont in equation-(11) are two

factors, i.esjnddieiddduing rald g At Nesupieof ddered@spanpynd
conponents. Simlarly, a nodel obtained by expanding in the ting !-V 10

directi es the pbxehr¥ahdessi MoWh§heiPe aBRYBAnLf vADYEMBPtwihfnand the
nunber of virtual divided portions is 4 in an uncovered background area is
~shovih i ah&i ghub¥er time, the mixture ratio a of the pixels
belonging to a mixed areé exhibits the following
_characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.
If the positional change in the pixels is one-dimensional, a
é?ﬂ? 10 change in the mixture ratio ® can be represented linearly.
A iIf the positional change in the pixels is two-dimensional, a

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

Since the period of one frame is short, it can be

assumed that the object corresponding to the foreground is a

15 rigid body moving with constant veloéity.

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

An example of the ideal mixture ratio a is shown in Fig.
20 55. The gradient 1 of the ideal mixture ratio @ in the
mixed area can be represented by the reciprocal of the
amount Qf moﬁeme££ V.
As shown in Fig. 55, the ideal mixture ratio a has the

value of 1 in the background area, the value of 0 in the

25 foreground area, and the value of greater than 0 and smaller




As in the representation of the cover ed background area, in the uncovered

background area, the pixel value C of the 15 desi gnatedpddcaiBer bbos S
considered as the pixel value in the mxed area, while the pixel value N

of frame #nl-1 subsequent to frame in is considered as the background
area. Accordingly, equation (3) indicating the mxture ratio a can be
represented by equation (12). 20 C = a N+ (12) The enbodi mrent has been
descri bed, assuming that the background object is stationary. However,
equations (8) through (12) can be applied to the case in which the
background object is noving by using the pixel value of a 25 pixel |ocated
correspondi ng to the anount of novenent v of 22 Decenber 2005 -- 123 the

backgr ogih 1 tinishdanassued, for exanple, in Fig. 56 that the anount of
novenent v of the object corresponding to the background is 2, and the

nunber of vimd udle dixengAd sPRAN QRS Hiy 2.54 N dHY $iGRIE varhen doe 3bj ect
corresponding S to the background is noving to the right in Fig. 49, the

pi xel wvaealesdBraiti heipi Xefrdm the baek g OuRehs efn | dan eI n@ddd) IS
represented by a pixel value P04. Since equations (11) and (12) each
cont ai royt waruatairarabl @8s ,bit hes iMtihie potéD v banneie ber daiersdnad-n t hout
10 nodi fying the equations. Since the spatial correlation in.an inmage is
genér aldixssh riomp et glefor iing MPiawed skrarke. of substantially the same pixe
val ue.

C66 = B06 /v +B06/ v +F01/v +F02 /v
=P06/ v +P06/v +F01/v +F02/v (8)

. 2
=2/v-POG+ZE‘i/V

i=1
In equation (8), the pixel value C06 is indicated by a
pixel value M of the pixel in the mixed area, while the
10 pixel value P06 is indicated by a pixel value B of the pixel
in the background area. That is, the pixel value M of the
‘pixel in the mixed area and the pixel value B of the pixel
in the background area éah be represented by equations (9)
and (10), respectively. |
15 . M= C06 : (9)
B = P06 {10}
‘In equation (8), 2/v corresponds tO'fhe mixture ratio o.
Sincg the amount of movement v is 4,'the mixture ratio a of

the seventh pixel from the left in frame #n is 0.5.

.20 As discussed above, the pixel value C in the designated

frame #n is considered as the pixel value in the mixed area,
while the pixel value P of frame #n-1 prior to frame #n is

considered as the pixel value in the background area.




Since the spatial correlation of foreground conponents is strong, the
equation is transformed so that the sumf of 15 the foregroung ent s
can be obtained fromthe previous .or subsequent frane and coggat @ﬂg

m xture ratio a. The pixel value Mc of the seventh pixel fromthe left in
frame' #n of Fig. 58 can be expressed by equation (13): 12 MC=? B06 + Y
Fil v Vi=rl 20 where 2/v of the first termof the right side of equation
(13) corresponds to the mxture ratio a. The second term of the right side
of equation (13) is expressed by equasion (14) using a pixel value in the
subsequent frame #n+1l: ~k 2 DEC 2005 - 124 12 10 >2 Fily = (3-jFi/v i=11
I =7 (14) By utilizing the spatial correlation of theuforegtound

conmponents, $ i on % holds true; F=FO5=F06-- FO7=F08=F09=F| O=F1| =F12
(15) 5 Eﬁﬁ%’f b gi‘iiﬂf) beny &9 aé’é‘alﬁﬁtéaﬁa{:?%nm%’i%)‘rﬁyrﬁﬁ?| %i 79" equat i on

(15): 1% represented g; egunation {(11}:
C = ¢ Pt+f - ' . ?11)
' where f in equation (11) indicates the sum of the
5 foreground components X;Fi/v contained in the designated
pixel. The variables contained in equation (11l) are two
factors, i.e., the mixture ratio o and the.sum f of the

foreground components.

Similarly, a model obtained by expanding in the time

/10 direction the pixel walues in which the amount of movement

is 4 and the number of virtual divided.ﬁortions is 4 in an
uncovered background area is shown in Fig. 57.
As in the representation of the covered background area,
in the uncovered background area, the pixel value C of the
15  designated frame #n is considered as the pixel value in the
mixed area, while the pixel value N of frame #n+l subsequeﬁt
to frame #n is considered as the background area.
Accordiﬁgly, equation (3) indicating the hixture ratio o can
be represeneed by equation (12}).
20 C=a e Ntf | : _ (12)

The embodiment has been described, assuming that'the
backgiound objecg‘is stationary. However, equations  (8)
threugh (12) can be applied to the case in which the
background object is moving by using the pixel ﬁalue of a

25 pixel located corresponding to the amount of movement v of




4. F V (16) As a result, 0 can be expressed by equat i 2/ 4 (17)
10 In general, as shown. by equation (15), given that ?ﬂDé&%%¥%§§§En
conponents related to the m xed area are equal, equation (18) holds true
. with respect to all pixels in the mxed area on the basis of the internal
ratio relationship: (3=1-a (18 ) 15 If equation (18) holds true, equation
(11) can be expanded as shown by equation (19): C= cTP+f 7+V-1 Fily (19)
Simlarly, if equation (18) holds true, equation (12) can be expanded as
shown by equation (20): 22 Decenber 2095-- 125 C= ct-N+ T4- V-1
=a-N+(2-[,")-)Fily ==r (20) In equations (19) and (20), C, N, and P are
known values and the mxed ratio a is the only variable included in

equatiogﬁ gbkaggﬁg§0) Ilhgsrglgtlggﬁgeg aggggegémgleS ggd P |n5%quat|ons

(19) an owmn inF
that the amount of movement v of the object corresponding to

the background is 2, and the number of virtuai ézﬁided‘
portions is 2. In this case, when the object corresponding
.5 to the background is moving to the right in Fig. 49, the
pixel value B of the pixel in the background area in
equation (10) is represented by a pixel value P0O4.
Since equations (11) and (12)‘each contain two
variables, the mixture ratio o cannot be determined without
}510 modifying the equations. -Since the spatial correlation in
an image is géneral@y strong, neighboring pixels are of
substantially the same pixel value. |
Since the spatial correlation of foreground components
is strong, the equation is transformed so that the sum £ of
15 the foreground components can be obtained from the.previous
or subsequent frame and copputes the mixture ratio a.

The‘pixel value Mc of the seventh pixel from the left

in frame #n of Fig. 58 can be expressed by equation (13):

Mc= (13)

i=11

20 where 2/v of the first term of the right side of
egquation (lQi cogfesponds to the mixture ratio o. ' The
second term of the right side of equation (13) isrexpresséd
by equation (14) using a pixel value in the subsequent frame

#n+1:



the pixel value of the designated pixel in frame #n, for which the m xture

ratio ais to be conmputed. Nis the pixel value of the pixe

ﬁ%frane'
#n+l, whose position in the spatial direction corresponds to € PEBfm&he
designated 10 pixel. P is the pixel value of the pixel in frame #n-1,

whose position in the spatial direction corresponds to that -of t

he

desi gnated pixel. Since one variable is included in each of equations (19)
and (20), the mixture ratio a can be conputed by 15 utilizing the pixel
val ues of the pixels in the three frapgs- The condition for conputing the
correct mxture ratio a by solving equations (19) and (20) is that the

foreground conponents related to the nixed area are equal. In other words,
in a foreground i obj ect of an inmage captured 20 when a foreground

obj ect fﬁidvi:eﬂﬁ Fgppsecutive pixels (the nunber of (pfjxels is twice the
anount .&#Inovenenti whi ch correspond to a direction in which the

foreground 126 object is nmoving and which are |ocated at the boundary of

the image objgcge e CONSLAN ol Xelo VAL YE: A5, ol polips Oy AROYS NS he

m xture ratio a fora pixel belonging tot

conput edoﬁyoﬁeﬁagatéeaaézéh (89 hheqwi xtyee ratio a for a pixel
to the uncovered background area is conputed by equation (22) :
/ (P-N) CC= R EE=F04NE@)=FPYIF09=F10=F11=F12 (15)
5 Equation (14) can be replaced by equation (16) by
utilizing equation {15):
i2
Fily=2
ig; Vv
. _B- (16)
1 ,
As a result, B can be expressed by eguation (17):
B=2/4 _ (17)
10 In general, as shown by equation (15), given that the

foreground components related to the mixed area are equal,

'equation (18} holds true with respect to all pixels in the

e covered ckgrou area is

bel ongi ng
= (CN

mixed area on the basis of the internal ratio relationship:

- P=1-a (18)
i5 If équation (18) holds true, .equation (11) can be

- expanded as shown by egquation (19):

C=a-P+f
TV--1

=@-P+(l-@)- 2 Filv |
—@-P+(I-a)-N B (9)

Similarly, if equation (18) holds true, equation {12)

can be expanded as shown by equation {20):




t

(22) Fig. 60 is a block diagramillustrating the configuration of the
estimated-m xture-rati o processor 401. A frame menor wo4dkehibar 8§05N | Nput
image in units of frames and supplies one frame subsequent to a franme
input as an input inmage to a frame nenory 422 and a m xture-ratio 15
cal cul ator 423. The frame nenory 422 stores the input inmage in units of
frames and supplies one frame subsequent to the frame supplied fromthe
frame nmenory 421 to the mixture-ratio calculator 423. .20 Wen frane #n}1
is input as the input inmage to the WXture-ratio calculator 423, the frane
menory 421 supplies frame #n to the m xture-ratio cal culator 423, and the
frame nenory 422 supplies frame #n-1 to the mxture-ratio cal cul ator 423
25 The @ixtgreyralfi o cal culator 423 cal culates. equation 22 Decenber 2005 -
127 (21) to conmpute an estimated m xture ratio for- the designated pixe

on the basi £t o] ngJ |,ue C of the designated pixel in frame #n, the
pi xel valT Nﬁ%f*?ﬁ@!%fﬂ ¥§'H frame #n+1, whose spatial position :

corresponds to that of 5 fhe designated pixel, and the:pixel value P of the
pi xel in =f@aMé #f1x)Mse spatial position correspond2@}o that of the
desi gnat ed pi xel, and outputs the conputed estimated m xture ratio. For
exanpl e, when the background is stationary, the m xture-ratio cal cul ator
423 conput ednggquations (19) and (20), C, N, and P are known
values, and the mixed ratio a is the only wvariable included
in equations (19i-and {20). The relati&nship among C, N,
5 and P in equations (19) and (20) is shown in Fig. 59. C is
the pixel value of the designated pixel in frame #n, for
which the mixture ratio o is to be cémpdted. N is the pixel
value of the pixel in frame #n+l, whose position in the
spatial direction corresponds to that of the designated
10 pixel. P is the pixel value of the pixel in frame #n-1,
whose position in the spatial direction corresponds to that
of the designated pixel.
Since one variable is included in each of equations
(19) and (20), the mixturefratio o can be computed by
15 utilizing the pixel values of the pixels in the three frames.
The condition for computing the correct mixture ratio a by
solving equations (19) and (20} is that the foreground
-components related to the mixed area are equal. In other
words, in a foreéiound image object of an image captured
20 when a foréground object is stationéry, conseéutive pixels

(the number of pixels is twice the amount of movement v)

which correspond to a direction in which the foreground




10 estinmated m xture ratio for the designated pixel on the basis of the

pi xel value C of the designated pixel in frame #n, the pixel value N of

the pixel in frame #n+l, whose position in the frame is the samg AaSEChmts

of the designated pixel, and the pixel value P of. the pixel in frame
#n-1, 15 whose position in the frame is the sane-as that of the designated
pi xel , and outputs the conputed estimated m xture ratio. In this manner,
the estimated-m xture-ratio processor 401 is able to calculate the
estimated mixture ratio based 20 omjhe input inmege, and supplies it to
the m xture-ratio determ ning portion 403. Since the

estimated-m xture-ratio processor 402 is- simlar to the

estimated-m xture-rati o processor 401 except for the fact that the

esti mat 88IFCkt dFeMPHENE prdcEBieh apa %C%gfﬁfém%u@%e erRiarddRY (2) to
conput e bhe,estinated m xture Y.~ T2 DEC 2005 - 128 ratio for the

desi gnat8§ pl'REF RReFEhsheRe RsEPRatRBT wi¥et ¥3 4% 0 processor 402
cal cul at es egquatj on é 0 conpuyte the estimated mxtute ratio for the

22) t
desi gnat ed, pixet* SCHEHEE A PIT o theH et % Bttt &0 B FiH P | | ustrates
| f. tiymated m ti | culated by th
ot mmt Ba AR Bl ER B GFutEad dhenafott sy | Pttt ¥ rati o shown
ST e SUIT t e
whi ch’; pERakiOhCRoEE, A0S LASUnixOlr@ FFE I AL EIPEE BaPlELhDS, 11

to the uncovered background area is computed by equation

{22) :
o= (C-N) / (P—N) (21)
a=(C-P) / (N-P) (22)
;5 10 Fig. 60 is a block diagram illustrating the
1

configuration of the estimated-mixture-ratio processor 401.
A frame memory 421 stores an input image in units of frames
and supplies oné frame subsequent to alframe input as an
input image to a frame memory 422 and a mixture-ratio

15 calculator 423.

The frame memory 422 stores the input image in units of
frames and supplies one fr;me subsequent to the frame
Supplied from the frame memory 421 to the mixture-ratio
calculator 423.

20 When frame #n+1 is input as the input.image to the
mixture-ratio calculator 423, the frame memory 421 supplies
- frame #n td fhe ;ixture—ratio calculator 423, and the frame
memory 422 supplies frame #n-1 to the mixture-ratio

calculator 423.

25 The mixture-ratio calculator 423 calculatesfequation




f , 10 object noving at a constant speed is 11 . p ks ﬁed:ehg,e&@ogshows t hat
the estimated mixture ratio changes substantially linearly in the m xed
area. Referring back to Fig. 54, the m xture-ratio determ ning portion 403
sets the mxture ratio a based on 15 the area information supplied from
the area specifying unit 103 and indicating to which of the foreground
area, the background area, the covered background area, or the uncovered
background area the pixel for which the mxture ratio.a is to be

cal cul at ed bel ongs. The mi xture-rati®220 determining portion 403 sets the
m xture ratio a to O when the correspondi ng pi xel belongs to the
foreground area, and sets the mxture ratio a to 1 when the correspondi ng
pi xel hebpngs tomplhee baekas oumg:ad erix e theisorsespaading pixel

bel ongs to the covered background area, the mxture 25 ratio determ ning
porti ondd83gsetsd thexebtomatied wh xisrer 2ehdeseaberv2006 ¢ 32 fheratio
supplied fromthe estinmated-m xture-rati o processor . 401 as the m xture
rati o ade¥hematdd pixersponthiage pkxel the Uoibel omgsuéonthe theopekel
background area, the mxture-ratio determning portion 403 sets the

est i mat &d fﬁfa(rt’t@lr@wht iwhosupypaeth ¥ rprs 1 hieoeste ma gponilxt to ethati of
procsessor 402 as

the designated pixel, and the pixel value P of the pixel in
frame fn-1, whose spatial position corresponds to that of
the designated pixel, and outputs the computed estimated

mixture ratio. For example, when the background is

stationary, the mixture-ratio calculator 423 computes an

,‘ﬂle estimated mixture ratio for the designated pixel on the

basis of the pixel value C of the designated pixel in frame.
#fn, the pixel value N of the pixel in frame #n+l, whose
position in the frame is the same as that of the designated
pixel, and the pixel value P of the pixel in frame #n-1,

15 whose position in the frame is the same as that of the
designated pixel, and outpuﬁs the computed estimated mixture
'ratiQ, |

In this manner, the estimated-mixture-ratio pfocessor
401 is able ﬁo calculate the estimated mixture ratio based

20 on the input image, andrsupplies it to the mixture—fatio
determining ﬁortion 403.

Since tﬁe eé%imated—mixture-ratio processor 402 is -
similar to the estimated-mixture-ratio processor'401.except
for the fact that the estimated-mixture-ratio processor 401

25 calculates equation (21) to compute the estimated mixture



the mixture ratio a. The mixture-ratio determ ning portion 403 outputs the

m xture ratio a which has been set based on the area information. Fig. 62
is a block diagramillustrating another ?10 . configuration of téhe pec 2008

m xture-ratio calculator 104. A j1 selector 441 supplies a pixel bel onging
to the covered background area and the correspondi ng pixels in the previous
frame and the subsequent frame to an estinmated-m xture-ratio processor 442

~based on the area information supplied from the area specifying unit 103.

The sel ector 441 supplies a pixel-belonging to the uncovered background
area and the corresponding pixels in the previous frane and the
. subsequent frane to an estinated- nixture--ratio processor 443 based on

the areg ng%ggt£85 éUQE|Ie fron1%£ gotﬁgegé{ ¢£@E&n|t 103. The

esti mat 64 Ure-ratio processay Tat es equati on (21) based on

the pi Xﬁhxseakgeﬁawﬁ%ré&gggwez; dfe&%}@i mﬁ451 Squsomut pan esti i od

m xture ratro for t desi gnat ed pi xe ich ongs .o the covered

backgr oupgl,2p-akRa eé'ﬂ%ﬁ'ﬂ@&' hﬁtﬁb@ ¢QRRpUL %@rescftﬂe”%te%@cg%'aﬁe!df%l&%ﬁ' 0toa
2.2 DECQOOE 130 selector 444. The estimted-m xture-rati o processor 443

cal cul aheges8gUption {Berebased anitheapi xel values input fromthe sel ector
441 to conpute an estinmated m xture ratio for the 5 designated , pixe
whi ch bel ongsig 0 ¢hei uncovel sk BACky=041E of an estimated mifture
ratio calculated by the estimated—mixture-ratio processor
401. The estimated mixture ratio shown iﬁ Fig. 61 indicates
the result of a case, with respect to one line, in which the
amount of movement v in the foreground corresponding to an
13 object moving at a constant speed is 11.
Fig. 55 shows that the estimated mixture ratio changes
substantially linearly in the mixed area.
Referring back to Fig. 54, the mikture—ratio
determining portion 403 sets the mixture ratio'a based on
15 the area infﬁrmation supplied frﬁm the area specifying unit
103 and indicating to which of the foreground area, the
background area, the coveréd background drea, or the
uncovered background area the pixel for which the mixture
ratio « is to be calculated belongs. The mixture-ratio
20 determining portion 403‘set$ the mixture ratio o to.O when
the corresponding pixel belongs to the foreground area, and '
"sets the mixfurepgatio o to 1 when the corresponding pixgl
belongs to the background aréa. When the cofresponding

pixel belongs to the covered background area, the mixture-

25 ratio determining portion 403 sets the estimated mixture




area, and supplies the calculated estimated m xture ratio to the selector
444. Based on the area information supplied fromthe 2 Baceritg@obyi Ng unit
103, the selector 444 sets the mxture ratio a to O when the-designated

pi xel belongs to the foreground area, and sets the m xture ratio ato 1
when the designated pi xel belongs to the background area. Wen .t he

desi gnated pixel belongs to the covered background area, the selector 444
selects the estinmated m xture ratio supplied fromthe 15 :
estimat ed-m xture-ratio processor 44Z%nd sets it as thé mixture ratio a.
When the designated pixel belongs to the uncovered background area, the
sel ector 44.4 selects the estimated m xture ratio supplied fromthe

esti matede 16 Xuper i At DD HOEe T3 it AN S8he 1ra A% e ddsddire ratio a.
The 20 selector 444 then outputs the m xture ratio a which has been

sel ect eth gk sgte baisadh@n e Aea IWHQ! NBid br RS pdinsaUss gd xa@ove, the
m xture-ratio calculator 104 .configured as shown in Fig. 62 is able to

cal cul ateldrites 6 Xthe ecatvieredl eickepeiupi xalesGonhal Redturd-hedimge, and
25 outputs the calculated mxture ratio cx_ 22 Decenber 2005 - 131 The
cal cul aletorrmpinmoioes giang: ifoor 40k3e sribet Whee reattimatedp evitanimed dayt ifche
m xture-ratio cal culator 104 configured as shown in Fig. 54 is discussed
bel w wunplisfdeigirce the st ifladwchanix tofreFirgt 163 priocestsep 3481 ast he
m xture-ratio calculator 104 obtains. area information supplied fromthe
area spdtd MAXiROMinati@gs o.| n Threpis40ze-toad ios derrgredning portion
403 outputs the mixture ratio o which has been set based on
the area information.
Fig. 62 is a block diagram illustrating another
) 510 . configuration of the mixture-ratio calculator 104. A
dpp - 4 .
v . . .
selector 441 supplies a pixel belonging to the covered
background area and the corresponding pixels in the previous
frame and the subsequent frame to an estimated-mixture-ratio
processor 442 based on the area information supplied from
15 the area specifying unit 103. The selector 441 supplies a
pixel belonging to the uncovered background area and the
correSponding pixels in the previous frame and the
.subsequent frame to an estimated-mixture~ratio processor 443
based on the area information supplied from the area
20 specifying unit 103.
The estimated-mixture-ratio processor 442 calculates
equation (21) based on the~pixel values input from the
selector 441 to compute an estimated mixture ratio for the

designated pixel, which belongs to the covered background

25 area, and supplies the computed estimated mixture ratio to a




m xture-ratio processor 401 executes the processing for estimating the
m xture ratio by using a nodel corresponding to a covered background area,
and supplies the estimated mixture ratio to the mxture-ratio gﬁiﬁﬁéﬁzﬁdsng
portion 403. Details of the processing for estimating the mxtdre ratio
are discussed below with reference to the flowhart of Fig. 64_ In step
S403, the estimated-m xture-rati o processor 402 15 executes the processing
for estinmating the mixture ratio by wusing a nodel corresponding to an
uncover ed background area, and supgo es the estimated m xture ratio to the
m xture ratio determning portion 403. In step 5404, the m xture-ratio
cal cul ator 104 20 determ nes whether the m xture ratios have been esti mated
for the: f . If it is determned that the m xture ratios have not
yet bgg%ﬂ%scﬁﬁa‘%gefor the whole frane, the. process returns to step S402,
and the pr SSi r..estimating,the mxture rati,o for_ the subsequent
pi xel Is 2 %x%@ﬁ?g%?eg %§%Eg2505gt}01§focFFSPf ?éBdgﬁéf%ﬁﬁgﬁsin step $S404
that e8!l & 2)al-0e e ditehisahl MAleld Andfie s §d ame. the

p 0 p , e iy

process  proceeds to ste F'n ste ure=ratio

det er I ROM4100 APRn3RiS the Jihilied i Based an, the: 5%@ ea
i nformati-on supplied from.the area specifying unit 103 and indicating to
~which dﬁ‘sﬂdgﬁﬁe@{ egxeuUNd «iiR% HNSMACKY auRd HRAse i HeRMeefhinkackgr ound
area, or the _

area, and supplies the calculated estimated mixture ratio to

the selector 444.
Based on the area information supplied from the area
specifying unit 103, the selector 444 sets the mixture ratio

3#0 o to 0 when the 'designated pixel belongs to the foreground

e
—

area, and sets the mixture ratio o to 1 when the designated
pixel belongs to the backgroﬁnd area. When the designated
pixel belongs to the covered background area, the'selecfbr
444 selects the estimated mixture ratioc supplied from the

15  estimated-mixture-ratio processor 442 and sets it as the _
mixture ratio o. When the‘dgsignated pixel belongslto theA
uncbvared background area, the selector 444 selects the
estimatedlmixture ratio supplied from the estimated-mixture-
ratio processor 443 and sets it as the mixture ratio.a. Tﬁe

20 selector 444 then outputs the mixfure ratio a which has been
selected and set based on the area information.

As discussed above, the mixture-ratio calculator 104

.configured as shown in Fig. 62 is able to calculate the
mixture ratio a for each pixel contained in the image, and

_25 outputs the calculated mixture ratio o.




“uncover ed background area the pixel for which the mixture ratio a is to be

cal cul at ed bel ongs- The m xture---ratio determ ning ! ts the
mxture ratio @ to O when the correspondi ng pixel %%%%@t{é@%?tﬁfé
foreground area, and sets the mixture ratio a to i when the correspondi ng
pi xel -~ belongs to the background area. Wen the corresponding pixel

bel ongs to the covered background area, the m xture- ratio determ ning

. portion 403 sets the estinmated m xture ratio supplied fromthe

estimated-m xture-ratio processor #9il -as the mxture ratio a. Wen the
correspondi ng pi xel belongs to the uncovered background area, the

m xture-ratio determning portion 403 sets the estimted mxture ratio 20
supplied fg0 st.i.mat ed- m xt ure-rati rocessor 402 as the m xture
ratio a_ _eénpérgofceusels%tnlgoq $hen Sclonrﬁ)ltggtre&lpe. Kklxdiusrceusrfeztd_oa%ve, the

M Xt U8z £8EOA OB CUhA! Rl 0o | ot P01 St QoA S A2 LiE e Falio &

whi ch I ndi cat es eat’ur e qua y corresponding to each pixe based on

t he 25naLga;4 i O S i r h i fyi.n it 103, 22
Do BAGHB oL 24 T84 Ol SHpOluE0ed "I b e R A OPBRLIdEE UL 1O b ng
the NMEX6WERaFBLSP BigPesd Or MEd Dyedt _h§4clsli Xt e-falio-cal oy ator 104

configured as shown 1n Fig. 62 is simlar to that discussed wth reference

55t 0 ¢akchlovenards adbH ths B8re2Nth AP A AU 11er £ m 1 he t hus omi tted.

A description is now given, with reference to the flowchart of Fig_ 64, of
the nx¢arspealfpimptu®d iTW3. In step S402, the estimated-

mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding

to a covered background area, and supplies the estimated

.10  mixture ratio to the mixture-ratio determining portion 403.

Details of the processing for estimating the mixture ratio

are discussed below with reference to the flowchart of Fig.

64.

.In step 5403, the estimated-mixture-ratio processor 402

i5 _executes the processing for eéstimating the mixture ratioc by

using a model corresponding to an uncovered background area,

éndAsupplies the estimated mixture ratio!to the mixture-

ratio detetmining‘portion 403.

In step S404, the mixture-ratio calculator 104

20 determines whether the mixture ratios have been estimated

for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the.
process returns to step S402, and the processing for
estimating the mixture ratio for the subsequent pixel is.

25 executed.



processi ng by using a nodel
of Fig 63 0 . . In step S421, the mixture-ratio cal cul ator 423 §3 BEGFHBL he
val ue C of the designated. pixel in frame #n from the frane nenory

of the covered background area 1 in step

pi xel

421. In step S422, the mixture-ratio calculator 423 obtains the pixel
value P of the pixel in frame #n-1,.which corresponds to the designated
pi xel, fromthe franme nenory 422. In step S423,.the mxture-ratio

cal cul ator 423 obtains the pixel value N of the pixel in frame #n+l,
20 corresponds to the designated_pijxel _i ncluded in the input
the m xture-ratio calculator 423 cal cul ates an estimated m xture
rati o based on the pixel value C of the designated pixel in frame #n,
P.of the Rlxel i.n frame #n-1, and the pixel value N of the -
lPﬁdsﬂep5§3?554pﬁetﬁﬁ%tGP@ pa¥tyreal cul ator 423

ether the rqce55| for _cal culati estimated m xture ratios
e éQ%QH=§W %% méﬁ“ﬁﬁﬁPcFﬁé processi ng

step S424,

pi xel

134 plxel%lefréﬁedﬁﬁﬁF

det

ermq:

in the entlT e Tramsas &ﬁﬁmﬁﬁs

I mage.

val u

for C%fd%eaédg‘gco sttle%atsglq}s. In step S405, the mlxture ratlo

15

20

25

determining portion 403 sets the mixture ratio based on the
area information supplied from the area specifying unit 103
and indicating to which of the fereground area, the |
background area, the covered background aﬁea, or the
uncovered background area the pixel for which the mixture
ratic o is to be calculated belongs. The mixture~ratio
determining portion 403 sets the mixture ratio & to 0 when
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio o eo 1 when the corresponding pixel
belongs to the background area. When‘the corresponding
pixel belongs to the covered background area, the mixture—
ratio determiniﬁg portion 403 sets the estimated mixture
ratio supplied from the estimated-mixture-ratio processor
401 as the mixturerratiora."When the corresponding pixel
belongs to the uncovered background area, the mikturewratio
determining portion 403 sets the estimated mixture ratio

supplied from the estimated-mixture-ratio processor 402 as

- the mixture ratio . The processing is then completed.

As discussed above, the mixture-ratio calculator 104 is

able to calculate the mixture ratio o, which indicates a

feature quantity corresponding to each pixel, based on the

area information supplied from the area specifying unit 103,



mixture ratios in the entire frame is not corrpl eted, th*@ecégﬁ%(;gggyeturns
to step S421 and repeats the processing for calculating an estimated

m xture ratio for the subsequent pixel. If it is determned in step S425
that the processing for calculating estimated m xture ratios in the entire
frame is conpleted, the processing is term nated. As discussed above, the
estimated-m xture-ratio processor 401 is able to calculate the estinated

m xture ratio based on the input inage The mi xture-ratio estinmating
processing by using a nodel correslpbhding to the uncovered background area
in step 5403 of Fig. 63 is simlar to the processing indicated by the
flowhart of Fig. 64 by using. the equations 20 corresponding to a nodel of
the ucovenedi BaeKof [9&5@ area, and an-explanation thereof is thus onmtted.
Since the estimated-m Xture-ratio processor 442 and the

esti mat ed-THeX {gHR-e/sREiINGy FHARC RS 14A3 @M inl} Ftidhe @A tRYY foorm the
processing simlar to that shown by the 25 flowhart. of,.Fig. 64to calcul ate

esti npdethmhed W 104 i 0Bx t we-Deserdefa 0B tod 3504 dasef iqiiansad hereof are
omtted. The enbodi ment has been described, assuming that the object

cor r estpomdi g K0yt he2 hiae kgimoilngr 150 stted ¢ aiad yus Haevierh tdeewhavwe- descri bed
processing for calculating the 5 mxture-ratio a can be applied even if
t Re itmgene flowchart of Fig. 63, and an explanation thereof is

thus omitted.

A description is now given, with reference to the
flowchart of Fig. 64, of the mixture—ratio estimating
progessing by using a model of the covered background area

{,1_‘6 in step S402 of Fig. 63.

In step 5421, the mixture-ratio calculator 423 obtains
the pixel value C of the designated pixel in frame #n from
the frame memory 421. |

In step 8422, the mixturevratio calculator 423 obtains -

15 the pixel value P of the pixel in frame #n-1, which
corresponds to the designateq:pixel, from the frame memory
422 | |

In stép 5423, the mixture-ratio calculator 423 obtains

the pixel value N of the pixel in frame #n+l, which
20 corresponds to the designated pixel included'in the input
image.

In step 5424, the mixture-ratio caiéulator 4273

- calculates ah_estimated mixture ratio based on the pixel
value C of the designated pixel in frame #n, the pixel value

25 P of the pixel in frame #n-1, and the pixel value N of the




e

correspondi ng to the background area contains notion. For exanple, if the
i mage corresponding to the background area is uniformy noving, Zh&EC 2005
estimated-m xture-ratio processor 401 shifts the overall image in
accordance with the background notion, and performnms processing in a nmanner
simlar to the case in which the object corresponding to the background is
stationary. |If the inmage corresponding to the background area contains

|l ocal ly different background notions, the estimted-m xture-ratio
processor 401 selects 15 the pixel g3gorresponding to the background notions
as the pixels belonging to-the m xed area, and executes the above-
described processing. The m xture-ratio calculator 104 may execute the

nlxture rg%lo ﬁ§$|nat proce53|ng on all the pixels only 20 by using a
nodel ot ‘tthe covered background area, and outputs t he
e rati In this case,

cal cul at ed estlnat qz ture ra%lo as he m Lur

t he. mi xt ur 8°r A6 § |hd|§3t@§x RE“r &E 600Fa§ %Egﬁg and conmponent's for
th ' di cat th
raflo 0 fﬁ%q¥o?3§?%%h 5%%% ne%%%%g‘gﬁthe %%Qg %EEEEGO%gtaﬁgge%p:iglgs ©
bel ongingr e: L ncavered Rackeound.@r 93 CoRgeLaLag the Rixgls bel onging

to the uncovere ackgroun area, the absolute value of the erence.
bet et tdigni e GHaAt &GN il G ANdul ak§ ngebeiiiagdy and the 5

-cal cul ated absolute value'is set as the mxture ratio oc Then, the

separ il tgROadtd Ol nl $hable@ tlid deteid 18 hd® completed, the
process returns to step S421 and repeats the processing for
caleculating an estimated mixture ratio for the subsequent
pixel.

@eo ' If it is determined in step S425 that the processing
for calculating estimated mixture ratios in the entire frame
is completed, the processing is terminated.

As discussed above, the estimated—mixture—ratio
processor 401 is able to_calculate the estimated miiture

15 ratio based on the input image.

The mixturefratio estimating processingAby using a
model corresponding to the ﬁﬁcévered backgroﬁnd area in step
5403 of fig. 63 is similar to the processing indicated by .
the flowchart of Fig. 64 by using the equatibns

20 CorreSponding to a model of the uncovereq'backgrOUnd aréa,
and an -explanation thereof is thus omitted. |

Since the estimated-mixture-ratio processor_442 aﬁd the
estimated-mixture-ratio processor 443 shown in Fig. 62
perform the processing similar to that shown by the

25 flowchart of Fig. 64 to calculate -estimated mixture ratios,
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mxture ratio (X indicating the ratio of the backgrountpe&hgeerents for the
pi xel s bel onging to the uncovered background area.- Simlarly, the

m xture-ratio.processor 104 nmay execute the mxture-ratio estimating
processing on all the pixels only by using a nodel corresponding to the
uncovered background area, and outputs the cal cul ated estimated m xture
ratio as the mxture ratio (X. 15 The m xture-ratio cal cul ator 104 for
calculating the ..mxture ratio a using the characteristic that the

m xture ratio a changes linearly W$l-now be described. As descri bed
above, since equations-(11) and (12) each contain two variables, the

-m xture ratio (x cannot be 20 determ ned without nodifying the equations_

The hhxtUEenEabih9 @h%igﬁgréyec ﬂggg in accordance with a cha.n'ge in the
position' of the pixels because the object correspbnding to the foreground

| S noving wid NeRenstadte Wl ORldy e tihdd 210G 1 S characteListic, an

equation in 25. which the mxture ratio a and the sum f..of the foreground

22 Despybet 208Besporddily €9MPRNERLSKGFSuARPE 9Xk FRLegnk Pyt he spati al
direction can hold.true. By utilizing a plurality of sets of the pixel

val uesowévehe phxedisobelddgtNhé® phecakxegarea aadctihgtphyetnyal ues of
t he pi xels belonging to the background area, 5 the equation in which the

mSXt umextateorat amox tden shun dpplfiédeeforeground taagenents. are approxi mated
is solved. Wien a change in the mxtur-e ratio a is approxi mated as
. corresponding to the background area contains motion. For
example, if the image corresponding to the background area
Lis unifgrmly moving, the estimated-mixture-ratio processor
7401 shifts the overall image in accordance with the
-%% background motion, and performs processing in a manner
similar to the éase in which the object corresponding to the
background ;s stationary. If the image corresponding to the

background area contains locally different background

‘motions, the estimated-mixture-ratio processor 401 selects

.15 -the pixels corresponding to the background motions as the

- pixels belonging to the mixed area, and executes the above-
-déséribed processing.
The mixture—ratio_calculétor 104 may execute the
mixture-ratio estimating processing on all the pixels only
20 by‘using a model corresponding to the covered background
area, and outputs the calculated estimated mixturé ratio as
thelmixture ratio a. In‘thié case, thelmikture ratio «
indicates the ratio of the background components for the
pixels bélonging to the covered background area, and

25 indicates the ratio of the foreground components for the




a straight line, the mxture ratio a can be expressed by equation (23).
110 a ='il+p (23) In equation (23), i indicates the spati al ind&}y?evmen
the position of the designated pixel is set to 0, 1 designates ¢ BEC 2005
gradient of the straight line of the mxture ratio a, and p designates the
intercept of the straight line 15. of the mxture ratio a and al so
indicates. the mxture ratio a of the designated pixel- In equation (23),
the index i is known, and the gradient 1 and the intercept'p are unknown.
The rel ationship among the indexi, the gradient 1, and the intercept.p is
shown in Fig. 65. In Fig. 65, thé WHiet & 20 dot indicates the desi gnat ed
pi xel , and the bl ack dots "indicate neighboring pixels. By approximting
the m xture ratio a as equation (23)-, a plurality of different m xture
rati opixdlor belphngrialg tty athe pinceleeah ekepdquassed-dy. two variables- In
the exanple. 25 shown in' Fig. 65, the five mxture ratios for five pixels
21 2 DEOEOENB&hears x@dpr éssethdiyng e thie vardcatdres] .Hackgrduret gradi ent 1
and the intercept p. Wen the mxture ratio a is-approXimted in the plane
di r ectBXSifs, tihee abspiatisorviademt @lf dibeediifdieremd < fetverdr gdle direction of
the image, and the mxture ratio a can be
calculated mixture ratio @ and 1 is determined, and the
5 calculated absolute value is set as the mixture ratio a.
Then, the separating portion 91 is able to determine the
mixture ratio @ indicating the ratio of the background
components for the pixels belonging to the uncovered
background area.
“¥0 Similarly, the mixture-ratioc processor 104 may execute
the mixture-ratio estimating processing on all the pixels
‘only by using a model corresponding to the uncovered h
background area, and outputs the calculated estimated
mixture ratio as the mixture ratio .
i5 The mixture-ratio calculator 104 for calculating the
- mixture ratio o using the characteristic that the mixture
ratio a changes linearly will now be described.
As described above, since equations (11} and (12) each
containitwo variables, the mixture ratio o cannot be
20 determined without modifying the equations.
The mixture ratio « linearly changes in accordance with
a change in the position of the pixels because the object
corresponding to the fofegroﬁnd is moving with constant

velocity. By utilizing this characteristic, an equation in

25 which the mixture ratio a and the sum f of the foreground



expressed by equation (24). In Fig.-66, the white dot indicates the

desi gnated pixel a = jmrkg+p (24) In equation (24), j22Becetber ARRSK in the
hori zontal direction, and k is the index in the vertical. direction when
the position of the designated pixel is 0. In equation (24) m designates
the horizontal gradient of the mxture ratio a in the plane, and q
indicates the vertical gradient of the mxture ratio a in the plane. In
equation (24), p indicates shown in Fig. 66, equation (23) is expanded into
the plane 5 by considering the -rovement v corresponding to the two the
intercept of the mxture ratio a in the plane. For exanple, in frame #n
shown in Fig. 56, equations (25) through (27)can hold true for CO5 through

OO EIMEIRGEE S VEEL afRPoss 2 """?ﬁ?ﬁr’lv*%?ié%aﬁ%aﬁé'ﬁ%séﬁ%?%éér{ ?géé?. P
| 2005 -
<133gs%£>i&xtméy V%"NSIEEX :f Cat mrggyp gagh BN ehe %%XDﬁce er

I n equation fonn

di 1 eGHd Difes LS H1ep Y 15@:94..@&'ﬁglgﬂ&lwre&g{ah@ﬁl?xdf gre% ;ah fpgl (X (x)) Fe
(28) i.e., that FOI1 throu are equal, equation (2 hol ds 15
pixel values of thé pixels belonging to the background area,

5 the equation in which the mixture ratio o and the sum f of

the foreground components are approximated is.solved.
When a éhange in the mixture ratio « is approximated as
a straight line, the mixture ratio o can be expressed by
equation (23).
1@ o = iltp y (23)

% In equation (23), i indicates the spatial index when
the position of the designated pixel is set to 0, 1
designates the gradient of the straight line of the mixture
ratio «, and p designates the intercept of the straight line

i5 of.the mixture ratio « and also indicates the mixture ratio
o of the designated pixel. In equation (23), the index i is
kgown, and the gfadient 1 and the intercept p are unknown.
The félationship among the index i, the gradient 1, and
the intercgpt p is shown -in Fig. 65. 1In Fig. 65, the white
| 20 ‘dot indicates the designated pixel, and the black dots |
indicate neighboring pixels. |
By appréximating the mixture ratio a as-eqﬁation (23},
- a plurality of different mixture ratios a for a plurality 6f
pixels can be expressed by tﬁo variables. 1In the example

25 shown in Fig. 65, the five mixture ratios for five pixels
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When a(x) is replaced by equation (24.), equation (28) can be expressed by
equation (29). f (x) (1- (jmrkg+p)) Fc = j(-nkc)+k(-qFc)+((1--p)F2)DEE 2005
jstkt+u (29) In equation (29), (-nFc), (-gFc) and (1-p) Fc are replaced,
as expressed by equations (30) through (32), respectively. s -nFc (30) t
= -gFc (31) u = (1-p)Fc (32) In equation (29), j is the index in the

hori zontal direction,- and k is the index in the vertical direction when
the position of the designated pixel is 0 20 As discussed above, since it
can be assuned that the object. coijggsponding to the foreground is noving
with constant velocity within the shutter period, and that the foreground
conponents positioned in close proximty with each other are uniform _..th
sum of_the fore rougp conponents 25 can be approxi mated by equation (29).

2, 2 DEE 56068 <5 pHo PYwhER FH@_N?%?GPéeFatFoea'i§h§p§F69Fﬁ€Fég By*da strai ght
l'ine, .the .sum of the foreground conponents can be expressed by equation
(33) ;qu(%$£§§ﬁ%?$upc33) 5 By replacing the mxture ratjo a and the sum of

the When the mixture ratio o is approximated in fﬁe plane

shown in Fig. 66, equation (23) is expanded into the plane
5 Dby considering the movement v corresponding to the two
directions; i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio @« can be
expressed by equation (24). 1In Fig. 66, the white dot
indicates the designated pixel..
‘ﬁb a = jmtkg+p (24)
In equation (24),.j_is the index in the horizontal
direction, and k is the index in the vertical direction when
the position of the designated pixel is 0. In equation {24),
m designates the horizontal gradient pf the mixture ratio «
15 in the plane, and g indicates the vertical gradient of the
mixture ratio @ in the plane: In equation (24},-p indicates
the'intercept of the mixture‘ratio o in the plane.
For éxample, in frame #n shown in Fig. 56, equations
(25) through (27) can hold true for CO0S5 tﬁrough Cco7,
20 -respgctively.

Q0S5eBO5/v+£05. , (25)

c05 =
C06 = c06eBO6/v+i06 ' (26)
C07 = o07eBO7/v+r07 : (27)

Assuming that the foreground components positioned in

25 close proximity with each other are equal to each other,
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f oreground conponents in equation (13) by using equations (24) and (29),
the pixel value Mcan be expressed by equation (34).22NDecefrjberR0p5) B+
s+kt+u 0 = j Bm+kB' q+B+p+j s+k.t+u (34) In equation (34) , unknown

vari ables are six factors, such as the horizontal -gradient mof the

m xture ratio a in the plane, the vertical- gradient q of the mxture
ratio ain the plane, and the intercepts of the mxture ratio a in the 15
plane, p, s, t, and u_ According to the pixels.."in close proximty wth

t he designated pixel, the pixel valz3®e Mor the pixel value Bis set in the
nor mal equati on shown by equation (34). Then, a plurality of nornal
equations in which the pixel value Mor 20 the pixel value Bis set are

lved by t ._{hereb I [ t he m xt
ratic yﬁotr‘heexa% R el Fhebs TOOVELRR boll RGEA. pixel is
' set grqleo,bf%ﬁ ertéoclaltﬂrnod%lkag set _.to 0. Then, the pixel value M

%¥rra? equati on shown by equation

or the p1 X 9 &%t
34) f | mber 2005 - 1.41 MET - | = ) -

o for 3483 pixela @) Degerber 2005 - L1 (@) MT.tom DL -
A 5g;gqha@18npu@ﬂ>x, ?al@tes ittt S M G (G B0.0 - M (0)

5 spatial direction.
When a(x} is replaced by equation (24), equation (28)

can be expressed by equation (29).

f(x) = (1-(jmtkq+p) ) *Fc
= je(-meFc) +ke (-g#Fc) + ((1-p) *Fc)
16 = js+ktiu - (29)

In equation (29), (—meFc), (—geFc), and (l-p)eFc are

replaced, as expressed by equations (30) through (32},

respectively.
5 = —meFc . (30}
15 £ = —geFe | (31)
w = (1-p)eFc D . (32)

In equation (29), j is fhe index in the horizontal
direction, and k is the index in the vertical direction when
the position of the désignated pi#el is 0.

20 | ‘As discussed above, since it can be assumed that the
pbject corfesponding to the foreground is moving with
constant velocity within the shuttér periocd, and that the
foreground componénts positioned in close proximity with
~each other are uniform,ﬁ;pa sum of the fofeground components

25 can be approximated by equation (29).




(39) Mti,o= (+1) - B+l,0 - mt (0) - B+l,o - g+B+l,0 - p+ (+1) (0) - t+u
(40) M1,+i=(-1) m-(+l) . Bj,+ qg+B-1,+ - p+ (-1) - s+ (+Il) ,ztggc 2005 -
(41) Mo, +Hl=(O -Bo, +Hl-m+(+l) -Bo, +,-q+Bo, +l -p+(0O -s+(+I) -t+u | o€at

close to the designated pixel, thereby obtaining equations (35) through
(43). -B-i-,-,.-g+B-,,-I,p+(-1) -S+(-1) -t+u (35) 5 M, -j.=(0) - Bo,-I| -
m+ (-1) Bo,-, - g+Bo,-.L - p+ (O - s+ (-1) - t+u 20 (42) Mk, +i= (+1) -
B,j, +1 - m- (+ 1) - B+l, +1 * g+B+l, +1 - P+ (+l) + (+.1) - t +u (43)
Since the horizontal index j of thg [esignated pixel is 0, and the vertical
i ndex k of the designated pixel is 0, the mxture ratio a of the

desi gnated pixel is equal to-the value whenj is 0 and k is O in equation
(24), i.e-, the 25 mixture ratio a.is equalto the intercept p in equation
(24). 2 - FWEn fheordihyre, rBaded Yod sniappregiaeites by3s) sthedeyiv (43), i E

the horjzontal gradient m the vertical gradient- and the intercepts p, s,

t, and tPar tRAITH &fed sy fHeIRAHEH GIPAEAdts SHFamSs SXIPIIRE i nt er cept
pis Otl)J}tr pé"c&ua Sicgnhe(l}rg)%t ure ' : S
f(x}) = is+tu ' (33)
5 By replacing the mixture ratio o and the sum of the
foreground components in equation (13) by using equations
{(24) and (29), the pixel value M can be expreséed by
equation (34).

M

I

(Jmtkgtp) *B+js+kt+u

jBem+kBeg+Bepijes+ket+u (34)

.
[’
I

In equation (34}, unknown variables are six factors,
such as the horizontal gradient m of the mixture ratio o in
" the plane, the vertical gradient q of the mixture ratio a in
the plane, and the intercepts of the mixture ratio_a'in the
15 plane, p, s, t, and u.
According to the pixels in close proximity with the
designated pixél, the pixel value M or the pixel value B is
set in the normal equation shown by equation (34). Then, a
plurality of‘normal equations in which the pixel value:M or
20 the pixel value B is set are solved by the method of least
squares, thereby calculating the mixture ratio o. |
" For example, the horizontal index j of the designatéd
pixel is set to 0, and the vertical indek kK is set to 0.
Then, the pixel value M or the pixel value B is set in the

25 normal equation shown by equation (34) for 3%3 pixels



5 ratio a A specific process for calculating the mxture ratio a .by
appl ying the nethod of |east squares is as foll ows WizhDédemben@6®5 i and t he

index k are expressed by a single index x, the relationship anong the
index i, the 10 index k, and the index x can be expressed by equation (44)

= (j+1).3-i-(k+1) (44) It is now assuned that the horizontal gradient m
the wvertical gradient g, and the intercepts p, s, t, and u are expressed
by variables wo, W, w2, w3, w4, and -Ws, 15 respectively, and jB, kB, B, |,
k and 1 are expressed by-aOQ al, q%ﬁ'aB a4, and a5, respectively. In
consi deration of the error ex, equations (35) through (43) can.be nodified
into equation (45) 5 M -T X ay - w + ex Y=0 (45) 20' In equation (45),
X is any one of the integers fromO to 28~ Equation (46) can be found from
equat ilSIFY4BY) Fosex to Mae desdgnatgd Hkgl46) iR decantberi®ld - 143  Since

t he met hod of | east squares is applled t he
equations (35) through (43 '

._5‘__

Moy, g=(-1) - 331—1 m+(=1) -Bo1,-1-g+Boy -1 pt (- 1) S+( 1) t+u
_ (35)
5 Mp,-3=(0) “Bo,-1 m+ (-1) By, _i-g+Bg,_1"p+(0) s+ (~1) - t+u
(36)
Miz, 1= (+1) B4y 1 m+ (—1) "B, -7 qtBey —1pt (+1) 'S+(—-1) - t+u
| (37)
Mo1,0={~1} -B.g,o m+(0) *B_1 o' G+B.1 o p+ (~1) - s+ (0) - t+u
;,_g@ - | | I (38)
My, 0=(0}) By, o m+ (0) “Bg,o g+Bo,o p+(0) s+ (0) - t+u
_ (39)
Mer,0=(+1) *Ber, o m+(0) *Biy,0- gtBer, 0 p+ (+1) * 54 (0) ‘t+u
(40)
15 Moi 1= (=1) *Boy,sp-m+ (+1) By +1-g+BLy 1 p+ (1) -s+(+1) - t+u
| | (41)
Mo, +1=(0) *Bg, 41+ m+ (+1) 'Bu,}l'Ci+Bo,+1'p+(0),‘S+(+1) ‘ttu
(42)
M+1H¢=(+l)-B+L+1wn+(+1)-B+L+1-q+B+L+i'p+(+1)°s+(+1)-£+u.
'20 , _ ' (43)
Since the horizontal index j of the deéignated pixel is
0, and the vertical index k of the designated éiXel is 0,
the mixture ratio o of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (24), i.e., the

25 mixture ratio o is equal to the intercept p in equation (24).




square sum E of the error is defined as follows, as expressed by equation
(47). (47) x-O5 1In order to mnimze the error, the partial differential
val ue of the variable W with respect to the square sum E of t g2 &ECoRIb
should be 0. v is any one of the integers fromO to 5. Thus, w is ’

~determined so that equation (48) is satisfied. clE oex W 2 ex &V (48) .

x=0 By substituting equation (46) into equation (48), equation (49) is
obtained. (49) Eex' 82 Xex - av=08581 (av. | ay W) _Y, av M
X=0 Y=0 x=0 For exanple, the sweep-out nethod (Gauss-Jordan 15

-elimnation) is applied to six equatli4@ns obtai ned by substituting one of

the integers fromO to 5 into v in equation (49), thereby obtaining.w. As
stated above, WO is the horizontal gradient m wW is the 20

Accordingly, based on nine equations (35} through (43),
the horizontal gradient m, the vertical grag;entgg, and the
intercepts p, s, t, and u are calcuiated by the method of

_ least squares, and the intercept p is output as the mixture
5 ratio a.
A specific proceso for calculating the mixture ratio «
-by applying the method of least squares is as follows.
When the index i and the index k are expressed hy a

single index x, the relationship among the index i, the

jf*%i) index k, and the index x can be expressed by equation (44).

X = {j+1)e3+(k+1) {44)

It is now assumed that the horizontal gradient ﬁ, the
vertical gradient q, aﬁd the interceﬁts p, 8, t, and u are
expressed by variables w0, wil, w2, w3, w4, and W5,

15 respectively, and-jB, kB, B, j, k and 1 are expressed by a0,
al, a2, a3, a4, and a5, respectively.. In consideration of
the erro; ex, equations (35) through (43) can be modified

into equation (45) .

5
Mx = Ejay - Wy + ex | (45)
¥=0 : :
- 20 In equation (45), x is any one of the integers from 0
to 28

' Equation (46} can be found from equation (45).

5
ex = Mx — z:ay- wy {46)
. y=0 . )




——

is necessary to set normal equatio

[ TR

vertical gradient is the intercept p, wd is s, w4 éDec,%%eY"é0®§ u_ g, w2

As di scussed above, by applying the nethod of Ieast squares to the
equations in which the. pixel value Mand the 2~ 2 DEC 2005 - 144 pixel-
value B are set, the horizontal gradient m the vertical gradient ¢, and
the intercepts p, s, t, end u can be determ ned. A description has been

given with reference to 5-equations (35) through (43), by assunming that the

pi xel value of the pixel contained in the mxed area is-M and the pixel
val ue of the pixel contained in thﬁggquground area is B. In this case, it
for each of the cases where the

desi gnated pixel is 110 contained in the covered background area, or the
designated pixel is contained in the uncovered background area. For

exanpl e, wiemaehdbd xtatted atfi d'emsdf siguargisxels a@@nhamed:hen the covered
background area in frame #n shown in Fig_ 56 is'determned, CO4 through
C08 of SUMRL i e s i ot 154 r@x@#mfanizbﬁlh@qma@elfaﬂallmes, RO through P08 of
the pixels in frame ##n-1 are set in the normal eguati®ns. For determnning
the ni K¥RFeSTed iRY c@fatthrn pf4BI- contained in. the uncovered background
area in frame #n shown in Fig. 57, the pixels C28 through C32 of frane #n
and thg 2qué§el val ues N28 through N32 of the plxels(&p)frane ##n-1-1 are

x=0

5 In order to minimize the error, the partial
differential value of the variable Wv with respect to the
square sum E of the error should be 0. v is any one of the

integers from 0 to 5. Thus, wy is determined so that

b equation (48) is satisfied:

OFE 8 dex
oWv 2-2;ex " B
10 . ' (48)

=2 - Z:ex-av = 0
x=0

By substituting equation (46) into equation (48),

equation (49) is obtained.

B

5 g : ‘
Z(av-Zéy-Wy) =Zav<Mx | (49)

x=0 v =0 x=0

For éxample, the sweep-out method (GaﬁSSHJordan
15 elimination) is abplied to six equations obtained by
substituting one of the integers from 0 to 5 into v in
equation (49),.thereby obtaining wy. As stated ébove, w0 is
the horizontal gradient m, wl is the vertical gradient g, w2
is the intercept p, w3 is s, w4 is t, and QS is'u.
20 As discussed above, by applying the method of least

squares to the equations in which the pixel value M and the o ~

3
;
i
:
:«




set- in the normal equations. Moreover, if, for exanple, the mxture ratio a
of the pixel contained in the covered background area shown in ;E%#@'gﬁﬁis
cal cul ated, the followi ng equations (50) through (58) 25 are set¢ el
val ue of the pixel for which the m xture 22 Decenber 2005 - 145 ratioais
calculated is M5. In Fig. 67, the white dots indicate pixels to. belong to
t he background, and the black dots indicate pixels to belong to the m xed
area. Mcl =(-1) Bclam+ (-1) Bcleqg+Bcl p+ (-1) s+ (-1) t+u(50) 5M2 =(0)
Bc2m+ (-1) Bc2q+Bc2p+ (0) *s+ (-1) t+u(51) M3 =(+1) Bc3.m+ (-1) Bc3q+Bc3p+
(+1) s+ (-1) t+u(52) M4 =(-1.) Bedh#4(©) ' Bc4g+Bcdp+ (---1) s+ (0) t+u(53)
Mc5 =(0) Bcbmt+ (0) Bc5g+BcSp+ (O s+ (0) t+u(54) M6 =(+1) Bcbm+(O
Bc6g+Bc6p+ (+1) s+ (0) t+u(55) M7 =(--1) Bc7mt (+1) Bc7g+Bc7p+ (-1) s+

(+) t qgé@>v§$§e= OAPCBOEL L g§g§§§§83%g%§§g§&1&gg<é7>the

MeO( +1 ) BcOmt( Bc9g+Bco* p+(+ +u en cal cul ating the m.xture

ratio geskithe Bixglenton! abAglih thescoNBLEdobackorougsageq,dn Trane n,
e

the pixel values Bcl through Bc9 of the plxels’in the"background area in
frame Ba- deterfmegpqQnding to the pixels in franme #n are used in equations
(50) through (58)_ When, for exanple, the mxture ratio a of the pixel

cont ai ned i ddec iSOV ath DAkl Qpincbrareae s hawe ddhdd &0 67 20 is
cal cul ated, the follow ng equations (59) through (67) are set,_The pi xel

vallue effuahéopsx€B5f othwbiigh KEE)nimjuaﬁsuming that the pixel

value of the pixel contained in the mixed area is M, and the
pixel value of the pixel contained in the background area is
B.‘ In this casé,-it ié necessary to set normal equations
for each of the cases where the designated pixel is
10 contained in the covered background area, or the designated
" pixel is contained in the uncovered background area.

For exaﬁple, when the mixture ratio « of the pixel
contained in thé covered background area in frame #n shown
in Fig. 56 is determined, C04 through C08 of the pixels in

15 frame #n and the pixel values P04 through P08 of the pixels
in frame #n~1 are set in thé normal equations. |
For determining the mixture ratio @ of the pixel
contained in the uncpvered background area in frame #n shéwn
‘in Fig. 57, the pixels €28 through C32 of frame #n and the
20 pixel values N28 through-N32 of the pixels in frame #n+l are -
set in the normal equations. |
Moreover, if, for examﬁle, the mixture ratio o of the
pixel contained in the covered background area shown in Fig.
67 is calculated, the following equétions {50} thtpugh {58)

25 are set. The pixel value of the pixel for which the mixture




ratio a is calculated-is Mu5. Mul = (-1) Bul m+ (-1) Bul g+Bul p+ (-1) s+ (-1)
t+u (59) Mug _ (0) Bu2mt+ (--1) Bu2g+Bu2p+ (0) .s+ (-122 Decen{t@®p0025 Mu3 =
(+1) Bu3m+ (-1) Bu3q+Bu3p+ (+1) s+(-i) t+u (61) 22 DEC 2005 - 146 - Mi4
=(-1) Budm+ (0) Bu4qg+13udp+ (-1) s+ (0) t+u(62) Mu5 =(0) BuSm+ (0)-
Bu5g+Bu5p+ (0) s+ (0) t+u(63) M6 =(+1) Bubm+ (0) *Bu6q+Bubp+ (+1) s+ (0)
t+u((54) Mu7 = (-1)Bu7mt(+1) Bu7*q+Bu7p+(-1)s+(+1)t+u(65)

5Mu8( 0) Bu8mt( +I ) Bu8qg+. Bu8p+(0) *s+(+1) t +u(66) Mug =(+1) Bu9*m+ (+1)
Bu9*q+Bu9p+ (+1) s+ (+1) *t+u(67) When calculating the m xture ratio a of
the pixel contained in the uncoVéﬁEHibéckground area in frame #n, the

pi xel values Bul through Bu9 of the pixels of the background area in frane
#n+1 corresponding to the pixels of frame #n are used in equations (59)

t hr oughat63) o FsgcabBuistadbl ocMcsli agranrid] ust y atiagiie Lo i guration of -
the estimated-m xture-ratio processor 401. An image input into the ‘
est i neirdiogd ke upexebs i 0o frobasgoro 1hdMadlsysuppl | ethd athaddadlayeici rcuit 501
and an adder 502. The delay circuit 501 delays the input" i mage for one
frane,dahd tuppties pireisnye bolohme wadere 50xedNeered rane #n is supplied
as the input inmage to the adder 502, the delay circuit 501 supplies frane
#n-1 t¥cthe &GdbetBaEORt (20) ThelsqitRel S0 s t(hé) pixel val (5d)of the pi xel
adj_acent_to thefgéxel for which the m xture ratio a is. calculated, and

the pi%et ValYeBs2omdmd) ABCA* T HBEHP T Mmar (-1) et+u (51)
Mc3 = (+1)eBc3em+(-1)e*Bc3sg+Bc3ept(+1)es+(-1)et+u (52)
Mcd = (41)-Bc4-m+(0)th4-q+Bc4-p+(wl)-s+(0);t+u " (53)

Mc5 = (0)eBcSem+ (0) *BecSeq+BcSep+ (0) es+ (0) et+u (54).
Mcé6 = (+1) eBcéomt (0) *BcbegtBeoept (+1) es+ (0) et+u (55)
‘“-ﬁo Mc7 = (~1)eBc7em+(+1)eBc7eq+Bc7ep+ (—1)®s+ (+1)et+u (56)
McB = (0)eBc8em+ (+1) sBcBeq+Bc8ept (0) es+ (+1) st+u (57)
McO = (+1)eBcY9em+ (+1)eBcOeq+BcOep+ (+1)es+ (+1l)et+u (58)

When calculating the mixture ratio a of the pixel
contained in the covered background.area in frame #n, the
;5 pixel values Becl through Bc9 of the pixels in the background
area in frame #n-1 correspogding to the.pixels in frame #n
are used in equations (50) through (58).
Whed; for example, the mixture ratio o of the pixél
contained in fhe uncovered background area shown in Fig. 67
20 is calculated, the following eguations (59) through (67) afe
set. The pixel value of the pixel for which the mixture

ratio « is calculated is Mu5.

Mul = (-1)eBulem+ (—1)e*Buleg+Bulep+(-1)es+ (~1)et+u (59)
Mu2 = (0)-Bu2!m+(w1)°Bu20q+Bu2-p+(0)5s+(—l)°t+u (60)
25 - Mu3 = (+1)-Bu3'm+(—1)¢Bu30q+Bu30p+(+l)!sf{—l)°t+u {61)



equation. For exanple, the adder 502 sets the pixel values Mi through M9
and the pixel values Bcl through Bc9 in the 25 normal equations 3@@#00@%
equations (50) through (58), 22 Decenber 2005 - 147 respectivel e
adder 502 supplies the normal equations in which the pixel values are set
to a cal culator 503. Using the sweep-out nethod or the |ike, the cal cul ator
503 determ nes the estinmated m xture ratio by solving the nornmal equations
supplied fromthe adder 502, and outputs the determ ned estimted m xture
ratio. In this manner, the estinmated-m xture-ratio processor 401 is able
to calculate the estimated m xture Y& io based on the input inmage, and

“supplies it to the mxture-ratio ;0" determ ning portion 403. The

estimated-m xture-ratio processor 402 is configured simlar to the

esti mejgd- o {(Lyy@,ﬁla;nlkqopugﬁ@ ﬁ%uﬁ%(_alquarqme{%anatl ondnereof is thus

omtted. Fig. 69 illustrates an exanple of an estimated mXture 15 ratio

cal cul @hed=byp f i Raki(IREdS xéygepgm)lg+gchg$§or 401. [y estimated
m xture ratio shown in Fig. 69 indicates 'the cal cul atiFon result, with

respecmud;0=oneljdm-m@l@bahg@d.@mW@tl)ng@nqi.ga{lcul ati ngsgan equati onin
units of 7x7- pixel blocks in which the ambunt of notion v in the 20

- f or egridwhd= c O I eu0Rali- 1@ 1) ORu 29y LD BGI+ (A\ieRd (atll) ateQnst anggs)speed is 11.

Fig- 68 shows that the estimated m xture ratio changes substantially
| i Bearily8 in {(heBuSead (4l feBuBeg+Budep+ (0) *s+ (+1) et+u (66)

Mu9 = (+1)eBu%em+ (+1)eBu9eg+Bulep+ (+1)es+{+1)et+u (67}
When calculating the mixture ratio o of the pixel
contained in the uncovered background area in frame #n; the

pixel values Bul through Bu9 of the pixels of the background

'“ﬁo area in frame #n+l corresponding to the pixels of frame #n

are used in equations (59) through (67).
Fig. 68 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processo% 401.
An image inpuflinto the estimated-mixture-ratio proceséor
15 401 is supplied to a delay circuit 501 and an adder 502-.
- The delay circuit 501 délays the input image for one
frame, and supplieé the image to the adder 502. When frame
#n is Suﬁplied as the. input image to the adder 502, the
delay circuit SOi supplies frame #n-1 to the adder 502. .
2Q_ The adder 502 sets the pixel value of the pixel
adjacent to the pixel for which the mixture ratio o is
calculated; aﬁd the pixel value of framel#n—llin'the normal
equation. For example, the adder 502 sets the'pixél valﬁes
M¢1 through McS and the pixel values Bcl through Bc9 in the

25 normal equdtions based on equations (50) through (58),




A description is now given, with reference to the 25 flowhar Fig. 70,
of the mixture-ratio estimating 2, 2 DEC. 20 - 148 ?ﬁ"é%"e'@g?eﬁéoﬁé/ t he
estimated-m xture-ratio processor 401 having the configuration shown in
Fig. 68 by using a nodel of the covered background area. In step 5521, the
adder 502 sets the pixel value contained in the input inmage and the pixel
val ue contained in the image supplied fromthe delay circuit 501 in'a
normal equation corresponding to a nodel- of the covered background area.
In step 5522, the estimted-m xture-ratio processor 401 ', ~10 determ nes..
whet her the setting of the desi gn‘atle‘it? pixels is finished. If it is
deternmined that the setting of the designated pixels is not finished, the
process returns to step S521, and the processing for setting the pixel

val uesréspedisiveoynal Eopatdder i 307 epegiecksl X Hd ridrriss deherdnidied in step
S522 that the setting for the designated pixels is finished, the process
proceeds Wholclstidye $623:1 Ivalstep S Feta wwalawAtarn sy calxul ates the
estimated nixture ratio based on the nornmal equati-ons i'n which the pixels
val ues areUséng ahe swepptoutheeddloduloat étie 20kmi, xtheecnatudatds di scussed
above,_the estimated--m xture-ratio processor 401 having the configuration
shown 397 Elefermgnes the estdmediad imixdive redtiomitye & ofivitngr ehreat i 0 based on

th? idqéﬁéf g%%gfions supplied from the adder 502, and out
. puts
the determined estimated mixture ratio.
In this manner, the estimated-mixture-ratio processor
401 is able to calculate the estimafed mixtdre ratio baséd
on the input image, and supplies it to the mixture-ratio
30" determining portion 403. |
The estimated-mixture-ratio processor 402 is configured
similar to the estimated-mixture-ratio processor 401, énd an
explanation thereof is thus omitted.
Fig. 69 illustrates an example of an estimated mixture
15 'ratio calculated by the estimated-mixture-ratio processor
401. The estimated mixture ratio shown in Fig. 69 indicates
the calculation fesult, with réépect to one line, obtained
by geherafing and calculating an equation in units of 7x7-
pixel blocks in which the amount of motion v in the
20 foreground éorresponding to. an object moving at a constant
speed is 11. |
Fig. 68 shows that the estimated mixture ratio changes
substantially linearly in the mixed area.
A description is now given, with reférence to the

25 flowchart of Fig. 70, of the mixture—ratio estimating
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25 The mixture-ratio estimating processing by using a 22 Decenb%r ﬁ%?égﬁ
149 nodel corresponding to the uncovered background area is sTﬁi 1o

t he processing indicated by the flowhart of Fig. 70 by using the nornal
equations corresponding to a nodel of the uncovered background area, and
an explanation thereof-is 5 thus omtted. The enbodi mrent has been

descri bed, assum ng that the object corresponding to the background is
stationary. However, the above-described m xture-ratio’.calculation
processi ng can be applied even if the inmage corresponding to the
background area contains notion- Fot48xanple, if the inmage corresponding
to the background area is uniformy noving, the estinmated-m xture-ratio

~processor 401 shifts the overall image in accordance with this notion, and

per f or pEoREEEEREI BY ltﬂeaeg%rmarteaLmﬁ%h;teorhlﬂﬁoC?%Sclegséé’?.' gh1the 15 obj ect
correspondi ng to the background is stationary- | the 1 mage correspondi ng
to t hehbadkgr enadcaneagaeBtabns snbasalihyrdif f 6sepy A8LHQNS. nbh&1
estimated-m xture-rati o processor 401 sel ects the-pixel’s corresponding to
t he nofibhs asvehedpbiekgrbehdngirag.to the m xed area, and 20 executes

t he above-descri bed processing. As'described above, the m xture-ratio

cal cul ator' O teap HNlk, tcheatdddat 202 heets xthe o041 ovauavhi ch is a
feature quantity corresponding to each pixel, based on the input inmage
and@ t hecatehne@f bh nhheohnpupplinedet andheharpaxel value contained

in the image supplied from the delay circuit 501 in ‘a normal
equation corresponding to a model of the covered background
area.

In step S$522, the estimated-mixture-ratio processor 401

ey T

10 determinés“whether the setting of the designated pixels is
finished. If it is determined that the setting of the
designated pixels is not finished, thé_process returns to
step $521, and the processing for setting the pixel values
in the nqrmal‘équation is repeated.

15 . If it is determined in step $§522 thatjthe setting for
the designated pixels is fiﬁished, the process proceeds to
step S523. in step S$523, a calculator 173 calculates the
estimateﬁ mixture ratio based on the normal equations in
which the pixels values are set, and qpﬁputs the calculated

20 'ﬁixture ratio. |

As discussed above;-the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 68 is
.able to calculate the estimated mixtufe ratio based on the
-input image.

- 25 The mixture-ratio estimating prccessing.by using a




25 specifying unit 101. 7 2 DEC 2005 - 150 By utilizing the mxture ratlo
a, it is possible to separate..the foreground conpo ecegihgr 26(ed
background conponents-contained in the pixel values while nmaintaining the
information of notion blur contained in the inmage 5 corresponding to the
nmovi ng obj ect. By conbining the images based on the m xture ratio a, ~it is

-al so possible to create an i mage which-contains correct notion blur that

coincides with the speed of a noving object and which faithfully reflects
the real world. i}10 The foreground/ background separator 105 is discussed
below. Fig. 71 is a block diagramid49ustrating an exanple of the
configuration of the foreground/background separator 105. The input image
supplied to the foreground/ background separator-105-is supplied to a

separ aiddd. R drebAIlinR 45 @ et SZredrsh AU b HUL the area
information supplied fromthe area specifying un| t 103 and indicating the

i nf or neitriidroftd hehet @rarask Niack grrinsh ts@anehd hel snaover ek Bagkgr ound
area is. supplied to the separating portion 601. -The dfea information

i ndi catl iy tuselrfgrggr ounhar eaypuas: i2thss upptiethdiide snd abBd2.0fThe area |
information indicating the background area supplied to the switch 604." The
m xt urtdrer axniay va rsub flackdy fowoni tareani xng exrr adstpol arcat oo atrerreld® is suppl i ed
to_the separating portion 601'. The separating portion 601 separates the

f of egit&iisd omig t@shponent s fromthe input image based. on the area.

The embodiment has been described, assuming that the
object corresponding to the background is stationary.
‘However, the above-described mixture-ratio calculation

processing can be applied:even if the image corresponding to

o4 ' . '
1 30 the background area contains motion. For example, if the

image corresponding to the background area is uniformly
moving, the estimafed—mixture—ratio processor 401 shifts the
overall image in accordance with this motion, and performs
processingrin a manner similar to the case in which the

15 -object corresponding fo the background is stationary. If
the image cortesponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor”401-selects the pixels corrésponding to the
motions as the pixels belonging to the mixed area, and

20 executes the above-described processing.

As’ described above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio o, which is a feature
quantity corresponding to each pixel, based on the input
image and the area information supplied to the area

25 specifying unit 101.




22 Decenmber 2005 - 151. infornmation indicating the covered background
area,.the area information indicating the uncovered background arpesg, 20e5d
the m xture ratio a, and supplies the separated foreground conponents to a
synt hesi zer 603. The separating portion 601 5 al so separates the background
- conponents fromthe input inmage, and supplies the separated background
conponents to a synthesizer 605. The switch 602 is cl osed when a pi xel
corresponding to the foreground is input based on the area information
i ndicating the foreground area, and supplies only the pixels correspondi ng
to the foreground contained in the ithfut inmage to the synthesizer 603. The
switch 604 is closed when a pixel corresponding to the background is input
based on the area information indicating the background area, and supplies

only the piﬁflﬁtifgﬂggpe@girﬁkgxé&réhfa@&kafOyggjogoxg&%%g L1, the input

image to the synthesizer 605. The synthesizer y esizes a foreground
C0”pOneabakaﬁgetHéSQQr@Bréﬁﬁdf@BﬁﬁBHHH@sCQHHOEEQFEaéﬂ@?bhﬁﬁ fromthe 20

separating portion 601 and the piXxels correspondi hg to*the foreground

suppl i edmpoaantbecewthehe802n 8RE PUkpUt Sathes &pibeghzgdaigigground
conponent image. Since the foreground area and the m xed area do not

over | aphet hefosyathesi a6rm608oappliescoheninsanphecnéoghege OR to-the 25
f oreground conponents and the foreground pixels, thereby 2' 2 DEC 2005
5 corresponding to the moving object. _
By combining the images based on the mixture ratio «,
it is also possible to create an image which .contains

correct motion blur that coincides with the speed of a

moving object and which faithfully reflects the real world.

i _
ﬂ& $10 The foreground/background separator 105 is discussed

below. Fig. 71 is a block diagram illustrating an exémple

of the configuration of the foreground/background separator

105. 'The input image supplied to the foreground/background
separator 105 is supplied to a separating portion 601, a
15 switch 602, and a switch 604. .The area information supplied
from the area specifying unit 103 and indicating the
information of the covered background area and the uncovered
backgrougd area is supplied to the separating portion 601.
The area information indicating the foregrouﬁd area is
20 supplied to the switch 602. The area information indicating'
the background area supplied to the switch 604.
The mixture ratio « supplied from the migturewratio
calculator 104 is supplied to the separating portion 60I.
The separating portipn 601 separates the.foreground

25 components from the input image based. on the area




- 15 2 _. synthesizing the foreground conponent i Mmages peddhbdt©oos
initializing processing executed at.the start of the synthesi zing
processing for 'the foreground conponent inmage, the synthesizer 603 stores
an i mage whose pixel 5 values are all O in a built-in frane nmenory. Then,
in the -synthesizing processing for the foreground conponent inage, the
synt hesi zer 603 stores the foreground conponent inmage (overwites the
previous imge by the foreground conmponent image) - Accordingly, 0 is
stored in the pixels 10 corresponding to the background area in the
foreground conponent image out pat ¥rlom the synt hesizer 603_ The

synt hesi zer 605 synt hesi zes a background conponent iriage based on the
background conponents supplied fromthe separating portion 601 and the

pi xel s rrorRspedi RE e dilgy the haskarounsh SupRldge £ram the Sé/%éa?h 604,
and outputs the synthesized background conponent image. Since the

backgrisifetrartdaranthdike tTinge dhy e dlydatd Bil@Rudd @ ssynthesi zer 6.05
applies, for exanple, logical ORto the background conponents and the

backgrtdnenchipitueles ratther ey an?0 ssyprilhiesi zilng sdiehackyraymssumonent i mage. .
lh the initializing processing executed at the start of the synthesizing
pr ocessinpgnfemitst e backgtiuesd zeamedlent THenegma rialtd nsy pidiaSictere @05 st ores
an ina%e whose pixel values are all 0 in a built-in frame nenory- Then, in
the 25ispnekpsicziteg phecbeskagouod egHvasigrsodndne digoriaptut mage, 22
Decenmper 2005 --- 15 3 ‘
image, and supplies the separated background components to a
synthesizer 605.
The switch 602 is closed when a pixel corresponding to
o the foreground is input based on the area information
%W‘ﬁo indicating the foreground area, and supplies only the pixels
corresponding to the foreground contained in the inpﬁt image
to the synthesizer §03.
The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
15 indicating the background area, and supplies only the pixels
corresponding to the backgrohnd_contained in the input image
to the synthesizer 605.
The synthesizer 603 sYnthesizes'a_foreground component
image based on the foreground components supplied from the
20 separating portion 601 and the pixels corresponding to the
foreground supplied from the switch 602, and outputs the
synthesized foreground component image. Since the
. foreground area and the mixed area do not overlap, the

synthesizer 603 applies, for example, légical OR to the

25‘ foreground components and the foreground pixels, thereby




the synthesizer 605 stores the background conponent inmage (overwites the
previ ous i mage by the background conponent =, u. inage). _Accord%ggjgg,zgﬁ IS
stored in the pixels corresponding to the foreground area in e

 background 5 conponent image output fromthe synthesizer 605. Figs.. 72A

and 72B illustrate the input imge input-into the foreground/ background
separator 105 and the foreground conponent imge and the background
conponent image output fromthe foreground/ background separator 105. Fig.
72A is a schematic diagramillustrating the imge to be displayed, and
Fig. 72B is a nodel obtained by expadding in the time direction the pixels
di sposed in one line including the pixels belonging to the foreground
area, the pixels belonging to the background area, and the pixels 15

bel ongisngr tihe stilve ndfi xed &beagEOLHES RORGOAS O ihage 72A_ As shown .in Figs.
72A and 72B, the background conponent .inmage output fromthe

f or egr ound/ Backbeointit sepht ah@rptObese0ngi skecofedhetrpikel sthekopgi ng to.
t he background area and the background conponents-cont®@i ned in the pixels

- of the th@® mivndédesieandshshoensiingFifgs. th2Afandg73Bndt kenponeground

conmponent inmage output fromthe foreground/ background separator 105
consi sti§age .t kdepisyxakhpeliangi A3t etohesf enegmegrdwhpea anaelt he f or eground

conponents. contained in the pixels of the 25 m xed area. . 2 ,2 DEC 2005
_ 2§4 values are all 0 in a built-in frame memory. Then, in the

synthesizing processing for the foreground component image,
the synthesizer 603 stores.the’foreground component imége
{overwrites the previous image by the foreground comﬁoneﬁt
image) . Accordingly, 0 is stored in the pixels

xle corresponding to the background area in the foreground
component image output from the synthesizer 603.

The synthesizer 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 and the pixels corresponding to the

15  background supplied from the switch 604, and outputs the
‘synthesized background component image. Since the
backgroupd area and the mixed area do not oﬁerlap, he
synthesiéer 605 applies, fof examble, logical OR to the
background components and the background pixels, thereby
20 synthesizing the backgrouﬁd componenf image.

In the initializing pfocessing executed at the start of

the synthesizing processing for the baékground component |
'-image, the synthésizer 605 stores an image whose pixei
values are all 0 in é'built—in frame mémory- Then, in the

25 synthesizing processing for the background component image,
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The pi xel values of the pixels in the m xed area arez%%ﬁ%kﬁ&%ﬁzb@§° t he
background conponents and the foreground conponents by the o

-f or egr ound/ background separator 105. The separated background conponents

formthe background 5 conmponent image together with the pixels belonging to
the background area. The separated foreground conponents form the

-foreground conponent inmage together with the pixels belonging to the

foreground area. As discussed above, in the foreground conponent i mge,

t he pi xel values of the pixels corresponding to the background area are
set to 0, and significant pixel valdes— are set in the pixels corresponding
to. the foreground area and the pixels corresponding to the m xed area.
Simlarly, in the background conponent inage, the pixel values of the

pi xel eheorsvesherdizeg 60 st e e HHUMANADUME SRlpdrerd 1@ Significant
pi xel values are set in the pixels corresponding to the background area
and t hevgirwalisescaheeppendiond timalgee Py X2@ M=@kgrdehes Fomidn¥hd S gi ven
bel ow of the processing executed 20 by the separati ng portion 601

f or' sépagat)i.ngAckerfidngdyound iscarporentia amé phediackground conponent s
fromthe pixels belonging to the mxed area. Fig_ 73 illustrates a nodel .
of anciexagsrendiiogt itngther égregmeucndinperentin ahe backgroewmd conponents in
two 25 ' frames including a foreground object nmoving fromthe left to 22
Det en5eF 2005 t- imgge output from the synthesizer 605.

Figs. 72A and 72B illustrate the input image input into
the foreground/background separator 105 and the foreground
component image and the background component image outpuf
from the foreground/background separator 105.

10 Fig. 72A is a schematic diagrém illustrating the image
to be displayed, and Fig. 72B is a model obtained by
expanding in the time direction the pixels disposed in one
line including the pixels belonging to the foreground area,
the pixels belonging to the background area, and the pixels

15 belonging to the mixed area corresponding to Fig. 72A.

As shown in Figs. 72A and 72B, the background component

image dutput from the foreground/background separator 105

-consists éf the pixels belonging to the background area and

the_background components contained in the pixels of,tﬁe

20 mixed area. |

As shown in Figs. 72A and 72B, the foreground cdmpoﬁent
image output from the foreground/background separator-lOS
consists of the pixel belonging to the foreground area and

the foreground components contained in the pixels of the

25 mixed area.



the, right in Fig. 73. In the nodel of the imge shown in Fig. 73, the
amount of nmovement v is 4, and the nunber of virtual divided portions is 4.
In frame #n, the |eftnost pixel and the fourteenth 5 through eighgqu%@

. pixels fromthe left consist of only the background conponents and be ﬁ@m
to the background area, In frane #n, the second through fourth pixels from
the left contain the background conponents and the foreground conponents,
‘and belong to the uncovered background area- In. frame.#n, the el eventh
through thirteenth pixels fromthe |eft contain background conponents and
f oreground conponents, and bel ong~t&>fhe covered background area.. In frane
#n, the fifth through tenth pixels fromthe |eft consist of only the
foreground conponents, and belong to the foreground area. 15 In frane #n+l,

the first thieughxéi féhpexehs Eﬁ@%if@ls'fﬁtt@@%i%%% ggrth pixel from

the left consist of only the background conponents, and belong to the
backgr sepdrated. intn thanBa#Rgkouhbecsipbhehbsough €hd h%@r&%ﬁﬁhﬁj from the
| eft contain background conponents and foreground conpbénents, and 20

bel ongcpBpphentacbyetbd background/bBaeRgrbindr aspa#aths 1w, fdid eenth

t hrough seventeenth. pixels fromthe left contain background conponents
and f ofegrbahedcoapbaenurgd anudpbetohg foomt hkeecovexetbb@ekground area. In
fr #n+l, the ninth through fourteenth pixels fromthe.left consist of
onl¥y t HEMPANERE efRBUAJLeBRPOAENTETh afle biel vabs tloe tdreg froy eigy aird area. 27 2

DEC 2015 - 156 Fig. 74 illustrates the processing for separating the
ackground area. The separated foreground components form

the foreground component image together with the pixels
belonging to the foreground area.
As discussed above, in the foreground component image,
5&0 the pixei values of the pixels corresponding to the
background area are set to 0, and significant pixel values
are set in the pixels corresponding to the foreground area
and the pixels corresponding to the mixed area. Similarly,
in the backgrdUnd component image, the pixel values of the
15 pixels corresponding to the foreground area are set to 0,
and significant pixel valuesfare set in the pixelé
Corresponding to the backéround area and the pixels
correspoﬁding to the ﬁixed area.
A description is given below of the processing executed
20 by the separating pottibn:GOl for separating the foreground
“components and the background components from the pixels
beloqging to the mixed area.
Fig. 73 illustrates a model of an image indicating
foreground components and badkground components in two

25 ' frames including a foreground object moving from the left to




foreground conponents fromthe pixels belonglng t] D thepeepitel ofodackgr ound
area. In Fig, 74, al through al8 indicate m xture ratios of the I ndividual

pi xels of frame #n. 5 In Fig. 74, the fifteenth through seventeenth pixels"
fromthe left belong to the covered background area. The pi xel value Cl15 of

. the fifteenth pi xel fromthe |left in frame #n can be expressed by equation

(68) Cl15 = B15/v+F09/v+F08/ v+F07/v ~j~{ 1 0 = al 5B. 15+F09/ v+x"' 08/ v+F07/ v
al50P15+F09/ v+FO8/ v+FO7/ v (68) where al5 indicates the mixture ratio of the
fifteenth pixel fromthe left in frame #n, and P15 designates the pi xel
value of the fifteenth pixel fromte Meft in frame 15 #n-1 The sum f15 of
the foreground conponents of the fifteenth pixel fromthe left in frame #n

can be expressed by equation (69) based on equation (68). f15 =
FO9/ v+#AG8/nigfQ7 /i A o= OBS- altvPlhe ade1Sion ltHd Yamddee stisRd 46, of the
foreground conponents of the sixteenth pixel fromthe left in frane #n can
be e¥igessed yheequratundn of7 Moyvearchtt e isum f bhdftHh@urdbreground
components of the seventeenth pixel fromthe-left--25 imframe #n can be
expreé@éﬂlﬁy-éﬁwaﬂaﬂﬁnptlpOHSZ1Bedenber 2005 - 157 f16 = Cl16-al6P16(70)
f17 = C17- al?Pl?(?k%

frame the leftmost pixel and the fourteenth
5 through eighteenth pixels from the left consist of only the
background components and belong to the background area. 1In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground |
components, and belong to the uncovered background area. In.
{"0 frame #n, the eleventh thfough thirteenth pixels from the
left contain background components and foreground components,
aﬁd belong to the covered background area. In frame #n, the
fifth through tenth pixels from the left consist of only the
foreground components, and belong to the foreground area.

15 ' In frame #n+l, the first through fifth pPixels from the
left and the eighteenth pixei from the left consist of only
the backg;ound components, and belong to the background area..
In framé #n+l, the sixth through eighth pixels from the left
contain background components and foreground components, and

20 Dbelong to the uncovéred béckground area. In frame #n+l, the
fifteenitth through seventeenth pixels from the left contain
baCkground;components and fo;éground components, and belong
to the covered background area. 1In frame #n+l, the ninth
through fourﬁeenth pixels'from the left consist of only the

25 fqreground components, and belong to the foreground area.




R = I
i

In this manner, the foreground conponents fc contained in the pixel value
C of the pixel belonging to the covered 5 background area can E.e% Sg@g&gsed
by equation (72): fc = CGa*P (72) where P designates the pixel val ue? t he
corresponding pixel in the previous frame.  Fig. 75 illustrates the )
processing for separating the foreground conponents fromthe pixels

bel onging to the wuncovered background area. In Fig. 75, al through al8
indicate m xture ratios of the individual pixels of franme #n. In Fig. 75,
the second through fourth pixels fromthe left belong to the uncovered
background area. 15 The pi xel valuel&82-of the second pixel fromthe |eft
in frame #n can be expressed by equation (73): C02 =

B02/ v+B02/ v+B02/ v+F01/v a2. BO2+F01/v = a2N02+F01/v (73) 20 where a2

i ndi cates theg xtUfe1adioeof the SE6088siRyxebrfEomibelefipdn frame #n,
and NO2 designates the pixel valuééof th%lggconﬁ ﬁ%%%l£§}6%1ﬁhe left in

frame #otregréhadsusinpORentst Beohotrgr puRE160RBOINRGEAGOELt BReSECONd  pi Xel
fromthe left in frame #n can be expressed by equation-~25 (74) based on

equat i opverayl. bacbF€olA@5ared 58 TANHighe7ayumeiO4hobulheal gr egr ound
conponents of the fourth pixel fromthe left in. frane #n can be expressed
by equarnflopag@bhpixture ratios of the individual pixels of frame #n.
5 In Fig. 74, the fifteenth through seventeenth pixels from
the left belong to the covered background area.

The pixel value C15 of the fifteenth pixel from the

left in frame #n can be expressed by equation (68):

Cl5 = B15/v+F09/v+F0B/v+F07/v
a15eB15+F09/v+F08/v+F07/v
= wl5eP15+F09/v+F08/v+F07/v (68)
where al5 indicates the mixture ratio of the fifteenth
pixel from the left in frame #n, and P15 designates tﬁe
pixel value of the fifteenth pixel from the left in frame
15  #n-1. |
The sum f15 of the foreground components of the

fifteenth pixel from the left in frame #n can be expressed

by equation (69) based on equation (68).

il

£15 F09[v+F08/V+F07/V
20 = C15-al5ep15 . (69)
Similarly, the sum fl6 of the foreground components of
fhe sixteenth_pixel from the left in frame #n can be
: expressed by equation (70), and the sum f17 of the

foreground components of the seventeenth pixel from the left

25 in frame #n can be expressed by equation (71}).
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f03 = C03-a3.N03 f04 = CO4-a4N04 (75) (76) In this mapeicenitee 26@s egr ound
conponents fu contained in the pixel value C of the pixel belonging to the
uncover ed background area .can be expressed by equation (77): f u = CaN
(77) where N designates the pixel value of the corresponding 15 pixel in
t he subsequent frame. As di scussed above, th6 separating portion 601 is
able .to separate the foreground conponents fromthe pixels belonging to
the m xed area and t he background conponents fromthe pixels belonging to
the m xed area based on the 20 igfg%gagion i ndi cating the covered
background area and the informati i ndi cating the uncovered background
area contained in the area information, and the mxture ratio a for each
pixel. Fig. 76 is a block diagramillustrating an exanple of 25 the
confi gur atfbs ofCidhexseqrdraat i ng portion 601 for f02 701/ v = C02-a2N02
(7.4) Simlarly, the sumf03 of the foreground conponents of the third
pi xel fronfthes |@&f1-di7salahe #n can be expressed 5 by(7dduation (75), 22
Decenber 2005 - 159 executing the above-described procdéssing. An i mage

i nput In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
5 background area can be expressed by equation (72):
fc = C—aep ' (72)
where P designates fhe pixel wvalue of the corresponding
pixel in the previous frame. |
: Fig. 75 illustrates the processing for separating the
ib foreground components from the pixels belonging to the
uncovered background area. In Fig.r75, ai through «l8
‘indicate mixture ratios of the individual pixels of frame #n.
In Fig. 75, the second.through fourth pixels from the left
belong to the uncovered-backgxound area.

15 The pixel value C02 of the second pixel from the left

in frame #n can be expressed:by equation (73):

C02 = BO2/v+BO2/v+BO2/v+FO01l/v
= 2eB0Z2+F01/v
= a2eNQ02+F01/v : {(73)

20 where 02 -indicates the mixture ratio of the second
| pixel from the left in,frame #n, and N0O2 designates the
pixel value of the sécond pixelAfrom the left in frame #n+l.
The sum £02 of the foregroﬁnd components of the second

pixel from the left in frame #n can be expressed by equation

 25 (74} based on equation (73).
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into the separating portion 601 is supplied to a frane nenory.621, and the
area information indicating the covered background area and the uncovered
background area supplied 5 fromthe m xture-ratio cal cul at or 104Zéhagﬁﬁﬁﬁ
m xture ratio a are supplied to a separation processing block 622. The
frame nenory 621 stores the input images in units of franmes. Wen-a franme.
to be processed is franme #n, the frame nenory 621 stores frame #n-1, which
is the frame one " frane before frame #n, frane #n, and frane #n+l, which is
the frame one frane after franme #n. _The frame menory 621 supplies the
correspondi ng pixels in frame #n=115Prame #n, and frame #n+l to the
separation processing block 622 15 The separation processing bl ock 622
applies the calculations discussed with',reference to Figs. 74 and 75 to

t he pixel vabDZies ph1yhe corresponding pixels in frame #n-1, frame #n, and
frame #n+l supplied fromthe frame nenory 621 based on the area
i.nformation indFca®2ng2eme2 covered 20 background area (gad the uncovered
background area and the mxture ratio a so as to-separdte the foreground

' conponent s S#pdlahby batkgr sundf¢dnpdnene st éregroived praepsndéetonging to the .

m xed area in frame #n, and supplies themto a frame nenory 623. 25 The
separ aff'6ntPi6€eBiradg Bromk the2lep§tf dnnbydane #n 2aBDBE2expibBsedncover ed

argi péocessor_631, a covered area processor 632, a synthesizer 633, and a
synt he Yz8Auggion (75}, and the sum f04 of the foreground

components of the fourth pixel from the left in frame #n can
be expressed by equation (76} .
£03 = C03-a3eN03 {(75)

£04 = CO4-0a4eN04 ' - (76)

=
o=

In this manner, the foreground components fu contained
in the pixel value C of the pixel beionging to the uncovered
background area can be expressed by-equafion (77) :

fu = C-aeN | (77)

where N designates the pixei value of the corresponding
15 pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate the foreground components from the pixels
belongind to the mixed érea and the background components
from the pixels belonging to the mixed area based on the

20 informatiqn indicqting tﬁe covered background area and the
info;mation indicating the uncovered background area
~contained in the area informatidn, and the mixture ratio «
for each pixel.
Fig. 76 is a block diagram illustrating an example of

25 _ the configuration of the separating portion 601 for




"Anmultiplier 641 of the uncovered area processor 63a\bdderidet 2808 he pi xel
val ue of the pixel in frame #n+1 5 supplied fromthe franme nenory 621 by
the mxture ratio a, and outputs the resulting pixel value to a switch 642.
The switch 642.is closed when the -pixel of frame #n (corresponding to the
pi xel in frame #n+l) supplied fromthe frame nenory 621 belongs to the
uncover ed background area, and supplies the pixel value nmultiplied by the
m xture ratio a supplied fromthe nultiplier 641 to a cal culator 643 and

t he synt hesi zer 634. The val ue obtained by nultiplying the pixel value of
the pixel in frame #n+1 by the mixtdfe ratio a out put fromthe switch 642
is equivalent to the background conponents of the pixel value of the
correspondi ng pixel in franme #n. The cal cul ator 643 subtracts the
backgeserdtdogpahentboseppleised ibeampidee sswiitneh 642 fined Happitxel val ue of
the pixel in frame #n supplied fromthe frame nenory 621 so as 2'0 to

obt ai Anthe ther egpewadicgnpomenos. 60he icalstppdtied 643 a. KHaple es t he

f oreground conponents of the pixel in frane #n bel ongi'fig to the uncovered
backgfeBagYaP@a.t enthéhesypmehednformg33 onA imditdaplingr thl cofretchel cover ed
area processor 632 25 nultiplies the pixel value of the pixel in frame
#n-1 22Chatenpdrageesandighe ypspreasd hecpioreundalueamsuppdliiedd by t he
nkgture ratjo a, supplied fromthe nmultiplier 651 to a cal culator 653 and

t e '§§ﬂ‘f‘h€i§?z’@iﬂé%?—‘“?ﬁ@l@apaéC&Bﬁapﬁeaoﬁyaﬁﬂl ftihgl pilggurge ratio ,

@ are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units

of frames. When.a frame to be processed is frame #n, the

frame memory 621 stores frame #n-1, which is the frame one

iy
e
o

frame befo;e-frame #n, frame #fin, and frame #n+l, which is

the frame one frame after frame #n.

The frame mémory 621 supplies the corresponding pixels
in frame #n-1, frame #n, and frame #n+! to the separation
procéssing block 622.

15 The separation processing block 622 applies the

calculations discussed with reference to Figs. 74 and 75 to
the pixel values of the corresponding pixels in frame #n-1,
frame #n,-and frame #n+l supplied from the frame memory 621
based on the area information indicating the covered |

- 20 background area and the uncovered background area and the
mixture ratio @ so as to separate the foreground components
and the background components from the pixels belonging to
the mixed area in frame #n, and supplies them to a frame
memory 623.

25 - The separation processing block 622 is formed of an




pi xel value of the pixel in frame #n-1 by the mxture ratio a output from
the switch 652. is equivalent to the background conponents of the pixel
val ue of the corresponding pixel in frame #n. The cal cul ator 6532 DEC 205

. subtracts the background conponents supplied fromthe frame nenory 621 by

the mxture ratio a, and outputs the resulting pixel value to a swtch
652. The switch 652 is closed when the pixel of frame #n (corresponding to
the pixel in frame #n-.1) supplied fromthe 5 frame nenmgry 621 bel ongs to

t he covered background area, and 15 supplied fromthe switch 652 fromthe
pi xel value of the pixel in frame ¥Csupplied fromthe frame nenory 621 so
as to obtain the foreground. conponents. The cal cul ator 653 supplies the
foreground conponents of the pixel in frane #n belonging to the covered

backgronadvarea &peatpLosypsbesEzel 833ovePBd AP8aSYPLRESLZEr 6§33 conbi nes
t he foreground conponents of the' pixels belonging to the uncovered
backgrausgnthesiand 63Bpphhedafsomidei £gal-cggator 643 wi-th the foreground
conmponents of the pixels belonging to the covered-background area and

suppl i ed frPomulhe rdaleoulétloroB65he antbasuppld esrddhep2h-sydyhesized
f oreground conponents to the frame nenory 623. 2,, 2 DEC 2005 - 162 The
synt heB7rekp BBas combipiese } hea bae kgf ounel phxpbnent Sramé #fhel pi xel s bel ongi ng
to the uncovered background area and supplied fromthe switch 642 with the
baékgrﬁﬂﬁgﬂ%gﬁwﬁﬁgﬁngpe frame memory 621 by the mixture ratio «,
and outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n
{(corresponding to the pixel in frame #n+1) supplied from.the
frame memory 621 belongs to the uncovered background area,
’TﬁO -and suppiies the pixel value multiplied by the mixture ratio
¢ supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The vaiue obtained by multiplying the
pixel value of the pixel in frame #n+1 by the mixture ratio
o cutput from'the switch 642 is equivalent to the background
15 components of the pixel value of the corresponding pixel in
_frame #n.
The calculator 643 subtracts the background components
_suppliedrfrom the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as
20 to obtaiﬁ the foreground components. The calculator 643
suppliés_the foreground compeonents of the pixel in frame #n
belonging to the uncovered background area to the
synthesizer 633.

A multiplier 651 of the covered area processor 632

25 multiplies the pixel value of the pixel in frame #n-1




of the pixels belonging to the covered background area and 5 supplied from
the sw tch 652, and supplies the synthesized | (~. X01Zp bacdngier 2005 '
conponents to-the frane nmenory 623. The frane nenory 623 stores the ‘
foreground conponents and the background conponents of the. pixels in the
m xed area of frame #n supplied fromthe separation processing block 622.
The frame nenory 623 outputs the stored foreground conponents of the
pixels in the mxed area in frame #n and the stored background conponents
of the pixels in the m xed area Lni%ﬁaqp #n 15 By utilizing the mxture
ratio a, which indicates the feature quantity, the foreground conponents
and the background conponents contained in the pixel values can be
conpl etely separated. The synthesizer 603 conbines the foreground
conpoRewrs iegl) fafont Hdepifirelre imentdwy e dartgee imiftare #atiauteput fromthe
separating portion 601 with the pixels belonging to the foreground area so
as toagehevdpaty fhcegesuddiogmpdmait valragao FhewiymritheésiZzer. G5 conbi nes
t he background components of the pixels in the mxed afea in frame #n 25
_out put it ORE dépslasiedg whent ithe e0ESd 1of tiransi el s 22 Decenber 2005 -
163 el onging tq the backgrqund area so as to generate a background
conpo &ﬁfr|ﬁﬁgédlpﬂg§9 FRR RAoei7B D 19538 dive lan seepdiies dframhghe

5 frame memory 621 belongs to the covered background area, and
supplies the pixel value multiplied by the mixture ratio «
supplied from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the |
pixel value of the pixel in frame #n-1 by the mixture ratio

“-%% o output from the switch 652. is equivalent to the background
cdmponents of the pixel value of the corresponding pixel in
frame #n.

The calculator 653 subtracts the backgréund components
supplied from the switch 652 from the pixel value of the
15 pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 653
supplies the foreground components of the pixel in frame #n
belongiﬁg:to‘the covered background area to. the synthesizer
633.

- 20 . The synthesizer 633 combines the foreground components
of the 'pixels belonging to the uncovered babkground area and
supplied from fhe calculator 643 with the foreground
components of_the pixels belonging to the covered background
area and supplied from the calculatér 653, and suppliés the

25 synthesized foreground components to the frame memory 623.




foreground conponent image and an exanpl e of the background 5 conponent
image corresponding to frame #n in Fig. 73. Fig. 77A illustrategZDec s
exanpl e of the foreground conponent inage corresponding to frane #n in
Fig. 73. The |eftnost pixel and the fourteenth pixel fromthe |eft
consi st of only the background conponents before the foreground and the
background are separated, and -thus, the pixel values are set to 0. The
second and fourth pixels fromthe |left belong to the uhcovered background
area before the foreground and the background are separated. Accordingly,
t he background 15 conponents are sel®%070, and the f oreground conponents

.are mintained. The..eleventh through thirteenth pixels'fromthe |eft
bel ong to the covered background area before the foreground and the

" background. e sepdreatiectr ADDraimgiyes tihe haokgroun componemts are set
to 0, and the foreground 20 conponents are maintained.. The fifth through
tent h pfxehs pixohs theldmfingonsi sheofinoolyretiebfiokggoanadacaspanant s,
which are thus maintained. Fig. 77B illustrates the exdhple of the
backgr ®¥RAL iednborrentheé nugetclor ¢ €2 pehth nghe cbdckgeowndi nofpgnedBs The 25
| ef t nrost pi xel and the fourteenth pixel fromthe left 2~ 2 DEC 2005 - 164
consi s?f ofn®nPixe e DrakkyF mdte ofiponerveredforekyheundoargroand and t he
bagﬁground are separated, and thus, the background conponents are '

mai°nt af AL TFE - S id e RrbtiErh f ot ¢ AR x@rRP Fiow Ehe sBRtheeiseg

background components to the frame memory 623.
The frame memory 623 stores the foreground components
'and the background components of the pixels in the mixed-
area of.frame #n supplied from the separation processing
{0 block 622.

The frame memory 623 outputs the stored foreground
components of the pixels in the mixed aréa in frame #n aﬁd
the stored background components of the pixels in the mixed
area in frame #n.

15 By utilizing the mixture ratio &, which indicates the
feature quantity, the foregiound components and the
backgrouqd components contained in the pixel values éan be
completeiy separated.

The synthesizer 603 combines the foreground components

20 of the pixels in the mixéd area in frame #n output from the
separating portion 601 with the pixels belonging to the |
foreground area so as to generate a foreground component
image. The synthesizer 605 combines the background
éomponents of the pixels in the mixed area in frame #n

25 output from the separating pdrtion 601 with the pixels




LN
eV

5 to the uncovered background area before the foreground and the background
are separated. Accordingly, the foreground conponent22Reeenalar 20850, and

t he background conponents are nmintained. The el eventh through thirteenth
pixels fromthe Ieft belong to the covered background area before the
foreground and the background are separated. Accordingly, the foreground
conponents are set to 0, and the background conponents are mai ntained. The
fifth through tenth pixels fromthe | eft consist of only the foreground
conponents, and thus, the pixel values are set to 0. 15 The processing for
separating the foreground and the Bﬁékground executed by the '

f or egr ound/ background separator. 105 is described below with reference to
the flowhart of Fig. 78. In step S601, the frane nenory 621 off the
separ atilbggpagt tontf8lbabkarbananair@pUkol GRJEo JRGeTHALS 20 frane #n for
whi ch the foreground and the background are separated together with the

pr evi baskfyramed#nedpandnthemagubsequent franme #n+l. In step S602, the

~ separation processing block 622 of the separating portion 601 obtains area

i nformat i oRiguppl TRedand rone t helws kKtate- aat epampleubat ahel04.. In step

S60. 3,  the 22 Decenber 2005 - 16 5 - separation processing block 622 of the
separ aPFRGrpondi opmpedentbimpas ehd anxewrmpilat b6 &hsuppeldkedofundm t he,

m xture ratio calculator 104. In step 3604, the uncovered area processor
6P eXPRBRERSNt5ImpGe haekgranATdEBAPEAArIMEr &M the Fpidxel73val ues of the

Fig. 77A illustrates thelexample of the foreground
component image corresponding to frame #n in Fig. 73. The
leftmost pixel and the foufteenth pixel from the left |
consist of only the background components before the

30 foreground and the background are sepérated, and thus, the
pixel values aré set to 0.

The second and fourth pixels from the left belong to
the uncovered background area before the foreground and the
background are separated. Accordingly, the background

i5 components are set teo 0, and the foreground components are
maintained. The-eleventh th;éugh thirteenth pixels from theA
" left belong to the covéred background‘area before_thé
foregrouné and the background are separated. Accordingly,
the background components are set to 0, and the foreground

20-_components are maintained. The fifth through tenth pixels
from the left consist of only the foreground cqmponenﬁs,
which are thus maintained. |

Fig. 77B illustrates the example of the background

Acomponent image corresponding to frame #n in Fig. 73. The

25 leftmost pixel and the fourteenth pixel from the left




pi xel s belonging to the uncovered background area supplied fromthe frane
menory 621 based on the area information and the m xture ratLgﬂﬂ Ek%m%tep
S605, the uncovered area processor 631 extracts ~0 the foregr g

~ conponents fromthe pixel values of the pixels belonging to the uncovered
“background area supplied fromthe frame nmenory 621 based on the area
information and the mxture ratio a. In step 5606, the covered area
processor 632 extracts 15 the background conmponents fromthe pixel val ues
of the pixels belonging to the covered background area supplied fromthe
frame nmenory 621 based on the area ¥formation and the. mixture ratio a.
In step 5607, the covered area processor 632 extracts 20 the foreground
conmponent s from the pi xel values of the pixels'belonging to the covered

backgr@aﬂglgﬁe@fsgﬂwlaqe ﬁae%é@@n&r@mp&%@pey BedoPasgd. on the area

information and the mxture ratio a_ In step S608, the synthesizer 633

conbi nesréfeour 404 €K OUBSCEOPPORNE N Se Ofephia Bhxel Snekng] Nghd 0 the E 2~
2 DEC 2005 - 166 uncovered background area extracted i'n the processing of

step S68SkyEdlind heohyes egh 08 Ndr & arpDRENise®f the pt..xels 4 belonging to the.
covered background area extracted in the processing-of step S607. The
synt hesi zed'feorssgroouhd-hrough fourth pixels from the left belong
5 to the uncovered background area before the foreground and
the background are sepafated. Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels fromrthe
left belong to the covered background area before the
"”ﬁO foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components, and
thus, the pixél values are set to 0.
15 | The processing for separating the foreground and the
background executed.by the foreground/background separator
105 is deécribed below with reference to the flowchart of
Fig. 78.- In step S601, the frame memory 621 of the
separating portion 601 obtains an input image, and stores
20 frame #n for which the foreground and the background are
separated‘together with the previous frame #n-1 and the
subsequent;frame #n+l.
In step S602, the separation processing block 622 of
the sepérating portion 601 obtains area information supplied

25 from the mixture-ratio calculator 104. 1In step S603, the



conponents are supplied to the synthesizer .603. The " synt hesi zer 603
further conbines the. pixels belonging to the foregrdrideceneer 209pH! i ed vi a
the switch 602 with the foreground conmponents supplied fromthe separating
portion 601 so as to generate a foreground conponent inamge. In.step 5609,
the synthesizer 634 conbines the background conponents of the pixels

bel onging to the wuncovered background area extracted in the processing of
step S604 with the background conponents of the pixels belonging to the
covered background area extracted in the 15 processing of step 5606. The
synt hesi zed background conponents dre& supplied to the synthesizer 605. The
synt hesi zer 605 further conbines the pixels belonging to the background
area supplied via the switch 604 with the background conponents suppli.ed
fromthg,Senarft i f:i ' qe { ound
corrponSt(;%t irrag% ql%%%résﬁn 6%&, t S)O%zynt 2%'422? o 3%%’?%3%‘%6‘?%‘2‘5 f or egr ound
conporgyY JBGSs liheStRR 0Ll ralth® SYNdSS] 28 - £ O AUIRUL S, £he backgr ound
conponent inmage- The processing is then conpleted. 25% As di scussed
above, rdtie fregnewad haakgr ound separator 22 Decenber 2005 - 167 105 is
able to separate the foreground conponents and the background conponents
fromthe i apustepageibasele duntbecdbdaarbbopbrateBoandtthe rnslddse ratio a,
and outputs the foreground conponent image consisting of only the

f ob egridiendackgrponenicernpndenie Faokg rdienghiceiipardiies REEYEIRONSI Ssting of

pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio o. |
) In step 5605, the uncovered area processor 631 extracts
ﬁﬁ'iO the foreground components from the pikel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area inforﬁation and
the mixture ratio o.
In step 3606, the covered area processor 632 extracts
15 the background components from the pixel values of the‘
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area informatiqn and
the mixtu;e ratio .
In step S607, the covered area processor 632 extracts
20 the foreground components from the pixel.values of the‘
pikels'belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S608, the.synthesizer 633 combines the

25 foreground components of the pixels belonging to the




only t he background conponents. Adjustnents of the amount of notion blur

a foreground conponent inage are described below. Fig. 79 Iséf 3#& h@@
diagramillustratin an examle of g p r d ~ 1;10 the configur F he
notion-blur adjusting unit 106. The notion vector and the positional
information thereof supplied fromthe notion detector 102 are supplied to
a unit--of-processing determ ning portion 801, a nodel-formng portion
802, and a cal cul ator 805_ The area information .15 supplied fromthe area
speC|fy|ng unit 103 is supplied to the unit-of-process.ing determning
portion 801.. The area informationt@pplied fromthe f or egr ound/ backgr ound
separ at or 105 is supplied to an adder 804. The unit-of-processing

determ ning portion 801 20 generates the unit of processing based on the

not i onuneotered bhekgosuhdonakai 8k oraBtE@ONi K heke€Prodiudk i & ea
information and supplies the generated unit of processing to the nodel -
formi ngtppr 660h 80Eh atide t heraddeun80dompsnshionro byian wxaml e in Fig_ 80,
the unit of 25 processing A generated by the unit-of-processing det erm ni ng
2, 2 Deelongbng 168thpordvenedOiac kgl cad s oon sectitd veePi el shali sposed in

the processing of step S607. The synthesized foreground
5 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the
foreground components supplied from the separating portion
- 601 so as to generate a foreground component image.
ff“ﬁO In step 5609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered background area extracted in the processing of
step 5604 with the background components of the pixels
belonging to the covered background area extracted in the
15 processing of step S606. The synthesized background
components are supplied to the synthesizer 605. The
synthesizer'GOS further combines the pixels belohging to the
' backgrouﬁd area supplied via the switch 604 with the
background components supplied from the separating portion
20 601 so as to geﬁerate a backgroﬁnd component image.
In step S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer.
605 outputs the background component image. The processing
is then completed.

25 - ‘As discussed above, the foreground/background separator



~noving direction starting fromthe pixel correspodi n@2Dedehfber 2065 ed

background area of the foreground conponent image until the pixel
corresponding. to the uncovered 5 background area, or indicates consecuti ve
pi xel s disposed in 10 1 the noving direction starting fromthe pixel -
corresponding to the uncovered background area until the pixel
corresponding to the covered background area. The unit of processing Ais
fornmed of two pieces of data which indicate, for exanple, the upper left
point (which-is the position of the |leftnost or the topnost pixel in the

i mage designated by the unit of -ptééessing A and the | ower right point
The nodel -form ng portion 802 forns a nodel based on the notion vector and
the input unit of processing A. More 15 specifically, for exanple, the

WDde'1hgrEhngbﬂer%bOQeEQ%a%EytﬁEOESrEBrQQMBHES QREHEQ'EBM ghormodel s in
accordance with the nunber of pixels contained rn t uni t of - processi ng

A, thacngﬁbaﬁdo&ompahaatsdfybﬁle@neompﬁeslﬁggéhsagéaebnvehee {8, the tine
direction, and the nunber of foreground conmponent.s 20 foor each pi xel . The

nDdeI1ﬁﬁbﬂmag1@ﬁrén@ntBQZmiﬁtaeéSrhhﬂo apdghai Buvphieh the correlation .
bet ween the pi xel values and the foreground conponents is designated, such
as thfbregréugd c@dpohasedimageheonsistohgpdOCessy nghd addeghsunanber of
virtual divided portions of the pixel value in the tinme 25 direction. 22
Décenbernponests 4@ the background component image consisting of
only the background components.

Adjustments of the amount of motion blur in a
foreground component image are described below.

Fig. 79 is a block diagram illustrating an example of
ﬂQ the configuration of the motion-blur adjusting unit 106.

The motion vector and the positional information thereof

supplied from the motion detector 102 are supplied td.a

unit-of—processing determining portion 801, a model—forming

portion 802, and a calculator 805. The area information
15 supplied from the area specifying unit 103 is supplied to

the unit—offprocessing déter&ining portion 801. The area

information supplied from the foreground/background

'separator'IOS is supplied to an adder 804.

The unit-of-processing determining portion 801

20 generates the unit of processing based on the motion vector,

the ppéitional information thereof, and the area ihformation

gnd supplies the generated unit of processing to the model-

forming portion 802 and the adder 804.

As shown by an example in Fig. 80, the unit of

25 processing A generated by the unit-of~processing determining




It is now assuned, for exanple, that the nunber of pixels corresponding to
the unit of processing Ais 12, and that the anount of novenent v within
the shutter time is 5. Then, the nodel -form ng portion 802 sets tR& DEQIS
of 5 virtual divided. portions to 5, and selects a nodel fornmed of eight
types of foreground conponents so that the |eftnost pixel contains one.

f oreground conponent, the second pixel fromthe left contains two
foreground conponents, the third. pixel fromthe |left contains three

f oreground conponents, ~0 the fourth pixel fromthe |eft ‘contains four

pi xel ~ conponents, the fifth pixet ¥¢%mthe left contains five foreground
conponents, the sixth pixel fromthe |left contains five foreground
conponents, the seventh pixel from the left contains five foreground

conpongaksiohhgoei ghaNcdbepi é@ﬁséé@ﬁl{'@e?iﬁéis cepsgbhsafiyechoreground
conponents, the ninth pixel fromthe left contains four foreground -

. conpoirenifig dbeetendbh ptxetihgomdberheflpicont abnsetBbe®ind 0E€ground
conponents, the eleventh pixel fromthe left contains tw foreground
conponéhéscoaaded heatgtdbhd paxed @0 theontshegtehihd commpbmsnone foreground
conponent. Instead of selecting a nodel fromthe prestored nodels, the
nmodel - ioage ngnpott tha B02e hayo geespandiag nodethdasedooared he noti on vector
and the unit of processing A when the notion vector and the unit of

pr ctesBRAkTrOERe suep! i @d. indiqdeespdetséorting pxelondBoPosepplines t he

selected it 2 2 DEC 2005 - 170
the moving direction starting from the pixel corresponding

to the uncovered background area until the pixel
corresponding to the covered background area. The unit‘éf
processing A is formed of two pileces of data which indicate,
‘vw&ﬂ for example, the upper left point (which is the position ofr
the leftmost or the topmost pixel in the image designated by
the unit of pracessing A) and the lower ‘right point.
The model-forming portion 802 forms a model based on
the motion vector and the input unit of processing A. More
15 specifically, for example, the model-forming portion 802 may
store in advance a plurality of models in accordance with
the numbgr of pixels contained in the unit of processing A,
the numbér of virtual divided portions df the pixel'value in
the time direction, and the number of foreground components
20 for each pixel. The-modél—forming portion 802 selects the
model in which the correlation between the pixel values and
the foreground cbmponents ié designated, such as that in Fig.
81, based on the unit of processing A and the number of
virtual divided portions of the pixel value in .the time.

25 direction.




model to an equation generator 803. The equation generzabé&deniifs 2gemer at-es an
equatri on based on the nodel supplied fromthe nodel-form ng portion 802. A
description is given below, with reference to the nodel of 5 the foreground
conponent image shown in Fig. 81, of equations generated by the equation
generator 803 when the .nunber of foreground conponents is 8, the nunber of
pi xel s corresponding to the unit of processing Ais 12, and the arount of
novenent v is 5. Wien the foreground conmponents contained in the
f oreground conponent inmage corresponding to the shutter tinme/v are FOL/v
through FO8/v, the relationshi ps héffeén FO01/v through FO8/v and the pi xel
val ues CO through Cl2 can be expressed by equations (78) through (89). 15
C01 = FOL/v (78) Q@02 = FO2/vfFOL/v (79) Q03 = FO3/v+x' 02/v+FOL.v (80)
Q04 = FO4/ ¥tFEOB/ HokREYuEAY (81) exERpie, FORAY+ERL/ NS¢ VEF02/ v+FA v (82)
20 C06 = FO06/v+FOs/ v+F04/ v+F03/ v+F02/v (83) Q07
FO7/ v pE@SIs+ECaresboh hE0B0V the84hitCod EQBicesEAR4GvAF®e/ 12FOahwtFO4/ v ( 85)
C09 F08/v+FO07/v+FC6/ v+FOB/ v (86) Cl10 = FO8/v+FO7+v+FC67/v (87) 25 Cl1 =
FO8/ v+Fet/ vhe88jno tDece mpeern2@@5 v- wizhinCtRe=shO8ter( 89he is 5. :
Then, the model-~forming portion 802 sets the number of
5 wvirtual divided portions to 5, and selects a model formed of
eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
} pixel from the left contains three foreground components,
Iﬁ ﬁb " the fourth pixel from the left contains four pixel
components, the fifth pixel from the left contains five
- foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel from
" the left contains five foreground compohents, the eighth
15 pixel from the left contains five foreground components, the
ninth pixel from the left cdhtains four foreground
.components, the tenth pixel from the left contains three
foreground compoénents, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel
20 from the left contains one foreground component.
Instead of éelecting‘a model from the prestored models,
the model-forming portion 802 may generate a model based on
the motion vector and the unit of processing A when the

motion vector and the unit of processing A are supplied.

25 The model-forming portion 802 supplies the selected




The'equation.generator'803 generates an equation by nodifying the

gener ated equations. The equations generated by the equation Q?Wﬁﬁaﬁﬁf 803

are indicated by equations 5 (90) though (101) . CO = _

1F01/ v+0F02/ v+0F03/ v+0OF04/ v+0F05/ v  +0OF06/ v+0F07/ v+0OF08/ v (90) C02 =
1FO0l / v+1F02/ v+OF03/ v+0F04/ v+OF05/ v +OF06/ v+OF07/ v+0F08/ v (91) 10 C03 =
| FO1/ v+1F02/ v+l FO3/ v+0F04/ v+0F35/v +OF06/ v+0F07/v+O*F08/v (92) Q04 =
1FOL/ v+10FQ2/ v+1FQB/ v+1F04/ v+OF05/ v +0F06/ v+OF07/ v+0F08/v (93) CO5 =
1F01/ v+1F02/ v+l FO3/ v+1F04/ v+1F05/v 15 +0F06/ v+0F07/v+0F08/v (94) C06
OF01/ v+1+F02/ v+10F03/ v+10F04/ v+l FO5/A0 | FO6/ v+0F07/ v+0F08/v (95) C07
OF01/ vt OFQ2/ v+l FO3/ v+1F04/ v+1FC6/v +10F06/ v+1FO7/ v+0F08/v (96) 20 C08
OF01/ v+0F02/ v+COF03/ v+l FO4/ v+l FO6/ v +1F06/ v+1F07/v+1F08/v (97) 25 C09 =

CFOl/wmﬁEQﬂ/y&QﬁQ&&gigEQﬁ4v 1F05 ¥or +6-RFO6/ v+ FO7/v+1F08/v (98) Cl O
QOF01/ V+OOF02/ V+OOF03/ V+Q0F04/ v+0eFo 5/ v +1F06/ v+1FO7/ v+1F0. 8/ v (99) 22

DEC 205 - Ihe <Glb 509" f@newt@dt03ost Gl natds04mnY 'égﬁ%\bn based

on the model supplied from the model-forming portion 802. A

description is given below, with reference to the model of
5 the foreground‘cdmponent image shown in Fig. 81, of
equations generated by the equation generator 803 when the
number of foregrounﬁ components is 8, the number of pixels
corresponding to the unit of processing A is 12, and the-

amount of movement v is 5.

f
(”&0 When the foreground components contained in the

foreground component image corresponding to the shutter
time/v are F01l/v through F08/v, the relationships between
F01/v through F08/v and the pixel values C01 through Cl2 can

be expressed by equations (78) through {89).

15 C01 = FO1/v ' (78)
co2 = FOZ/V%FOI/V. - , (79)
C03 = F03/v+F02/v+F0lv | (80)
co4 = F04/§+Eo3/v+F02/v+301v o (81)
CO05 = FO5/v+F04/v+F03/v+F02/v+F01lv (82)
20 C06 = F06/v+F05/v+F04/v+F03/v+F02/v (83}
CO07 = FO07/v+F06/v+F05/v+F04/v+F03/v {84)
C08 = FO8/v+FQ7/v+F06/v+F05/v+F04/v (85)
C09 = FO8/v+FO07/v+F06/V+F05/v (86)
Cl0 = FO8/v+F07/v+F06/v (87)

25 - Cll = FO8/v+F07/v ' (88)



+O*F06/ v+l *FO7/ v+1FC8/ v (100) Cl12 = 0*F01/v+0*F02/ v+OF03/ v+0F04/ v+OF05/ v
+0F06/ v+0* FO7/ v+l FO8/v (101) 5 Equations (90) throug?? Decerypber2A0he - :
expressed by equation (102). OB G =aij Fi [/ v (102). In equation (102),
j designates the position-of the pixel. In this exanple, j has one of the
values from1l to 10 12. In equation (102), i designates the position-of the
foreground value.. In this exanple, i has one of the values froml to 8.
In equation (102), aij has the value 0 or 1 according to the values of i
and j _ Equation (102) can be expressed by equation (103) in 15 :

consideration of the error. OS5 ¢ F&ijFi/v+ej i=0x (103) In equation
(103), ej designates the error contained in the designated pixel (.
Equation (103) can be nodified into equation (104) 08 20 ej =G - | ai]

Fi / v 1=012(20d9gfw order to apply the nethod of |eggfy squares, the
The equation generétor 803 generates an equagion by
mbdifying the generated equations. The equ;;ioné generated
by the equation generator 803 are indicated by equations
S  (90) though (101).
C01 = 1eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+08F06/v+0eF07/v+0eF08/v (90)
C02 = 1eF01/v+1eFQ2/v+0eF03/v+0eF04/v+0eF05/v |
+0®F06/v+09F07 /v+0eF08/v (91)
“ L0 cCo03 = 1'F01/v+l'F02/v+10F03/v+00FO4/V+O'F05/v
| +0eF06/v+0eF07 /v+0eF08/v (92)
C04 = 1eF01/v+1eF02/v+1eF03/v+1eF04/v+0eFQ5/v
, +0eF06/v+0eF07/v+0*F08/v (93)
C05 = 10F01/v}1'F02/v+l'F03/v+10F04/v+1¢F05/v
15 +d-F06/v+00F07/v+0-F08/v (94}
C06 = O-FO1/v+1o€02/v+1cF03/v4i-F04/v+1-F05/v
+10F06/v+0eF07 /v+0eF08/v (95)
©CO7 = 0sFOL/vH0eF02/v+1sE03/v+19F04/v41eE05 /v
+18F06/v+1eF07 /v+0eF08 /v (96)
20 .c08'% O0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07 /v+1eFQ8/v : (97)
c09 = O*FOl/v+00FO2/V+O-FO3/v+0-F04/v+10F05/v
+19F06/v+19F07 /v+1eF08/ v (98)
€10 = OOFO1/v+0'F02/v+O'F03/v+OOF04/v+0°F05/v

25 ' +1eF06/v+1eF07/v+1eF08/v o (99)




square sum E of the error is defined as equation (105)_ 22 Decenber 2005 -
173 12 E=L ej2 j=01 (105 In order to mnimze the error, thgéﬁ@r?bﬂ
differential value using the variable Fk with respect to the §b E
- of the error should be 0. Fk is determned so 5 that equation (106) i5s
satisfied. 8E 12 aej =2 Eej -Fk j=01 aFk 12 08 2- 1{(g - Zai -.F /'v)
(-akj / v j=01 1=01 In equation (106), = 0 (106) since the anount of
novenment v is a fixed value, equation (107) can be deduced 12 08 Y. akj (G -

- Eaij - Fi/fv) =0 j-01 1=01 (107) 10 To expand equation (107) and transpose
the terns, - 17z -
Cll = 0eF01/w+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0OF06/v+1eF07/v+1eF08/v A (100)
Cciz = O-F01/v+0-F02/v+00F03/v+0-F04/V+0-F05/v
| +0eF06/v+0eF07 /v+1eF08 /v . (101}
5 Equations (90) through (101) can be expressed by
equation (102).
a8 .
Cj= D aij-Fi/v | (102).

i=01

In equation (102), j designates the position of the
{‘”{ pixel. 1In this example, j has one of the values from 1 to
10 12. In equation (102), i designates the position of the
foreground value. 1In this example, i has one of the values
from 1 to 8. 1In equation (102), aij has the value 0 or 1
according to the values of i and j.
Equation (102) can be expressed by equation (103) in

15 consideration of the error. .

08
Ci= D aij-Fi/v + ej (103)

i=01

In equation (103}, ej designétes the error contained in
the designated pixel Cj.

Equation (103) can be modified into equation (104).

a8 ’ .
20 ej=Cj— D aij-Fi/ v (104

i=01

In order to apply the method of least squares, the

square sum E of the error is defined as equation {105).




“equation (108) can be obtained. 12 09 12 j(al . alFi )zvEaldnipet i =61

" obtained ei ght equations can be expressed by one matrix equati on.

j=01 (108) Equation (108) is expanded into eight equations by st Ituting
the individual integers from1l to 8 intok in 15 equati on (108)_ The
[ Thi s

equation is referred to as a "normal equation”. An exanple of the nornmal
equation generated by the equation generator 803 based on the nethod' of
| east squares 20 is indicated by equation (109): 2.2 DEC 20% - 17.4 12 11
i=02 0554321000F0L 45432100F02 34543210F03. 2
3454321F04 123454325 -01234543F06 0012345

4 FO7 00012345F3®8.

12 .
E = ) ef | (105)

j=01
L e

In order to minimize the error, the partial
differential value using the variable Fk with respect to the

square sum E of the error should be 0. Fk is determined so

5 that equation (106) is satisfied.

R
— =2-> e
Fk ’55:1 > (106)

Z{(Cj - Zalj Fi /v)-(-akj/ v) =

j=01 i=01

L‘M In equation (106}, since the amount of movement v is a

fixed value, equation (107) can be deduced.

12 8 .
2. akj - (€5 - Dlaij-Fi/v) =0 (107)
j=01 i=01

10 To expand equation (107) and transpose the terms,

equation (108) can be obtained.

4

Z(alg Zay Ft)—vZaIg Cj ! | (108)

Jj=01 =0 J=01-

Equafion (108) is expanded into eight equations by
substituting the individual integers from 1 to 8 into k in
15 equation (108). The obtained eight equations can be
expressed by one matrix equation. This equation is referred
to as a "normal equatign".
An example of the normal eQuation generated by the
equation generator 803 based én the method of least squares

.20  is indicated by equation (109).




VYC i=07 10 EC i=06 09 08 (109) 07 06 ICij  i=01 Wien equation
(109) is expressed by AF=vC, C, A, and v are known, and 1 is unknown. A
and v are known when the nodel is forned, while C becones knowen2 wEemppshe
pi xel value is input in the addition processing. By calculating the

f oreground conponents according to the nornmal equation based on the nethod
of least squares, the error contained in the pixel C can be distributed.
The equation generator 803 supplies the nornal equation. 10 generated as
di scussed above to the adder 804 _The adder 804 sets, based on the unit of
processing supplied fromthe unit-14 processing determ ning portion 80.1,
the pixel value C contained in the foreground conponent inmage in the matrix
equation supplied fromthe equation_ 15 generator 803. The adder 804

supplies the matrix in which 22 Deceﬁ?%& 2005
7 i=08
Tl _ -
[5 4 3 2.1 0 0 o]Fox iz
454321 0 0]F02 D.ci
3 45 43 2 1 0fF03. iy
2 345 43 2 1fro4a| ;ﬁm
12345432F05fv'§ic, _ (109)
: . |
0 1 2 3 4 5 4 3i1r06 i=04
’ 07
0 0 1 2 3 4 5 4)F07 , Zc:i
00001 2 3 4 5|F08 1=22
Y. ci
/‘/ i=02
H | - > ci
 i=01 ]

When equation (109) is expressed by_A0F=v¢C, C, A, and v
are known, and F is unknown. A and v are known when the
model is formed, while C becomes known when the pixei.value

5 is input in the addition processing.

By calculating the forgground components according to
the normal eguation based oﬁ the method of least squares,
the error contained in the pixel C can be distributed.

The equation generator 803 supplies the normal eqﬁation

10 generated as discussed above to the adder 804.

The adder 804 sets, based on the unit of proéessing
supplied from the'uﬁitmof—processing determining portion 801,
the pixel value C contained in the foreground component
image‘in the matrix eqdation supplied from the equation

15 generator 803. The adder 804 supplies the matrix in which
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- 175 the pixel value Cis set to a cal cul ator 805. I r 805
cal cul ates the foreground. conponent Fi/v from which %ﬂ; -?%e?ihg#&r%igs '
elimnated by the processing based on a solution, such as a sweep-out
met hod (Gauss 5 Jordan elimnation), so as to obtain Fi corresponding to i
indicating one of the integers from1l to 8 which is the pixel value from
whi ch notion blur is elimnated- The calculator 805 then outputs the

f oreground conponent inage consisting of the pixel values Fi wthout
notion blur, such as that in Fig. 82, to a notion-blur adder 806 and a
sel ector 807. In the foreground cofdgénént image without notion blur shown
in Fig. 82, the reason for setting FOL through FO8 in (C03 through C O
respectively, is not to change the position 15 of the foreground conponent
i mge thd pireapecii s d e et Howmailatd d4¢w ough FO8 nmay be set in
any desired positions. The notion-blur adder 806 is able to adjust the
anount  of Thet calichliurobky 8addicag cuhe tasDuhle \Fo reyyrodhdcomn@nthbl ur s
adj usted, which is different fromthe.anount of mevenedt 20 v, for
exanplFd,/ vt Hecameinitcty 'matyi ashikdhamits el iMiura iesd asl uSiechroddsdidg one hal f
t he value of the amount of novenment v, or the anmount v' by which notion
bl ur basegdjons Bedolntiich i sualr @levamwaap—dute nendunt  favmsenent.v_ For
exanpl e, as shown in Fig_ 83, the notion-blur adder 806 25 divides the

f of egPOFdpisldmipgitieonyi, Wa Reuttomobiterim|Rir doyrespddER R0® i 176

indicating one of the integers from 1 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component imaée
cénsisting of the pixel values Fi without motion blur, such
10 as that in Fig. 82, to a motion-blur adder 806 and a
selector 807, |
In the foregroqnd component image without motion’Blur
.sh0wn in Fig. 82, the reason for setting F01 through F08lin

CO03 through Cl0, respectively, is not to change the position

15  of the foreground component image with respect to the screen.

However, FOl through F08 may be sét in any desired positions.
The motion—blur adder 806 is able to aéjust the amount
of motioniblﬁr by adding the amount v by which motion blur
is adjusted, which is different from the amount of movement
20 v, for example, the amount v' by which motion blur is
adjusteéd, which is one half the Vélue of the amount of
movement v, or the amount v' by which motion blur is
adjustéd, which is irrelevant to the amount of movement .v.
'Fof-example, as shown in Fig- 83, the motion-blur adder 806

25 divides the foreground pixel value Fi without motion blur by




the amount v' by which nmotion blur is adjusted so as to obtain.the :
f oreground conponent Fi/v'. The notion-blur adder 806 then'czl @tﬁ@ t he
sum of the foreground conponents Fi/v', thereby generating the prx al ue

~in 5 which the anount of notion blur is adjusted. For exanple, when the’

anount- v' by which notion blur is adjusted is 3, the pixel value C02 is
set to (FOl)/v', the pixel value C3 is set to (FOB.+F02)/Vv , the pixe
value Q04 is set to (FO1+F02+F03)/v', and the pixel value CO5 is set to
(FO2+FC83+FO4) /v' The notion-blur adder 806 supplies the foreground
conponent image in which the anount 16 rotion blur is adjusted to a

sel ector 807. The sel ector 807 selects one of the foreground 15 'conponent
i mage W thout notion blur supplied fromthe calculator 805 and the

for egr ayad aGEURRNEA! bl MRHS el GR phRE: aTDURS QL RLLOR,DLUr S adj ust ed
supplied fromthe i on-blur ad based-on & salecti on si gnal

ref'erbﬁﬁlnatH§eEo§e§§bﬁﬁh'%Bmp@ﬂ@n@u%EVES thens eﬁ@%ggﬁ _pepgoround 20
conponent image As discussed above, the notion- Jjqasting unit 106 is-

abl e t adadjrugbst bReAMBHNELOE BB kAR BhE oRased QBrEB@oﬁﬁheCt' on signal and
t he amount v' by which notion blur is adjusted 25 Al so, for exanple,

when t kempunbatsofipixel shazebecgehera20y thé751x§9r5§§98nﬂhn9 to the unit

of processing is 8, and the anpunt
5 which the amount of motion blur is adjusted. For example,

when the amount v' by which motion blur is adjusted is 3,
the pixel value ¢02 is set to (FOl)/v‘; the pixel value C3
is set to (F01+F02)/v', the pixel vélue C04 is set to

" (FO1+F02+F03) /v', and thé pixel value C05 is set to

410 (FO2+F03+F04) /v

The motion-blur adder 806 supplies the foreground
component image in which the amouﬁt of ﬁotion blur is
adjusted to a selector 807.

The seleétor 807 selects one of the foreground

15 ~component imqge without motion blur supplied- from the
calculator 805 and the foreéround component image in which
the amount of motion blur is adjusted supplied from the
motion—biur adder 806 based on a selection'signal reflecting
a user's selection, and outputs the selected foreground

.20 component image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.

25 . Also, for example, when the number of pixels




of novenment v is 4, as shown in Fig. 84, the notion-bWeceatlpuz0dsng unit
106 generates a matri x equation expressed by equation (110). F 08 -1 4 3 2
10F01 34321F02523432F03 12343F0401234FO5 wyv
V. 07 FCG i=04 06 XC i=03 (110) 04 In this manner, the notion-blur
adjusting unit 106 calculates Fi, which is the pixel value in which the
amount of notion blur is adjusted, by setting up the equation in

accordance with the length of the unit of processing 10 Simlarly, for
exanpl e, when, the nunber of pixgli7§ogtained in the unit of processing is
100, the equation corresponding t 00 pixels is generated so as to
calculate Fi. Fig. 85 illustrates an exanple of another configuration

corresponding to the unit of processing is 8, and the amount

of movement v is 4, as shown in Fig. 84, the motien-blur

LEv

adjusting unit 106 generates a matrix equation expressed by

equation (110).

[~ o8

Y ci

1=05
[4 3 2 1 ofFo1 ici
3 4 3 2 1]JF02 i;qu
5 2343 2(F03]=v-[Yci (110)
1 2 3 4 3|F04 oo |
; 0 1 2 3 4§F0S D.ci

‘ - L - i=02

A 04
: Yci

i i=01 _

In this manner, the motion-blur adjusting unit 106
calculates Fi, which is the pixel value in which the amount
.of motion blur is adjuéted, by setting up the equation in
accordance with the length of the unit of.processing.

10 Similarly, for example, when;the number of pixels contained
in the un;t of processing is 1040, thé equation corresponding
to 100 piiels is generated so as to calculate Fi.

_Fig. 85 illustrates an example of another configuration
of the motion-blur adjusting unit 106. The same elements as

15 those shown in Fig; 79 are designated with like reference
nuﬁerals,~and an explanation thereof is thus omitted.

Based on a selection signal, a selector 821 direétly
supplies an input motion vector and a positional signal

. thereof to the unit—of—processing determining portion 801




of the notion-blur adjustfhg unit 106. The sane elenents as 15 those shown
in F-ig. 79 are designated with |like reference nunerals, and an ex&%gq&&idn

thereof is thus omtted. Based on a selection signal, a sel ect dr?

directly supplies an input notion vector and a positional signal thereof
to the unit-of-processing determning portion 801 2, 2 DEC 2005 - 178 5
and the nodel -form ng portion 802 _ Alternatively, the selector 821 may
substitute the magni tude of the notion vector by the anpunt v' by which
notion blur is adjusted, and then supplies the notion vector and the

posi tional signal thereof to the‘uth-bf-processing determ ni ng portion
801 and the nodel-form ng unit 802. Wth this arrangenent, -the
unit-of--processing determ ning portion.801 through the cal cul ator 805 of
the nahionhbl Modat| BothDEgUPbEt 166 802WN ADtELGat BPeBye ghke to adj ust

t he anobunt of notion blur I n accordance with the anount of novenent v and
t he anpahecibrb§? whineh smbsobtbtar thé smaghusued. oFothexaspieén When the
anmount of novenent is 5, and the amount v' by which ndtion blur is

~adj ustedcter3byt hiee amotndfvpriogeskiolg deteom hiluwmg poriadpns86d, t hrough t he

15 cal cul ator 805 of the notion-blur adjusting unit 106 shown in Fig. 85
execut @ndohpem at tppl bes t blee foe e uneEc torpandnthe | peget ionahi ch t he- anount
of novenment v is 5 shown in Fig. 81 according to the nodel shown in Fig_
837 n HHFEHL t HeeTepburr Vhe byn ik efrpeR Fons bhardésemn} nsr@deostBon As a
801 and the model-forming unit 802. '
With this arrangement, the unit—of~pr0ce€§iné
determining portion 801 through the calculator 805 of thé
. motion-blur adjusting unit 106 shown in Fig. 85 are able to
”&i) adﬁust the amount of motion blur in accordance Qith the
amount .of movement v and the amount v' by which motioﬁ‘blur
is adjusted. For example, when the amount of movement is 5,
and the amocunt v' by wﬁich motion blur is adjusted is 3, the
unit-of-processing determining portion 801 through the
_15 calculator 805.of the motion-blur adjusting unit 106 shown
in Fig. 85 execute computation on the foreground component
~image in which the -amount of movement v is 5 shown in Fig.
- 81 accoréing to the model shown in fig. 83 in which‘the
amount v' by which motion blur is adjusted is 3. As a
290 result, the image contaiﬁing moticon blur having the amount
~of movement v of (amount of movement v)/(amount v' by which
motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.
In this case, the calculated image does not contain motion

blur corresponding to the amount of movement v of 3.

25 Accordingly, it should be noted that the relationship
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20 result, the inmage containing notion blur having t e péseider Pogpvenent v
of (anount of novenent v)/(anmount v' by which notion blur is adjusted) =
5/3, i_e., about 1.7.is obtained. In this case, the cal cul ated i mage does
not contain notion blur corresponding to the anmount of novenent v of 3 25
Accordingly, it should be noted that the relationship 22 Decenber 2005 1 -
179 Dbetween the anount of novenent v and the anmount v' by which notion
blur is adjusted is different fromthe result of the nofion-blur adder 806.
As di scussed above, the notion-blur adjusting unit 106 5 generates the
equation in accordance with the amduft —of noverment v and the unit of
processing, and sets the pixel values of the foreground conponent inmage in
the generated equation, thereby calculating the foreground conponent inmage
in Whikthcddig amRURInRin tRld abRintnd S adidustied JFRR Ay Qeess) g f@r adj usting
t he anount of notion blur contained in the foreground conponent inmage
executed iy @ matd eRbhldvedd)sustii e ettt 100G ithdesaEiihed hehew wi th
reference to the flowhart of Fig_86. In step S801, the unit-of-processing
det er motiirmg -1 ypokidder &@k .of the notion-blur adjusting unit.106 generates .
the unit of processing based on the notion vector and the area

i nformat i oAs dndcsapplli ebovhe @gbrematédnuhiltirobdpueceasgi ngitoldhe
nngel-forning portion 802. '

generates the equation in accordance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated.

equation, thereby calculating the foreground component image

in which the amount of motion blur is adjusted.

N
fan]

The prqcessing for adjusting the amount of motion blur
contained in the foreground component image executed by the
motion-blur édjusting unit 106 is described below with

. reference to the flowchart of Fig. 86,
In step S801, the unit-of-processing determining
15 portion 801 of the motion-blur adjusting unit 106 generates
the unit of processing bésed;on the motion vector and the
- area information, and supplies the generated-unitlof
processiné to the model-forming portion 802.
In step 5802, the model-forming porticn 802 of ﬁhe
20 motion-blur adjusting unit 106 selects or generates the
model in accordance with the amoﬁnt of movement v and the
- unit of processing. In step S803, the equation generator
803 generates the normal equation based on the selected
model .

25 .. In step 8804, the adder 804 sets the pixel values of




In step S802, the nodel -formng portion 802 of the 20 notion-blur

adj usting unit 106 selects or generates the nodel in accordance2 DBCtd®
anount of novenent v and the wunit of processing. In step 5803, the )
equation generator 803 generates the normal equation based on the sel ected
nodel 25 , In step S804, the adder 804 sets the pixel values of 2 2 DEC
2005 - 180 the foreground conponent image in the generated nornal

equation- In step S805, the adder 804 determ nes: <whether the pixel values
of all the pixels corresponding to the unit of processing are set. If it
is deternined that the pixel 5 varuk8%of all.the pixels corresponding to
‘the unit of processing are not yet set, the process returns to step S804,
and the processing for setting the pixel values in the nornmal. equation is
repeat etle Ebreyrbandetempbnedti hmagepiv8ehet hahetheepi X8km¥al ues of al

the pixels corresponding to the unit of processing are set, the process
proceedquebistep $806tepnss80ep SBO6addthesoal aukakain885waatrukat es the

pi xel values of the foreground in which the anpbunt-of Adtion blur is

adj ust e bhzsed valthe nbrabl theapivalisncehirehpbhdipixeb vakuesiare 15 set

supplied fromthe adder 804. The processing is then conpleted. As
di scusSédrapevesingeanst $oh- bl Uf atj ust dageuminedO6hatsthbl pikeladj ust the
amount of notion blur of the foreground inmage containing notion blur based
on X heVabtepnef all the pixels corresponding to the unit of

processing are not yet set, the process returns to step 5804,

and the processing for setting the pixel values in the

normal equation is repeated.

If it is determined in step S805 that the pixel values

of all the pixels corresponding to the unit of processing

are set, the process proceeds to step S806. In step S806,
the calculator 805 calculates the pixel values of the
foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel values are
15 set supplied from the'adder 804. The processing is then
. completed.

AS'discussed above, tﬁe motion-blur adjusting unit 106
is able fo adjust the amount of motion blur of the
foreground image containing motion blur based on the motion’

20 vector'and the area information.

That is, it is possible to adjust the amount of motion -
blur contained in the pixel‘values, that is, contained in
sampled daté.'

Fig. 87 is a block diagram illustrating another example

25 of the configuration of the motion-blur adjusting unit 106.
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vt

20 vector and the area information That is, it is pos® béeniteradpsst the
anmount of notion blur contained in the pixel values, that is, contained in
sanpl ed data. Fig. 87 is a block diagramillustrating another exanple 25
of the configuration, of the notion-blur adjusting unit 106. 22 Decenber
2005 - 181 The notion vector and the positional information thereof"
supplied fromthe notion detector 102 are supplied-to a wunit-of-processing
determining portion 901 and an adjusting portion 905. The area information
supplied fromthe area 5 speC|fy|ng unit 103 is supplied to the

uni t - of - processi ng 15 deternini ng p8Ltion 901. The foreground conponent

i mage supplied fromthe foreground/ background separator 105 is supplied
to a cal culator 904. The unit-of-processing determ ning portion 901

gener ghes mbhe ounivkc@brphaaesaENgoeA tiBaahasheoPhathenMhEPAFVeCt o, the
positional information thereof, and the area information and supplies the

gener atipgluniit Febuptacensiign deegether 1ont Breheupplien-y¥echor, to a
nodel -form ng portion 902_ The nodel -form ng por+ion 902 forns a nodel
baseduomat-blfeprotieeniugctioteandntihg ppptitonndd1oknar asesaijagriMgr e
specifically, for exanple, the nodel-formng portion 902 may store in
advan@eréiphuﬁaﬁityTbé apdel $nfnrastdrdanupphiied froe bheberesf pixels

contained in the unit of processing,

specifying unit 103 is supplied to the unit-of-processing

determining portion 901. The foreground component image

supplied from the foreground/background separator 105 is
supplied to a calculator 904. |
The unit-of-processing determining portion 901

30 generates the unit of processing on tﬁe basis of the motion
vector, the positional informétion thereof, and the area
information and supplies the generated unit of processing,
together with the motion vector, to a model-forming portion
902.

15 ' The model-forming portion 902 forms a model based on
the motion vector and thé iﬁéut unit of processing. More
specifically, for example, the model-forming portion 902 may
store in édvance a plurality of models in accordance with
the number of pixels contained in the unit of processing,

20 the number of virtual divided portions of the pixel value in

- the time di;eétion, and the number of foreground components
for each pixel. The model-forming portion 902 selects the
model in which the correlation betwéen the pixel values and
the foreground components is designated, such as that in Fig;

25 - 88, based on the unit of processing and the number of




e,

20 the nunber of virtual divided portions of the pixel value in the time
direction, and the nunber of foreground conponents for: each p| ﬁhﬁﬂ
nodel -form ng portion 902 selects the nodel in which the correlatlo 5
bet ween the pi xel values and the foreground conponents is designated, such
as that in Fig_ 25 88,.based on the unit of processing and the nunber of 2
2 DEC 2005 -- 18 2 wvirtual divided portions of-the pixel value in the tine
direction. It is now assuned, for exanple, that the nunber of pixels
corresponding to the unit of processing is 12, and 5 that the amount of
nmovenent v is 5. Then, the nodel -fok8& ng portlon 902 sets the nunber of
virtual divided portions to 5, and selects a nodel forned of eight types
of foreground conponents so that the |eftnost pixel contains one

f or egreupduLPMPORENd Sdiee 55cONr pt%@'piwin&mé elfrg ttr{ié)“Ef}ﬁé‘S two

f oreground conponents, the third pixel fromthe contains three

f or egrolnel-cnsponents, the fourth pixel fromthe |eft .contains four pixel
conponents, the fifth pixel fromthe |left contains five foreground '
conponent s,Itt e nsiwktaspimerl, fAoamd:hendief t taenrt aihrs niinwe £ erreground 15
‘conponents, the seventh pixel fromthe left contains five foreground
conporeirs] s tdver mighitdipigeto ftom ddet | @f tpeosd-ai ingy fiy e f oragr ound
conponents, the ninth pixel from the left contains four foreground
cofporiénit’s, theheimaantth o imaetenerom ¢ hiss |%ef t Tont aitise mivdza ffaregmeund

conponents,. 20 the eleventh pixel fromthe left contains two foreground
portion 902 sets the number of virtual divided portions to 5,

and selects a model formed of eight types of foreground

components so that the leftmost pixel contains one

foreground component, the'second pixel from the left

{“&O contains two foreground componenté, the third pixel from the
ieft cdntains three foreground components, the fourth pixel
from the left contains four pixel Compoﬁénts, the fifth
pikel from the left contains five foreground components, the
sixth pixelrfme the left contains five foreground

15 componenté, the seventh pixel from the left contains five
foreground components, the éighth pixel from the left
cbntains_five foreground components, the ninth pixel from
the leftvcontains four foreground components, the tenth
pixel from the left contains three foreground components ,

20 the eleventh pixel from the left contains two foreground
~components, and the twelfth pixel from the left contains one
foreground component.

Instead of selecting a model from the prestored models,
the model-forming portion 902 may generate a model based on

25 the motion vector and the unit of processing when the motion
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conponents, .and the twelfth pixel fromthe |eft contaaSe@ider 2005

f or egr ound- conponent I nstead of selecting a nodel fromthe prestored- -
nodel s, the nodel-form ng portion 902 may generate a nodel based on 25
the.notion vector and the unit of processing when the notion 22 Decenber
2005 - 183 vector and the unit of processing are supplied. An equation
generator 903 generates an equation based on the nodel supplied fromthe
nodel -form ng portion 902- A description is now given, with reference to

the nodel s of foreground conponent inages shown in Figs. 88 through 90, of

an exanpl e of the equation generat&83by the equation generator 903 when
t he nunber of foreground conponents is 8, the nunmber of pixels
corresponding to the unit of processing is 12, and the anount of novenent v

s Sovebkor0afiennLhanlor agr Aund.coTgnants sagghabped 11 the foreground

conponent i nmage correspon to the Shutter are FA /v through

FO8/ v, theaﬁeé@&a9ﬂ§@l@@néﬁswgﬁngofcgéﬂe£§£@gggnFQéﬁgtﬁ8§8§ g4 values COL

through Cl2 can be expressed by equations (78) throug as stated

aboveoch5tBY¥ measidenppdithe rRoweknuahsas1CirandgChbrtibBa poxel val ue CL2
contains only the foreground component FO08/v, as expressed.by equation

(111), anda tdesixetionl e K3d greas] siscefréheronoducs swen of the
foreground conponent F08/v and the foreground conponent FO7/v.
Actordpdgly, of ho28gtonadr aungonenponeayeEOZhuwaannbeifeundgby equation
(112): FO08/v C12 (111)

through 90, of an example of the equation generated by the

equation generator 903 when the number of foreground
components is 8, the number of pixels corresponding to the

unit of processing is 12, and the amount of movement v is 5.

!::3—'“»‘ .
o

When the foreground components contained in the
foreground componenf image corresponding to the shutter
time/v are F01/v through F08/v, the relationships between
F0l1/v through F08/v and pixel values C01 througﬁ Cl2 can be
-expressed by eguations (78) throﬁgh (89), as stated above.
15 By considering the‘pixel values Cl1l2 and Cl1, the pixel

value C12 contains only ﬁhe:foreground-component FO8/v, as

expreséed:by eduétion (111}, and the pixel wvalue Cil
consists of the product sum of the foreground component

F08/v and the foreground component F07/v. Acéordingly, the
20 foreground component F07/v can be .found by-equatioﬁ (112);
FO08/v = C12 C(111)
F07/v = C1l1-C12 | : (112) -
Similarly, b? considering the foreground components

contained in the pigel'values Cl0 through €01, the

25 foreground components F06/v through F0l1/v can be found by




FO7/v = d1-Cl2 (112) Simlarly-, by considering the foreground conponents
contained in the pixel values ClO through-CO, the 25 foreground conponent s
FO6/v through FO /v can be found by Z-2 DEC 2005 - 184 equatlo PEQ 3906
through (118), respectively. F06/v = Cl10-Cll. (x.13) FO5/v = C09- C10 (114)
FO4/v = C08-C09 (115) 5 FO3/v = C07-C0O8+Cl2 (116) FO02/v = CO6-CO7+Cl1-C12
(117) FO1l/v = C05-C6+A OG- A1l (118) The equati on generator 903.generates
the equations for <calculating the foreground conponents by-the difference
bet ween the pi xel values, as indicated by the exanples of equations (111)
t hrough (118). The equation generatb$4903 supplies the generated equations
to the calculator 904. The cal culator 904 sets the pixel values of the
foreground conponent image in the equations supplied from 15 the equation
generaé@naeﬂan§0(ﬁ§3i0t@b@@?ﬂ thesf or egspeledi veppponent s based on the
equations in which the pixel values are set. For exanple, when equations

(111) throughaﬁﬂkSkn&F&nﬂuppl|ed fromthe. equation gepegptor 903, the
cal cul ator - 904 sets the pixel values Q05 through--C12 i*nh equations (111)

- 20 t hrough KOtA) = Te9-galccul ator 904 cal cul ates the foregyound conmponents’

based on the equations in which the pixel values are set.

F04/v = C08-CO09 (115)
5 ~ F03/v = C07-C08+4C12 | (116)
FO02/v = C06-C07+C11-C12 (117)
F0l1/v = CO05-C06+C10-Cl1 (118)

The equation generator 903 generates the equations for

calculating the foreground components by the difference

”310 between the pixel values, as indicated by the exampies of

equations (111) through (118). The equation generator 903
supplies the generated equations to the calculator 204.
The calculator 904 sets the pixel values of the
foreground component image in the equations supplied from
15 ﬁhe equation generator 903 30 as to obtain the foreground
compopents based on the equations in which the pixel values
are.set. For example, when eqguations (111) through (118)
are suppiied from the equation generator 903, the calculator
904 sets the pixel values C05 through C12ﬂ1£ é&&étions {111)
20 through (118). |
The calculator 904 calculates the foreground components
baéed on the equations.in which the pixel values are set;
For example, the calculator 904 calculates the foreground
componenté F01/v through F08/v, as shown in Fig. 89, based

25 on the calculations of eguations (111) through (118) in
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For exanpl e, the cal cul ator 904 cal culates the foregﬁﬁUh&mn&mnpomﬁnts-FOl/v
through FO08/v, as shown in Fig. 89, based 25 on the calculations of -
equations (111) through (118) in 22 Decenber 2005 - 185 5 which the pixel

-val ues C05 through Cl12 are set. The cal cul ator 904 supplies the foreground
.conponents 'A /v through FO8/v to the adjusting portion 905. conponents

FA /v through FO8/v by the anmount of novenent v, 1i.e., 5 so as to obtain

the foreground pixel values FO1 The adjusting portion 905 nultiplies the

foreground conponents supplied fromthe cal culator 904 by the anmount of
nmoverment v contained in the notiont¥ector supplied fromthe
unit-of - processing determ ning portion 901 so as to obtain the foreground
pi xel values fromwhich notion blur is elimnated. For exanple, when the

f or egwhintt chepphierlsvakQesv COlr ahglyug@S8/o1 2ake eSyppl.i ednir om t he cal cul at or

904, the adjusting portion 905 nmultiples each of the foreground through
FO8 f caficmiiatlkrmdbidonubbll eiss thlel for@igadunds cohpanents #F01Fvg. 90. The
adj usting portion 905 supplies the foreground conrponent.'inmage consisting
of t h&htenglr §@8dvpitrekheakdds swiitigogpo mdpinoA0Bl.ur cal cul ated as descri bed
above to a notion-blur adder 906 and a sel ector 907. 20 The notion-bl ur
adder 906 Theapiipusbingjpertipe Afdbumulteplaesi bhebfaresyousdng t he anount
v'_ by which notion blur is-adjusted, which is different fromthe anount of
movenERppPonents supplied from the calculator 904 by the amount of
movement v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain
the foreground pixel values from which motion blur is
eliminated. For example,'when the foreground components
iO FO01/v through F08/v are supplied from the calculator 904,

the adjusting portion 905 multiples each of the foreground

components F01l/v through F08/v by the amount of movement v,

i.e., 5, so as to obtain the foreground pixel valués FO1

through F08 from which motion blur is eliminated, as shown
15 in Fig. 90.

The adjusting portion 905 supplies the foreground

cdmponentfimage consisting of theé foreground pixel values

without motion blur calculated as described aboﬁe to a

motion-blur adder 906 and a selector 907.
20 The motion-blur adder 906 is able'to‘adjust.the amount

of motion blur by using the amount v'.by which motion blur

is adjusted, which is different from the amount of movement

v, for example, the amount v' by which motion blur is

adjusted, which is one half the value of the amount of

' 25 movement v, or the amount v' by which motion blur is
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v, for exanple, the anbunt v' by which notion blur is adjusted, which is
one half the value of the anmount of 2.5 novenent v, or the. anount v' by
whi ch notion blur is 2, 2 DEC - 186 adjusted, which is irrelevag%ybg t he
anount of novenent v. For exanple, as shown in Fig. 83, the ' C 2005
not i on- bl ur=adder 906 divides the foreground pixel value Fi w thout notion
blur by the anmount v' by which notion blur is adjusted so as to 5 obtain
t he foreground conponent Fi/v'. The.notion-blur adder 906 then cal cul ates
the sum of the foreground conponents Fi/v', thereby generating the pixel
value in which the amount of notTokblur is adjusted. For exanple, when
the anobunt v' by which notion blur is adjusted is 3, the pixel value Q2 is
set to (FOl1)/v the pixel value C3 is set to (FO1+FQ2)/v', the pixel val ue
Q04 i sadgtisted, (¥ k024 FBYévevaanded hendi xpbuNal ¥€. £96ehsntel o

(FO2+FQB3+FO4) /v' The notion-blur adder 906 supplies the foreground 15

-

conponEar eragelén adi shotvheianbigt 3, Nohé oo bl ti—bhBuragdiigstegigg o t he
sel ector 907. The sel ector 907 sel ects either the.foreground conponent.

i mage divhdes hinti Howrdyuousdippliel fabuethe atilstt ngopdohi BDuBOS5y or the
f oreground conponent image in 20 which the amount of notion blur is

“adj ust Ede sappiRedv f riem whheh e §oer bhlner atlderd POStddsed am @osel ection

signal reflecting a user's selection, and outputs the selected foreground
CO%bOﬂ%QFa+?ﬁ&ﬂﬁ oreground component Fi/v'. The motion-blur -

adder 906 then calculates the sum of the foreground
components Fi/&ﬁ, thereby generating the pixel value in
which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is édjusted is 3,
hO the pixel value C02 is set to (FOl)/v*', the pixel value C3
is set to (F01+F02)/v', the pixel value C04 is set fo
(FO1+F02+F03) /v', and the pixel value‘Cos is set to
- (FO2+F03+F04) /v*.
The motidﬁwblur adder 906 supplies the foreground
15l- compoﬁent image in which the amount of motion blur is
adjusted to the selector 90?. |
The selector 907 selects either the foreground
componenf image without motion blur supplied from the -
adjustingrportion 905 or the foreground component image in.
20 which the amount of motidn blur is adjusted Supplied from
the motion-blur adder 206 based on a seleetipﬁ signal
reflecting a user's selection, and outputs the selected
foreground component image.
As discussed above, the motion-blur adjdsting unit 106

25 1is able to adjust the amount of motion blur based on the
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As di scussed above, the motion-blur adjusting unit 106 p&ni b%ré@(b@ to
adj ust' t he anount of notion blur based on the 22 Decenber 2005 -

sel ection signal and the armount v' by which notion blur is adjusted, The
processing-for adjusting the anmount of notion blur of the foreground :
executed by the notion-blur adjusting unit 106 configured as shown in Fig.
87 is described belowwth reference to the flowhart of Fig.-91. In step
S901, the unit-of-processing determning portion 901 of the notion-blur
adjusting unit 106 generates the unit of processing based on the notion
vector and the area information, "aA87sapplies the generated unit of
processing to the nodel -form ng portion 902 and the adjusting portion 905.
In step 5902, the nodel-form ng portion 902 of the notion-blur adjusting
unit %@6eselieat sighagenaatide bhoubth Rodely agcondinda ild theranmmunt of
novenent v and the unit of processing. Instep 5903, the equation generator
903 gdadesakas. based on the selected or generated nodel, the equations
for calculating the foreground conponents by the -difféfence between the

pi xel val ueke oprdbhessdnggfoundd20scangonbrt ampage. oEnmstepnSBO4r t he

cal cul ator 904 sets the pixel values of the foreground conmponent inage in
t he geﬁetheeﬁogquaphodsexe&n&@dxbﬂa@h@ o ifoar-dduau rd jostpae mng. thy

using' the difference between the pixel values based on the equations
5 106 configured as shown in Fig. 87 is described below with

reference to the flowchart of Fig. 91.

In step 5%01, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 106 generates
the unit of processing baSed on the motion vector and the

area information, and supplies the generated unit of

)
]

processing to the model-forming portion 902 and thé
adjusting portion 905 .
In step 5902, the model-forming portion 902 of the

motion-blur adjusting unit 106 selects br generatés the

15 model according to the amount of movement v and the unit of
processing. In step 8903, the equation generator 903
-générates, based on the selected or generated model, the
equations.for calculating the ﬁoreground components byﬂthe

difference between the pixel values of the foreground

20 component image.

In step S904, the calculator 904 sets the pixel values
of the foreground component image in the generated equatlons,
and extracts the foreground components by using the
difference between the pixel values based on the equations

25 in which the pixel values are set. In step 5905, the




25 in.which the pixel values are set. In step 5905, the 2-2 DEC 2 . - .188
cal cul at or 904 determ nes whether all the foreground conponents o
corresponding to the unit of processing have been. extract ed-23 DECt 28055

. determned that all the foreground conponents corresponding to the unit of
processing have not 5 been extracted, the process returns to step 5904, and
the processing for extracting the foreground conponents is repeated. If

it is determned in step S905 that all the foreground ¢onponents
corresponding to the unit of processing have been extracted, the process
proceeds to, step S906. In step 590658 the adj usting portion 905 adjusts
each of the foreground conponents FO /v through FO8/v supplied fromthe
-cal cul ator 904 based on the anmpbunt of novenent v so as to obtain the

f or egr ceddupakek 9akuestEGhivet hwhegheFOBLY ke f foreqhbehgnotion blur is
elimnated. .In step-S907~, the notion-blur adder 906 cal cul ates the

f or egr-6@mEOpERES vakvespondivhg cho t hiee anmiint o Hf p 1ot ¢ 0di dod Wiavé Shesh ust ed,
and the sel ector 907 selects the inmage without = netion blur or the image in
whi ch BRérafbedt offnbti bn d¢termdnéd Bl usdkl, tlandf outgubend he sel ected
i mage. The processing 1is then conpleted. As described above, the

not | onSBTEPRERFEsEPRECTIPRRALDSG teoblie gurbtl @ BtwwssinFiltav@Tas able to

nor 3$eedi|¥ ad{ust nmotion blur of the foreground i nage contai ning notion
25 Dl uPSERcOFHFAGEed: st RFOEHTHUTREREMS . to Step 5904, "and the

processing for extracting the foreground components is
repeated.
If it is determined in step S$905 that all the
foreground cempenents corresponding to the unit of
5ﬁ0 processihg have been extracted, the pfocess proceeds to step
5906. 1In step 5906, the adjusting portion 905 adjusts each
of the foreground components F0l/v through F08/v supplied
from the calculator 904 based on the amount of movement v so
as to obtain ﬁhe foreground pixel values F01/v through F08/v
15 _from which motion blur is eliminated.

In step-5907, the motioh—blur adder 906 calculates the
foreground pixel values in which the amount of motion blur
is adjusfed, and the selector 907.selects the image without
motion blur orAthe image in which the amount of motion blur

20 is adjusted, and outputs £he selected image. The processing
is then completed.

As described above, the mdtion—blu; adjusting unit 106
configured as shown in Fig. 87 ie able to more speedily
adjust motion blur of the foreground image containing motion

25 Dblur according to simpler computations.
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22 Decenber 2005 - 189 A known techni que for parti al |2 mideribeadgsy notion
blur, such-as a Wener filter, is effective when being used in the ideal
state, but is not sufficient for an actual inmage quantized and contai ni.ng
noise. In contrast, it is.proved 5 that the notion-blur adjusting unit 106
configured as shown in Fig. 87 is sufficiently effective for an actual

i mge quantized and containing noise. It is thus possible to elimnate
nmotion blur with high precision. As described above, the separating portion
91, which is configured as shown RE Fig. 9, can adjust the anmount of .
nmotion blur contained in the input ﬁage Fig. 92 is a block
diagramillustrating another configuration of the function of the
separating portion 91. The elenments simlar to those shown in Fig. 9 are
15 desi gnat kdownt hethkequef €oenee muirdriat s=1 jamichaaini ex phatadh ohlukher eof i s
thus omtted. The area specifying unit 103 supplies area information to

t he nExthresratWoegalbcliadter,104 efifegtiynt Mbenzbeid@Olsedltie et ure-ratio
cal cul ator 104 supplies the m-xture 20 ratio a to~the foreground/ background
separ &flepl1e5ahtnd. bt isyneheshzéicigot. [Pieahoredivedndieackgr ound
separator 105 supplies the foreground_conponent inmage to the synthesizer
1001. ArABLIFAEhaRH zePn 1RO IBEGNBPAES -a &Br FRPRTBAEKkgAGUAS 25x$%%%e with the

f or eground conponent -i mage supplied fromthe - 190
9{ gthat thengotion—blug adjggting ungt 106 configured as shown

in Fig. 87 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
eliminéte motion blur with high precision.
As described above, the separating portion 91, which is
iO configured as shown in Fig. 9, can adjust the amount of
motion blur contained in the input image.
Fig. 92 is a block diagram illustrating another
configuration of the function of the separating porfion 91.
The elements similar to those shown in Fig. 9 are
15 designated with like reference numerals, and an explanation
thereof is thus omitted.
The area specifying unit 103 supplies arearinformétion
to the mi*ture—ratio calculator 104 and.a synthesizer 1001.
The mixture-ratio calculator 104 supplies the mixture
20 ratio @ to the foreground/backgrdund separator 105 and .the
synthesizer 1001.
The foreground/background separator 105 supplies the
foreground component image to tﬁe synthesizer 1001. |
The'synihesizer'lﬂﬂl combinés-a certain background

25 image with the foreground component image supplied from the




f or egr ound/ background separator 105 based on the m xture ratio a supplied
fromthe mxture-ratio calcul.atgr 104 and the area information supplied
fromthe area specifying unit 103, and outputs the synthesized Qma@ECiﬁm5

- which the certain 5. background image and the foreground conponent i nage
are conbined. Fig_93 illustrates the configuration of the synthesizer
1001. A background conponent generator 1021 .generates a background
conponent i mage based on the m xture "1~10 ratio a and a certain background
i mge, and supplies the background §8nponent image to a m xed- area-i nage
synt hesi zing portion 10.22. The m x& ~area-image synthesizing portion 1022
conbines the background-conponent inmage supplied fromthe background 15
conponent generator 1021 with the foreground conponent inage so as to
gener afferagmoxed/baergsynhbiesiepedaitorge ) 5apdsedpphi eBet Rexgener at ed

m xture-area synthesi zed image to an, image synthesizing portion 1023. The
i mage syhtthesi zeppl®28 €onhi nbks thiethweegroindcaQcodaparent4i ange, the

m xed- area synt hesi zed i mage supplied fromthe nixed-area-i mage

synt he§hgi agepoinfonmao2on apgprifhed fopmathebackgr spadifphge based on the

area information so as to generate.a synthesized i nage, and outputs it. As .

di scus$8d-aBbdecutnetsyhhnesyrbheshoedi smagheinowh2shcohbi nertahe

foreground conponent-imge-with a certain 22 Decenber 2005 - 191

baékgrgaﬁggrﬂﬁag_lmage and the foreground component image are
combined.

Fig. 93 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
;generateé a background component image based on the mixture

ﬁ@“ﬁﬂ .-ratio « and a certain background image, and supplies the
background.component image to a mixéd—area—image
synthesizing portion 1022.
The mixed—-area~image synthesizing portion 1022 combineé
the background*component image supplied from the background
15 component generator 1021 with the foreground component image
50 as to generate a mixed-afea synthesized image, and
supplies the generated mixture-area synthesized image to aﬁ;
image syﬂthesizing portion 1023.
The image synthesizer 1023 combines the foreground
20 componenf image, the mixédwareé synthesized image supplied
from the mixed-area-image synthesizing portion 1022, and the
certain background image based on the area informdation so as
Lo generate a sfnthesized image, and outputs-it.
As discussed above, the syﬁthesizer 1001 is able to

25 combine the foreground component- image with a certain



The i mage obtai ned by conbi ning a foreground-conponent imge with a .
certai n background i mage based on the mi xture ratio 2tDegdmbey 2085t he
feature quantity, appears nore natural 5 conpared to an inmage obtained by
sinply conbining pixels. Fig. 94 is a block diagramillustrating another
configuration of the function of the separating portion 91_. The separating
portion 91 shown in Fig. 9 sequentially perfornms the area-specifying
operation and the calculation 10 for the mixture ratio a. In contrast, the
separating portion 91 shown in Fig. 94 simultaneously perfornms the
area-speci fying operation and the &akculation for the mxture ratio a. The
functional elenents simlar to those indicated by 15 the block of Fig_ 9
are indicated by like reference nunerals, and an explanation thereof is’
thus AdkledundnilABKt image is supplied to a mxture-ratio calculator
1101, a foreground/ background separator 1102, the area specifying unit

103, and t‘hﬁeo.bd\&% @%Eéﬁﬁé&ngyU@bﬁbi—@inéoaTBSr@b¥BUﬁﬁ E8hbB8neakcul ator
1101 cal cul ates ased on the input inmage, the estimat®d m xture ratio

when iimaige wagssuBedek-Bat neaabkpirsahdcanbaicnedsida bhe dnapulixicimee bel ongs
.to the covered background area, and the estimated m xture ratio when it

i s assamdd thawheanhipi xek ceataireseduanttihe, 2ppdapst rorRgehelengs to the
uncover ed background area, and 2,2 DEC 2045 - 192 supplies the estimated
m Xt ucempatridstoabnuimtgd abtdesedlbgdsaMQQg tOmbhalh@r@gmeaad/background
sepagat or 1102
Fig. 94 is a block dlagram illustrating another
configuration of t@g function of the separating portion 91.
The separating portion 91 shown in Fig. 9 sequentially |
performs the area-specifying operation and the calculaﬁion
iﬁuﬂb for the mixture ratio «. 1In contrast; the separating
portion 91 shown in Fig. 94 simultaneously performs the
area—Specifying operation and the calculation for the
mixture ratio «. |
The functional elemenﬁs similar to those indicated by
15 the block of Fig. 9 are indicated by like reference numerals,
and an explanation thereof is-thus omitted.
An input image is supplied to a mixture-ratio
calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extradting unit 101.
20 .The mixture—-ratio caléulator 1101 calculates, based on
the input image, the estimated mixture ratio when it is
assumed that each pixel contained in the input image belongs
-to the covered background area, and the estimated mixture

.ratio when it is assumed that each pixel contained in the

25 input image belongs to the uncovered background area, and




Fig_ 95 is a block diagramillustrating an exanple of the configuration of
the mxture-ratio calculator 1101 5 An estimated-m xture-rati 0 prGEegNer
401 shown in Fig. 95 is the sanme as the estinated-m xture- ratlo processor
401 shown in Fig. 54. An-estinmated-m xture-ratio processor 402 shown in
Fig. 95 is the sanme as the estimted-m xture-ratio processor 402 shown in
Fig. 54. r -J~10 The estimated-m xture-rati o processor 401 cal cul ates the
estimated mixture ratio for each pixel by the conputation corresponding to
a nodel of the covered background area based on the input inage, and
outputs the calculated estimted t%$ure ratio. The

estimated-m xture-rati o processor 402 cal cul ates the estlnated m xture
ratio,-,for each pixel by the conmputation corresponding to a nodel of the
uncoveseep 1 bas kg € uash anetedanEdt @he t Aeti APutal BBULLed gk OUt put s the

calcul ated estimated m xture ratio. 20 The foreground/ background separ at or

© 1102 g@@@maimedtihnvéot@gmmmnfbrmmmmmmm@lba@EQEOﬁm@nséﬁuxafmmu11mﬁge based

on the estimated mxture ratio calculated when it-i's assunmed that the
pi xel bel ofiysyt @3 hes covdreetk e ggraou nid larstar sipyy ised exfargrhe loet

m xture-ratio calculator 1101, the .estimated 25 m xture ratio

cal cul Bredcomeionratbomssiinge nhaturererpt kel c2Pcerembey1PD05 - 193
belongs to the uncovered background area supplied fromthe mxture-ratio
caPcul at or A1 @5 tigivd ach@igted s dRdriratisiressor 401 shown in Fig.

95 is the same as the estimated-mixture-ratio processor 401
shown in Fig. 54. An estimated-mixture-ratio processor 402
shown in Fig. 95 is the same as the estimated—mixture—raﬁio
processor 40Z shown in Fié. 54.

‘ﬁ10 ‘ The estimated-mixture-ratic processor 401 calculates
the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
backgfound area basedlon the input image, and outputs the

calculated estimated mixture ratio.

15 ‘The estimated-mixture-ratio processor 402 calculates
the estimated mixture ratio:for each pixel by the
computation corresponding to a model of the uncovered
backgrouﬁd area based on the input image, and outputs the
calculated estimated mixture ratio.

20 The foreground/baqkdrdund separator 1102 genérates the
foreground compoﬁent image from the input image'baSedlqn the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101, the estimated

25 mixture ratio calculéted when it is assumed that the pixel




supplied fromthe area specifying unit 103, and supMzgtkda%%erggmgrated
foreground conponent image to the motion-blur adjusting unit 106 and 't he
selector 107. Fig. 96 is a block diagramillustrating an exanple of the
configuration of the foreground/background separator 1102. The el enents
simlar to those of the foreground/ background separator 105 shown in Fig.
71 are indicated by like reference nunerals, and an expl anation thereof
is thus omtted A selector 1121 selects, based on the area information
supplied fromthe area specifying unlt 103 either the estimated m xture
ratio cal cul ated when it is assufed?’hat the pi xel belongs to the covered
background area supplied fromthe m xture-ratio calculator 1101 or the
estimated m xture ratio calculated when it is assuned that the pixe

bel ongse IchgdhednGRy i Ratky Mo aneal sl isegpplnied themw@Gnd xture-ratio
cal cul ator 1101, and supplies the selected estimated mxture ratio to the
separ atixtgiEoidatdn @l cad atdee: 1ML Uradrdr athie0 adreaThe foapartdtanng portion 601
extracts the foreground conponents and the' background components fromthe
pi xel s@phigddidsopt thee apieee|spevdl fgrigionguntia 106 , maxeld sauped. ileas edheon r2 2
DFr: 70U5 - 194- the mixture ratio a supplied fromthe selector 1121 and
t he arERgndtmdrdioreyroand cwpponentt Naaget rtacttéd frotdagridug corrponent s to

t he synt hesi zer 603 and al so supplies the
adjusting unit 106 and the selector 107.

Fig. 96 is a block diagram illustrating an example of
the configuration of the foreground/background separator
1102.

The elements similar to those of the

EH Th foreground/background separator 105 shown in Fig. 71 are

indicated by like reference numerals, and an explanation
thereof is thus omitted. |
A selector 1121 selects, based on the area information
supplied from the area specifying unit 103, eitherrthe
15 estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed‘that the pixel
belongs to the uncovered'background area supplied from the
20  mixture~ratio calculator 1101, and supplies the selected
estimated mixture ratio to the separating portion 601 as the
mixture ratio a.
The separating portion 601 extracts the foreground

components and the'béckground components from the pixel

25 . values of the pixels belonging to the mixed area based on




foreground conponents to the synthesizer 605. 5 The separating.portion 601
can be configured.simlarly to the counterpart shown in Fig-"?DFFW%@
synt hesi zer 603 synt hesi zes the foreground conponent image and out'puts it.
The synt hesizer 605 synthesizes the background conponent inage and out puts
it. 10 The notion-blur adjusting. unit 106 shown in Fig. 94 can be
configured simlarly to the counterpart shown in Fig.. 9. The notion-blur
adjusting unit 10.6 adjusts the anmount of notion blur ¢ontained in the
foreground conponent image supplied fromthe foreground/ background
separator 1102 based 15 on the area'?fformation and the notion vector, and
outputs the foreground conponent image in which the anmount of notion blur
is adjusted. The selector 107 shown in Fig. 94 selects the foreground

“conponghé mimgersupptisdaf seppihed. 2Bohorrgr semekbaskpl sung,gepas at or 1102
or the foreground conponent 1mage in which the anobunt of notion blur is
adj ust adesupptoedat tom t ded dipeN: & UEhadustd iGNt $ rd@fouk@sed on, for
exanpl e, a selection signal reflecting a user's selection, and outputs the
sel ect edmponegtound e coyponent zé nage3 4n2x Decesherl 2005the 195 As

di scussed above, the separating portion 91 shown in Fig. 94 is able to

adj ust fehegnewuht cotpemenoh b uthe oFyatmesiiier &09 mage corresponding to a

f oreground obj ect
5 The separating portion 601 can be configured. similarly

to the counterpart shown in Fig. 76.

The synthesizer 603 synthesizes the foreground
component image and outputs it. The synthesizer 605
Synthesizes the background eomponent image and outputs it.

{g?ﬁo The motion-blur adjusting unit 106 shown in Fig. 94 can
be configured similarly to the counterpart shown in Fig. 9.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based

15 on the area infofmetion and the motion vector, and outputs

the foreground component image in which the amount of motion
blur is adjusted.

The‘eelector 107 shown in Fig. 94:selects the
foreground component imege supplied from the

20 foreground/backgreund‘separator 1102 or the foreground
component image in which the amount of motion blur is
adjusted supplied‘frem,the motion-blur adjusting unit 106
based on, for example, a selection signal reflecting a
ﬁserﬂs selection,vand outputs the selected foreground

25  component image.




of the input inmage, and -outputs the resulting foreground 5 object inmge.
As in the first enbodinment, the separating portion 2P bhecenibgr 2OES
configuration shown in Fig. 94 is able to calculate the mxture ratio a,
which is enbedded information, and outputs the cal culated mxture ratio a.
Fig 97 is a block diagramillustrating another 410 configuration of the

function of the separating portion 91 for conbining a foreground conponent

image with a certain background i mage. The separating portion 91 shown in
Fig. 92 serially perfornms the area-specifying operation and the

cal culation for the mxture ratio &%5In contrast, the 15 separating portion
91 shown in Fig_ 97 perforns the area- specifying operation and
the.'-"calculation for the mxture ratio a in a parallel manner. The
functi onal » gl b M to o] s i @Qr Fig. 94 are
designatedAﬁﬂ?ﬂ§?§§%é?g%%€%%bet%% %ﬁﬁ%ﬁ%ﬁgﬁgQ%ggéyﬂﬁéﬁgigﬁﬁgiHgieof is thus
on ttedy. The AhxLyLe- 8t hAaj6akcuhat ahoda®loshRWRibA Figrx 97 calcul ates,
based on the input inage, ghe estimated m xture +atio®mhen it is assuned
that eaahaRhxal igoBhaingdel BokRespbRAULgl §BJ8 bEkeRYsSLEQ bBgcpVered :
background area, and the 25 estimated m xture ratio when it is assuned that
each pifxehe2inpdtDERagd805andl86tpaest ahbedesnlthRgi Apubgtorge bel ongs to

t he uncovered background area, and supplies the estimated m xture ratios
cdl cubhiedtasmdgscri bediabohe fartheehboédgmennd/ baeckgepandt segpar at or 1102

and a synthesizer 1201.

po;tion 91 having the configuration shown in Fig. 94 is able
to calculate the mixture ratio ¢, which is embedded
information, and outputs the célculated mixture ratio «.
-Fig. 97 is a block diagram illustrating another
configuration of the function of the éeparating portion 91
for combining a foreground componenf imaée with a certain
background image. The separating portion 921 shown in Fig.
92 serially performs the area-specifying operation and the
calculation for the mixture ratio «. In contrast, the
15 separating portion 91 shown in Fig. 97 performs the area-
specifying operation and'theféalculation for the mixture
ratio « in a parallel manner.

The functional elements similar to those of the block

diagram of Fig. 94 are designated with like reference
20 numerals, and-explanation thereof is thus omitted.

The mixture-ratio calculator 1101 shéwn in Fig. 97
calculates, based on the input image, the estimated mixture
ratio when it is assumed that eéch pixel contained in the
input imagé bélongs to the covéred background area, and the

25 estimated mixture ratio when it is assumed that each pixel



5 The foreground/ background separator 1102 shown in Fig. 97 generates the
foreground conponent image fromthe input inage based on the,s ? g%pgd
m xture ratio calculated when it i's assunmed that the pixel glo 5 t he
covered background area supplied fromthe mixture-ratio calcul ator 1101,
the estimated mixture ratio calculated when it is assumed that the. pixe
bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal culator 1101, and the area information supplied fromthe area
specifying unit 103, and supplies the generated foreground conponent inage
15-to the synthesizer 1201. The synt3fesi zer 1201 conbines a certain
background inage with the foreground conponent inage. supplied fromthe

. foreground/ background separator 1102 based on the estimated mxture ratio

cal cul @beeh whed i iise asedidnad ddeomiXeto Zhdal gty the covered

background area supplied fromthe mxture-ratio. calculator 1101, the

est i mb@ckqiodind €2 féd ] aandad i lated whend tinstas simbditdatatie pi xel
bel ongs to the uncover ed background area supplied fromthe m xture-ratio

cal cul @lorullditdd endiddier den dodvas NEd i tite siippddedidd Aadie-dmar ea
speci fying unit 103, and outputs the synthesized irage 22 Decenber 2005 197

i N whig¢patetdrackgrdund] i arege @ itdwer fidr@Egr ound conponent i nage are
conbined. Fig. 98 illustrates the configuration of the synthesizer 1201.
Thé functi el felregemueadgibrickarovadt keperaitedi daved shpwnhénbFagk of Fig. 93

are indicated by like
7 generates the foreground component image from the input

image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered |
background area supplied from the mixture—ratio-calculatdr
ﬁgsio 1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
area supplied from the mixture—ratiorcaléulator 1101, and
the area information supplied from the area specifying unit
103, and suppiies the generated foreground component image
15 to the synthesizer 1201.

The synthesizer 1201 coﬁbines a certain background
image Wlth the foreground component image. supplled from the
-foreground/background separator 1102 based on the estimated
mixture ratio calculated when it is assumed that the pixel

20 Dbelongs to.the covered background area-supplied from the
mixturé-ratio calculator 1101, the estimated mixture ratio
calgulated when it is assumed that the pixel belongs to the
uncovered background area supplied from the mixture-ratio
célculatof'ilol, and the area information subplied from fhe

25 area specifying unit 103, and outputs the synthesized image




.

reference nunerals, and an explanation thereof is thus onitteg. A sel ector
1221 sel ects, based on the area information supplied&Peemiee<8ia
specifying unit 103, either the estimated m xture ratio calculated when it
is assuned that - the pixel belongs to the covered background area supplied
fromthe mxture-ratio calculator 1101 or the estimated mxture ratio '
cal cul ated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe mxture-ratio calculator 1101, and
supplies the selected estimated m xture ratio to the background conponent
generator 1021 as the mixture rati d94. -The background conponent generat or
1021 shown in Fig. 98 generates a background. conponent imge based on the
20 m xture ratio a supplied fromthe selector 1221. and a certain
backgreungh idRGfe PALIGHRRINES dife RARK AU, e oG O the
m xed- area---1mage synthesizing portion 1 0 22° The m xéd-area-i nage
synt h@siagjeN G AROIdon®1 nk@22 shown in 25 Fig. 98 conbines the background
conponent” i mage supplied Z 2 DEC 2005 - 198 5 frem't he*background
conponent gegeraoi1i@2irwtth the chareghneurdosospoRgat i mage so as to
generate a m xed-area synthesi zed i mage, and supplies the generated
m Xedsgngdhesiyrirhagiozed ThegEune tilmdlTegermttshesSnailng R tWhezel023.  The
i mge synthesi zing portion 1023 conbi nes the ,

5 indicated by the block of Fig. 93 are indicated by like

reference numerals, and an explanation therecf is thus

omitted.
A selector 1221 selects, based on the area information

supplied from the area specifying unit 103, either the

- B
=

estimated mixture ratio calculated when it is assumed thﬁt
the pixel belongs to the covered background area suﬁplied
from the mixture-ratio calculator 1101 or the estimatéd
mixfure ratio caiculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
15 mixture-ratio cal<:ule‘;1tc>r'1]_.0].'r and supplies the selected
estimated mixture ratio t§ the background component
generato; 1021 as the mixture ratio «.
The backgrqund component generétor 1021 shown in Fig.
98 generates a background. component image based on the.
20 mixture ratio a supplied from the selector 1221 and a-
ce;féiﬁ background image, and supplies the background
componept'image to the mixed—-area-image synthesizing portion
1022,
Thé mixed—aréé—image synthesizing portion 1022 shown in

25 . Fig. 98 combines the background component image. supplied




foreground conponent image, the m xed-area synthesized image supplied from .

t he m xed-area-image synthesizing portion 1022, and the background inﬁﬁf
based on the area information so as to generate a synthesized i Ca

~outputs it. In this nmanner, the synthesizer 1201 is able to conbine the

foreground conponent image with a certain background image. The enbodi nent
has been di scussed above by setting the mxture ratio'a to the ratio of

t he background conponents 15 contained in the pixel values. However, the

m xture ratio a may be set to the ratio of the foreground conponents
contained in the pixel values. The *Hbodi ment has been di scussed above by
setting the noving direction of the foreground object to the direction 20
fromthe left to the right. However, the noving direction is

not ' r eStem ctles Hao- ke ahbvesaiesesn begetd recst aro21 neide ahove description,
a real -space image having.a three-dinensional space and tine axis

i nf or e Tegrdwnd pramutact: ciaya 40 nes spackeld g A mivw=diam\nsi onal space
25 and. time axis information by using a video carera. "However, 22 Decenber
2005 -symthegipedrigwars, andmurmliss ndie rgsterateat tixddisraxanpl e, and
can be applied to the follow ng case.- When a greater anmpunt of first

i nf or MR eI ireshdigterist o Iprdee ¥R tPres decinarl mmtivien skidd er anount  of
second information in a two di mensional space, distortion generated by the
pr 8j ect i on INCaA™BEeCc S PEELEd 2 1oy Riortdamt LORBoERARPILARScAReDe extract ed,

foreground component image, the mixed-area synthesized image
supplied'from the mixed-area—image synthesizing portion 1022,
and the background image based on the area information so as

to generate a synthesized image and outputs it.

[f“éo In this manner, the synthesizer 1201 is able to combine

the foreground component image with a certain background
image.
' The embodiment has been discussed above by setting the

mixture ratio ' to the ratio of the background components

- 15 contained in the pixel valueé. -However, the mixture ratio «

may be set to the ratio of the foreground components
contained in the pixel wvalues.
The embodiment has been discussed above by setting the

moving direction of the foreground object to the difeé%ion

- 20 from the left to the right. However, the moving direction

is not restricted to the above-described direction.

In the above description, a real-space image haviné‘a
three-dimensional space and time axis information is
préjééted onto a time space having a two-dimensional space

25 and. time axis information by using a video camera. However,




.or a nore natural inmage can be synthe5|zed ‘The sensgb[%ﬁgﬁg%réaﬁgrlcted to
0

a CCD, and may be another type of sensor, such as a s state i1 mage-
capturing device, for exanple, a BBD (Bucket Bri gade Device), a CID
(Charge Injection Device), or a CPD (Charge Prim ng Device), or a CMOS
(Conpl ementary Metal Oxi de Semi conductor). Also t he sensor does not have
to be a sensor in which detection devices ate 'arranged in a matrix, and
may be a 15 sensor in which detection devices are arranged in one line.
Referring to the flowhart of Fig_ 99, the synthesis .service processing
for outputting a synthesized |nagel§énerated by conblnlng a foreground
conponent inmage of an 1inmage captured in real tinme-by the canera term na
device 2 20 with a specified background component inmage will now be

descrihedprbbeht 3RTUARY LA Lok GRAMRIA RlTBAlcndQVicBap1 d S st ed out

§
to a user. kcase I'n which fees are separately charge r the Sseparation

procegghngeaggp& Hea %ﬁn%ﬂ%ﬁE%lﬁ%Rﬁﬁéﬁb%QéN | lihe@wab ﬂ¥§%€? Refungd I N step’
51001, it is determ ned whether or not a 2, 2 DEC-2005-* 200 shutter

but t og i ;ﬁ%%s&ﬁ%rm%l%oqels@nregdl&lern%a@@tﬁd spalde ilst prpjdeitm ned that
the shutter button is pressed. When the shutter button is pressed, in step

S1002onthe askgaah ercapbhall of &kdeeid AnTerihe iPHOGRSSi AgA-0 separate an
image input fromthe imge-capturing unit 74 into a background conponent
i tagedandnaibaadgspaand , cdipaoentionmagaerited bggeheseparjaatdonpr ocessing i s
a series of processes perfornmed by
can be corrected, significant information can be extracted,
or a more natural image can be synthesized.
The sénsor is not restricted to a CCD, and may be
another typé of sensor, such as a solid-state image-
ﬁO éapturing device, for example, a BBBD {Bucket Brigade Device),
~a CID (Charge Injection Device}, or a CPD (Charge Priming
‘Device), or a CMOS (Complementary Metal Oxide Semiéonductor).
Also, the sensor does not have to be a sensor in which
detection devices are arranged in a matrix, and mayvbe a
15 sensor in which detection devices are arranged in one line.
Referring to the flowchart of Fig. 99, the éynthesis
serviée-processing for oﬁtputting a synthesized'image
generatedvby combining a foreground cdmﬁonent image of an
‘image captured in real time by the camera terminal device 2
20 ﬁith a specified background component image will now be
described- It is assumed that the camera terminal deﬁice 2
is ;entéd out to a user. A case in which fees are
-separately charged for the separation processing and the
Syﬁthesis processing will-now be described. |

25 - In step S1001, it is determined whether or not a




t he above-descri bed separating portion 91. Specifically, 'the processing is
to separate the input inage into the foreground conponent imge and the
background conponent inmage and is inplenented by the area specifying
processi ng described with reference to the flowhart of Fig. 35, 3.hepgc 08
m xture-ratio cal cul ati on processing described with reference to Fig. 63,

t he foreground/ background separation 15 processing described wth reference
to the flowhart of Fig. 78, and the foreground-conponent-i mage-notion-bl ur
adj ust ment processing described with reference to the flowhart of Fig.

86. Since the processing is siml-ar2td ~the above, a description thereof is
omtted 20 In step 51003, the billing processor 75 perforns the billing

processing to charge fees to the billing server 5 via the network 1. At
the saggutige, bﬁ{‘téﬁef)s Spéggéedtherh@ww@sﬁwe{s rgﬁé;;@émm%hb' ITing
processing to charge fees to the canera termnal device 2 25 W
refereneelémé@@mﬁimh@utoéh&lﬁmé@r thecshove Ee%nbewhe%@% - 201
described billing processing will now be described. 1n3the billing

pr ocessh@gshiitige tISQEt ¥40 Dasphosdaedid @te;sasmmm,tem@rmi wevi ce 2 inputs,,

prior to the start of using the canera term nal device 2, for exanpl e, the

user' scactoehtel [¥1 pdfeehd ey hromdres i mpyrdes é it té nat eathgeand

aut hentication therein (1D for specifying the provider) to the billing

serverimpwi af tdme et wordge-cdptuhirsy aasie; Theintmge background
component image and a foreground component image. The image
separation processing 1s a series of processes perfofmed by
the above-described éeparating portion 91. Specifically;
the processing is to separate the input image into the

{fﬁﬁo foreground component image and the background component
image and is implementéd by the area specifying prdcessing
described with reference to the flowchart of Fig. 35, the
mixture-ratio calculation processing described with
reference to Fig. 63,'the foreground/background separation
15 processing described with reference to the flowchart of Fig.
78, and the foregrcund-component-image-motion-blur
ad]ustment processing described with reference to the
flowchart of Fig. 86. Since the processing is similar to
the above, a description thereof is omitted.
2O In step 51003, the billing processor 75 performs the

billing processing to charge fees to the billing server 5
Avia the network 1. At the Same time, in step S1021, the
billing server 5 performs the billing processing to charge

fees to the camera terminal device 2.

25 - With reference to the flowchart of Fig. 100, the above-—




information. In step 51101, és shown in Fig. 101, t illin cessor 75
specifies the contents of the processing (service) gﬁdgﬁﬁgﬁﬁﬁ?&g?lD'”

information for identifying the wuser (user. requesting inage separation),
aut hentication information (password and the like), fees, and ID stored
separation processing is specified as a service 15 In step S1121, as shown
in Fig. 101, the billing server 20 24 asks the financial server,-6 under

t he managenent. of a. financial institution having the eustomer's account

about the authentication information, the custoner's account ID, and the
fees on the basis of the (user's) 4% ransnitted fromthe camera term na

~device 2. Iri step 51141, as shown in Fig. 101, the financial server (for

custoner) 6 perforns the authentication processing based on the custoner's

accourfeddy it tia 1 31 RaRd St w1 Oradk i v @aek-F i ms fhecl | i ng
server 5 '25. of the authentication result -and the service availability -
202 pinfhomptd Dteddi ehRl War athshowd borfbged e ddigebd ||, .ng
server 5 transmts the authentication information-and ttie service
avai | atidritna i rfearingd 20 dpmtdhe posinter atd etié netatevdo tanLind twet he
foll owi ng description, the case will be described wunder the conditions
t hat tdagregrd Senmipradbld=wiwig 12 .t fawtegleat tion vsstid amcbdd@atIn he
service is thus available. |If there is a problemw th the authentication
redul t{cagdiit card number may be input instead) and authentication
information.
In step S1101, as shown in Fig. 101, the billing
processor 75 specifies the contents of the processing
{service) and transmits ID information for identifying the
i - '
kO user (user requesting image separation), authentication
information (password and the like)}, fees, and ID stored
therein (ID for specifying the provider) to the billing
server 5 wvia the network 1. In this case, the image
separation processing is specified as a service.
15 In step $1121, as shown in Fig. 101, the billing server
24 asks the financial server 6 under the management of a
financial institution having the customer's account about
the authentication information, the customer's account ID,
and the fees on the basis of the (user's) ID transmitted
20 from the camera terminal device 2.
In step 51141, as shown in Fig. 101, the financial
.sexrver (for customer) 6 performs the authentication
processing based on the customer's account ID and the

authentication information and informs the billing server 5

25 of the authentication result and the service availability




information indicating that the service is unavailable is "#0 received, the
processing is termnated. In step 51102, as shown in Fig. 101,22 WDECccaper a
term nal device 2 provides the service when the conditions that there.is
no problemwth the authentication result and that the service is thus
avail abl e are satisfied- In other 15 words, in this case, the canera

term nal device 2 executes the inage separation processing. In step 51103,
the canera termnal device 2 transmts a service use notification to the
billing server 5. In step S1123, the billing server 5 inforns the
financial server 20 (for custoner) 28%f the, custoner's account ID, the
fees, and the provider's account ID. In step S1142, the financial server
(for custonmer) 6 transfers the fees froman account with the custoner's
accountnfid¥iax#die. provider's financial server (for provider) 25 7. 22 :
Decenber 2005 -- 2 03 The description returns to the flowchart of Fig_ 99.
In step SlG@AsthbeSSﬂgBalaeonhbﬁhléh Fligst anés the bhiapanat edrivemges in the
i mage storage unit 72. In step S1005, the -billing-procéssor 75 determ nes
whet her toramsmtitsh tthee aszmhtarsridvasicbeemﬁ}mmamw@uglnyi prressedvide it is
determi ned that the shutter has been continuously pressed, the processing
r et ur vaigatidp ] 0L orMadtidrs  tg rtélemqamenga ferodesdi sgviisecdnt i nuousl y

executed while the shutter is
5 In the following description, the case will be described

under the conditions that there is no problem with the
authentication result and that the service is thus available.
If there is a problem with the authentication result and

information indicating that the service is unavailable is

y
”#0 received, the processing is terminated.

In step S1102, as shown in Fig. 101, the camera
terminal device 2 provides the service ﬁhen the conditions
that there is no problem with the authentication fesult and
that the service ié thus available are satisfied. In other

151 words, in this case, the camera terminal device 2 executes
the image separation processing.

In step 51103, the camera terminal device 2 transmits a
service use notification to the billing server 5. In step
$1123, the billing server 5 informs the financial server -

20 (for customer) 6 of the.chstomer's account ID, the fees, and
the provider's aécount ID.

In step $1142, the financial server {(for customer) 6
transfers the fees from an account with the custOmer‘é |
account ID'tb the provider's financial server (fof provider)

25 7.




continuously pressed. If it is determined in step Slqgtq iﬁﬂ% shutter
is not pressed, in step S1006, the signal controller eéeteF?@%%s whet her -

or not the ID of an inage to be selected as a background conponent inage
is input. The processing is repeated until the IDis input. The ID for
speci fying the 15 background conmponent inmage nay be set prior to the start
of using the canmera term nal device 2. Wien there is no preset ID, the ID
speci fied by default may be input. Accordingly, the separation processing
and the synthesis processing are performed wthout an obstacle after the
shutter is pressed. 20 In step 5I0#P3 the signal controller 71 conbines the
background conponent inage having the specified IDwth the foreground
conponent inmage separated by the separation processing. For exanple, when
an i mge shrawndeBckigtidf2Afetusneapioune®d ¥y ciite - mges -apt wd ng unit 74,
the signal 25 controller 71 separates the inmage into .a foreground Z 2 DEC
2DC6 - 204 1ncemppnsntoldnagieasdgaabackhartanid esolonaiirdsTages

Subsequently, as shown in Fig. 102B, when the processing in step S1006

sel ectsedzacikgdoimd a3 fimormbaminggearsges-sgteongdi t 172 t heIn naep st or age uni t
72 (including backgrounds Bi to B3 5 and foregrounds F1 to F3), the signal
cont r 34085, 7 theodilddaab aaegesinrd B alatarwl fen etheotine conporent i nage at

~the center of the image shown in Fig. 102A to generate a synthesized
i mge Wowhutier fasibeen condiaye PrafEsio22if the b¥11ing processor
71 of '

determined that the shutter has been continuously pressed,
the processing returns to step S1002. That is, the billing
processing is continucusly executed while the shutter is.
continuously pressed.
ﬁj”fo If it is determined in step 51005 ﬁhat the shutter is

not pressed, in step 351006, the signal.controller 71
determines wﬁether or not the ID of an image to be selected
as a background component image is input. The processing is
repeated until the ID is input. The ID for specifying the

15 background component image may be set prior to the start of
using the camera ‘terminal device 2. When there is no preset
iD, the ID specified by default may be input. Accordingly,
the separétion processing and the syhthesis processing ére
performed without an obstacle after the shuttgr is pressed.

20 In step $1007, the signal controller 71 combines the
background component image having the specified ID with the
foreground component imagelsepérated by the separation
processiqg. For example, when én image shown in Fig. 1023
is captured by the image-~capturing unit 74, the signal

25 controller 71 separates the image into a foreground




) QO the canera termnal device 2 and the billing server 5 performthe
billing processing for charging fees for the synthesis processing. Since -
the billing processing is simlar to the processing descri bed? B8 2005
reference-to the .flowhart of Fig. 100, a description thereof is omtted
15 In step S1009, the signal controller 71 of the canera 20 term nal device
2 displays the synthesized inage on the display unit 73, assigns the IDto
the imge, and stores the image in the inmage storage unit 72. In the
foregoi ng exanpl e, the separation. processing is repeated for a period of
time during which the shutter is pr2dsed, and the corresponding fees are
continuously charged. Alternatively, fees nay be charged every tine the
shutter is pressed. The television set term nal device 3 for elimnating

in 25 é&g_l,oﬁérn@ TRAE O UE 104 c1afied U SHpdh Vi figh giibj ect 22 Decenber
2005 - 205 captured by the canera device 4 and di splaying the notion

bl ur - ed e QAL S 1 PRAEs Ao MO By Fin2803he®tHOpraldddingf ifng notion
blur in real time and conbining the notion-blur-elimAated imge with a

backgrsusns conpOneste Srd MYSkgBSuE @M i Forki guorkPdimanddd stamdee idescri bed
with reference to Fig. 105. The television set termnal device 3 shown in
Fig. 1ffee image storage unit 72 (including backgrounds Bl to B3
5 and foregrounds Fi to F3)t the signal contrqller 71 combiﬁes
background B3 and the foreground component image at the
center of the image shown in Fig. 102A to generate a
synthesized.image shown in Fig. 102C.
j In steps S1008 and $1022, the billing processor 71 of
”&:%0 the camera terminal device 2 and the billing server 5
perform the billing processing for charging fees for the
synthesis processing. Since the billing processing is
similar to the processing described with reference to the
flowéhart'of Fig. 100, a deséription thereof is omitted.
15 In step 51009, the signal controller 71 of‘the‘camera
| terminal device 2 displays_ﬁhe synthesized image on the
display unit 73, assigns the ID to the image, and stores the
image in'the image étofage unit 72.
In the fdregoing example, the separation.procéssing 1s
20 repeated for a period ofrtime_during which the shutter is
pressed, and the corresponding fees are continuously charged.
Alternatively, fees may be charged every time the shutter is
pressed. |
The television set terminal device 3 for eliminating in

25 real time motion blur of an image of a moving subject




is, as shown in Fig. 104, to be rented out for use in wild aninal
observation at night or the like. The billing procegiDagecabardld® tothe
tel evision set termnal device 3, fees based on renting time (fees in_
accordance with the facility use tinme) and fees for the notion-blur
elimnation processing and the synthesis processing. The fees for the
nmotion-blur elimnation processing and the synthesis processing are charged
only when there is a notion in the subject inage (foreground conmponent .
image). A facility-use-tine nmeasuring unit 2001 of the television set
term nal device 3 neasures the t?n@ogr6n1the renting of the television set
termnal device 3. The 20 facility-use-tine neasuring unit 2001 stores the
nmeasured tinme in a counter 200l1a and outputs the final measured facility

use ticaptiudedh®ybithlel RAnBLECEaSFIEeB8T_ahd Slilg1aRahigOR ndetRidiidiat i on unit
2002 scans the captured image input fromthe camera device 4 and
det er mlnas-eifielihatedd iahgRt akhehewns ia Falky.0n0i3n bie fpubj ect i mage
(foreground . Z-2 DEC 25 - 206 conponent inmage). -If tHere is a notion,
t he- steilliWimattiioy dettébni hatirohnumieh 12 @02e0 vhpuicond isiigualthiendi cat i ng t he
presence of the notion to a processing-tine neasuring unit .2003. Wen the
-si gnamojitagincdtliumgethaipresdnimagk whdéhmat bewk§ riosinidn pompoa eintte '
processing-tinme neasuring unit 2003, the processing-tine nmeasuring unit
2003 3mgges ekeshpme dor Fag- WARchvwiBd Siognkle descmpbed widbhcounter 2003a
and, finally in
reference to Fig. 105.
The television set terminal device 3 shown in Fig. 105
is, as shown in Fig. 104, to be rented out for use in wild
animal observation at night or the like. The billing
ﬁﬁ fO processing charges, to the television set terminal device 3,
‘fees based on renting time (fees in accordance wiﬁh the
facility use time) and fees for the motion-blur elimination
procéssing and the synthesis processing. The fees for the
motion-blur elimination processing and the synthesis
15 processing are charged only when there is a motion in the
subject image {foreground component image) .
A facility-use-time measuring unit 2001 of the
television set terminal device 3 measures the time from the
renting of the television set terminal device 3. The -
f20- facility-use-time measuring unit 2001 stores the measured
time in a counter 200la and outputs the final measured
facility use time to the billing processor 85. A
still/motion determination unit 2002 scans the captured

image input from the camera device 4 and determines whether

25 or not there'is a motion in the subject image {(foreground




the billing processing, outputs the processing tine stored igiggﬁ g@gnter
2003a to the billing processor 85. At this tine, the billing*pr % r 85
calculates the fees in. accordance with the facility use tine input from
the facility-use-tinme nmeasuring unit 2001 and the processing tine input
fromthe processing-tinme nmeasuring unit 2003 and executes the billing
processing to charge the fees to the 15 billing server 5. Since the
configuration of the signal processor 81 is. simlar to that of the signal
processor 71 shown in Fig. 8, a description thereof is omtted Referring
to the flowhart of Fig. 106, the ridl tinme 20 synt hesi s service
processing perfornmed by the television set termnal device 3 for use in
wild ani mal observation at night will now be described. In step S1201, the
facilitymposenttimsgeeasurt ngheme tis 200dotofort herticel @i isi b tsiein t er mi nal
device 3 starts 25 neasuring the facility use tine. At this tine,

t he- caftretrar@ndetenbeii 20082 AEputsleviceyrh stiardissatitmutittieng capt ur ed

i mages one after another to the signal processor 71 and the still/notion
det er "PHaE ¢oFe U tLIROORTign stk FXOX s3Iy stind /mestswnieterit nation unit-
2002 determ nes whether or not there is a 5 notion in the subject. The

. proces&¥0y- i-shhepedhedigndl indierdaermandaradames nd ¢his metisti on. | it

is determned that there is a notjon, the processi ngz-dproceeds to step
81503.13 input to the processing-time measuring unit 03, the

processing~time measuring unit 2003 stores the time during
which the signal is input in a counter 2003a and, finally in
the billing processing, outputé the processing time storéd |
in the counter 2003a to the billing processor 85. At this

410 time, the billing processor 85 calculates the fees in.

o
ey

accordance with the facility use time input from the
facility-use-time measuring unit 2001 and the processing
time input from the processing-time measuring unit 2003 and
executes the billing processing to charge the fees td the
15 billing server 5.

Since the configuration of the signal processor 81 is.
similar to that of the signal processor 71 shown in Fig. 8,
a descriétion théreof is omitted.

Referring to the flowchart of Fig. 106, the real-time

.20 synthesis service proceSéiﬁg performed by the television set

terminal device 3 for use.in wild animal observation at
night will now be described.

In step 51201, the facility-use-time measuring unit
2001 of the television set terminal device 3 starts

25 measuring the facility uée time. At this time, the camera



In step S1203, the still/notion determ nation unit 2002 outputs a signal
indicating the detection of the notion. In response,22tibeepthec2®36H ng-ti me
measuring unit 2003 starts nmeasuring the processing time. In step s1204,

- the separating portion 91 of the signal controller 81 executes the
“processing to separate an input 15 inage. The processing is simlar to the

‘processing in step S1002 of the flowhart of Fig. 99 and includes the

motion- blur adjustment processing (see the flowhart of Fig. 86). Wth
this processing, the inmage is segaéﬁheg, and notion blur ‘is elimnated by
t he foreground-conponent-i nmage- not .20. Dblur adjustnent processing. In
this case, after the image is separated, only the foreground conponent
image is output to the synthesizer 92. In step S1205, the synthesizer 92
r eads daeviiaek gr aitad t sc onpupnent ngnege ti@eke imagbsnedef a6methanbnhge st or age
unit 25 72.. 1n step S1206, the synthesizer 92 conbines the read 2, 2 DEC
2005 +to20®e bagkglopmdcessponént anmagbeandit hémpbipon- bl ur-el i m nated

f oreground conponent inmage input fromthe separatj.ng portion 91 to

synt hesiteamdnaitimgeuand 800But s Trheétspnbhadezetihenagelidmphéodi splay unit = -
83. The display unit 83 displays the 5 synthesized-image. In step S1207,
the stiettermdnpdaoeteili RAOLoACERTIRIREE2VhEERBEnPReBORNERAEE &F Aot there
is a nmotion, that is, _whether or not there has been intermttently a

mot i oRCTEPD ip theqatbiRfked Fﬁ&tPFH@PESFggalﬁDF?Eﬁ?t?ﬁe“BF6%e§§ing

is determined that there is a motion. If it is determined
Ithat there is a motion, the processing-procegds to step |
$1203. | |
In step S51203, the still/motion determination unit 2002
-%b outputs a Signallindicating the detection of the motion. 1In
response, the processing-time measuring unit 2003 starts
measuring the processing time.
In step 51204, the separating portion 91 of the signal
contreoller 81 executes the processing t0.3eparate an input
15 image. The processing is similar to the processing in step
51002 of the flowchart of F;g. 99 and includes the motion-
blur adjustment processing (see the flowchart eof Fig. 86).
With thié-précessing, the image is separated, and motion
blur is eliminated by the foregr.0und—comp-onent-;i.maqe-—mot:i.on-~
20. blur adjustment processing. In this case, after the image
is‘sepérated, only the foreground Coﬁponeht image is‘output
to the synthesizer 92. |
In step $1205, the synthesizer 92 reads-a-backgréund
component image to be combined from the imagé storage unit

25 72. In step S1206, the synthesizer 92 combines the read




;10 returns to step S1204, and the'prqcessing fromthis step onward is
repeated. If it is determned in step S1207 that there is no rfilEg, 2005

step S1208, the processing-tine neasuring unit 2003 neasures the time used

. for the actual separation processing (notion-blur elimnation processing)
and the synthesis processing and stores the tine in the counter 2003a. In
step S1209, the facility-use-tinme neasuring unit 2001 deternlnes whet her or
not the use of the facility is ended- For exanple, when:the use'of the
facility is ended, in step S1210, the'facility-use-tine nmeasuring unit
2001 measures the facility use tinme?&ored in the counter 200la and
outputs the neasured tine to the billing processor 75 1In steps 51211 and
S1121, the billing processor 85 of 25 the television set term nal device 3
and t hbabkgtongd sesmpesn @zt Denggbesn@00he -mo208n-blealeviatigatbe fees based
on the facility use time and the processing tinme used for the notion-blur
el i m nabregrpunnd essiypgn aint 1MEgsynmp®B|Sr@motnsssegaﬁad;egep@fESOmhe
corresponding billing processing. Since the billinrg 5 pfocessing is simlar

to the9brb@eszmh@e@eserahedmmgehan6 vefpnencehe osyhehésbredainagé Fig. 100, -

a description thereof is omtted. Wth the foregoing processing, a service
for capfufhfgdisphayienibl 83 - adTiue t@bsp haygeun ht o8 in dl@lhlaysublheas in wld

5 synthesized image.

In step 81207, the still/motion determination unit 2002
‘determines whether or not there is a motion, that ié,
whether or not there has been intermittently a motion. If
it is determined that there is a motion, the processing

%thi) returns to step 51204, and the processing from this step
onward. is repeated.
If it is determined in step S1207 that there is no
motion, in step S1208, the proéessing—time measuring unit
2003 measures the time used for the actual separation
15 processing (motion-blur elimination processing) and the
synthesis processing and stéres the time in the counter
2003a.
In s£ep'81209, the facility-use—time measuring unit
2001 determines whether or not the use of the facility is
20 ended. For example, when the use ‘of the facility is ended,
in step 51210, the facility-use-time measuring unit 2001
measures the facility use time stored in the coﬁnter 2001a
aﬁd outputs the measured time to the billing processor 75.
In steps 81211 and 51121, the billing processor 85 of

- 25 the television set terminal device 3 and the billing server




ani mal observation at night, is provided. Since the billing processing for
charging fees in accordance with renting tinme (faciligypésintd-mepsduring
which the television set termnal device 3 is rented and processing tine
(time used for the notion blur processing and the synthesis processing) is
inpl enented, fees for the separation processing and the synthesis
processing are not charged at night during which aninmals remain stati onary.
The user only pays fees when a- situation in which the separation
processing and the synthesis processing are necessary arises. 20 ,
Alternatively, in the real-time syfesis service processing described
with reference to the flowhart of Fig. 106, the billing processing
charges fees not based on renting tinme but only on processing tine. Wth
ref er enemldl atdherHd omgdhardadd RiQ. tHO 7 ad D1ei BF QGRS i@ ighdirgh the 25
television set termnal device 3 is-rented out to a user at - 210 a golf
cour spmrcddiEig keinso wsed hair tdiee usetiearboheck ifigatiser ' S gol f swing

Wi Il now be described. The processing is simlar to theXflowhart of Fig.

106 fwwestsicly strebstHE] 20/ taredh iS1 b ares oy tdrell-exBraitdss,tHen 5 step
S1301, the still/notion determ nation unit 2002 determ nes whether or not
t her e Aoy respstidimd o itlHe eyl motess k. prajgessitie ikslddpgat ed until it is
determ.ned that there is a notion. If it is determned that there is a
moP i 0T OASS Ifido des i imy [sro dwe ddiet P z1qqs SEBD e dar idtadew idr ds, the 0
processing is not executed and the billing 0proce55| ng is not executed
until rﬂ%r@giérre &8 e £1lgmahaqtyet Fig. 100, a description

thereof is omitted.
With the foregoing processing, a service for capturing

a motion-blur-adjusted image in dim light, such as in wild
ﬁb animal observation at night, is provided. Since the billing

processing for charging fees in accordance with renting time

(facility use time) during which the television set terminal

device 3 is rented and processing time (time used for the -

motion blur processing and the'synthesis processing}) is

15 implemented, fees for the separation processing and the
synthesis processing are.no;;éharged at night during which
animals remain stationaryl The user dnly'pays fees when a
siﬁuatioﬁ in which the separation processing and the
synthesis processing are necessary arises.

20 ' Alternatively, in the real-time synthesis service
proceséing described with reference to the flowchart of Fig.‘
106, the billing processing charges fees not based on
renting time but only on processing time. With reference to
the flowchart of Fig. 107, the processing ‘in which the

_25_ television set terminal device 3 is rented out to a user at




In step 51302, the still/notion determnation unit 2002 outputs a signal
indicating the detection of the notion- In response, the processing-tinme
measuring unit 2003 starts 15 measuring the processing tine. Iﬁ&gﬂﬁﬁ X05303,
the separating portion 91 of the signal controller 81 executes the =~ :
processing to-separate an i nput inmage. The processing is simlar to the
processing in step S1002 of the flowhart of Fig. 99 and includes the
notion- 20 bl-ur-anmount adjustnent processing. Wth this:processing, the
image is separated, and notion blur is elimnated by the '

f or egr ound- conponent - i mage- noti on- @ 1@ -adj ust ment processing. In step
5130. 4, the synthesizer 92 reads a background conponent inage to be
cormbined fromthe imge storage unit 25 82 . In step 51305., the

synt hegi 281 £ 980 GP0R1 0£Send Ny €3l 225 DReObehe 2005, o &1l background

conponent 1 mage and the notion-blur-elrmnated foregiound cohponent image

i nput 50 § hgs SEPALALL NG PRI LL®Mbe - JdsLPiS¥pt hesi ze an_i nage and out puts
t he synthesi2§% i mge ?o %ﬁe d?sp %y u%%t¥83. The.di'splfay unit 83 displ ays

the 5 synt hagd 26804, ddBG8ig i NS GBS &o R rADNdn S $At IsfAactgyy Wwhen
notion blur due to the swinging of the golf club is elimnated fromthe

di spl agesni wRDEh AcsaPtsnBeh | MBPesTPES ardtomeetd 0 berhLomi nedhwith a
di fferent background conponent image. Accordingly, a background conponent
i mage d6ep SSHhvd 1 necies sairily/dicatbd rdetdheinawgen strioragoamit 82, In step
- S1306, the still/notion determ nation unit 2002
determines whether or not there is a motion in the subject.
The proce;sing is repeated until it is determined that there
is a motion. If it is determined that there is a motion,
the processing proceeds to step S1302. 1In other words, the
'62&0 processing is not executed and the billing processing is not
executed until the user swings a golf club.
In step S$1302, the still/motion determination unit 2002
outputs a signal indicating the detection of the motion. In
response, the‘processing—time measuring unit 2063 starts
15 measuring the processing time.
In step 51303, the separating portion 9i of the signal
controller 81 executes the procéssing to separate an input
imége. The processing is similar to the processing in step
51002 of the flowchart of Fig. 99 and includes the motion-
20 blur-amount adjustment'précessing. With this processing,
the image is separated, and motion blur is eliminated'by the
forgground—component—image—motion—blur adjustment processing.
In step 51304, the synthesiéer 92 reads a background

component image to be combined from the image storage unit

25 82. In step S1305, the synthesizer 92 combines the read




det erm nes whether or not there is a notion, that is, dmether not there
2 2

has been intermttently a notion. If it is determn

is a

nmoti on, the processing 15 returns to step S1204, and the processing from
this step onward is repeated. If it is determned in step S1306 that there
is no notion, in step S1307, the processing-tine neasuring unit 2003
measures the tinme used for the actual separation 20 processing
(rmotion-blur, elimnation processing) and the synthesis processing and
stores the neasured tine in the _cgunter 2003a. In step S1308, the
facility-use-tinme neasuring unit 2001 determ nes whether or not the use of

the facitity is 25 ended. For exanple, when the use of the facility is

ended Z 2 DEC 2005 - 212 (when the canmera term nal device 2 is to be
r et urPREFITPHRS (PP BIETHY DS 12334 | thadndi 1 on iR W rbsRatead of t he

canera termnal device 2 and the billing server 5 calculate the fees based
on t O’fﬂ%‘H?‘H‘% R SRE a’ﬁ'&iaqq’]elrtﬁ"b'%eg%?‘ﬁ @t?‘?@a{%‘éjdlg % HLHot i on- bl ur
ellnuﬂgt ceSS|n%1and the s theS|s cessi ng and e ecutes t he

corr cShotai HE BT g “brdtias Céf‘?&‘é %lﬂ’?ﬂ?f%’r%% 4 i s <imilar

to t C 55|n descri d ence 1o hart of Fig. 100,

a ders]%rl%%‘lgocﬁ sttt é% & 18y eH: djase%oiévC Hti¥h, the

oper evi 3 £ sGri bed-
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20

25

when motion blur due to the swinging of the golf club is
eliminated from the displayed image. A captured image does
not need to be combined with a different backg;ound
component image. Accordingly, a background component image
is not necessarily read from the image storage unit 82.

In'stép 51306, the still/motion determination unit 2002
determines whether or not there is a meotion, that is,
Whether or not there has been intermittently é motion. If
it is determined that there is a motion, the‘processing
returns to step S1204, and the processing from this step
onward is repeated.

If it is determined in step S1306 that there is no

- motion, in step S1307, the processing-time measuring unit

2003 measures the time used for the actual separation
procéssing {motion-blur elimination processing) and the
syhthesis processing and stqres thé measuréd time in the
counter 2003a.

In step S1308, the facility—use—time measuring unit
2001 determines whether or not the use of the facility is

ended. For example, when the use of the facility is ended .




aw—

performed by the camera term nal device 2. Accordingly, the separating
portion 91 of the present 15 invention separates in real tinme a captured
image into a foreground conponent i nmage (foreground conponerdt? iDEBIgYs and a
f oreground conponent- i mage (foreground conponent inage) and perforns in
real time-the notion-blur adjustnment processing of the foreground
conponent inmage. 20 A recording nediumin which a programfor performng

t he signal processing of the present invention is recorded may be forned
of a package nediumin which the-pppgramis recorded, which is distributed
for providing the programt a user separately fromthe conputer, as shown
in Figs. 4 and 25 5, such as the magnetic disks 41 and 61 (including a 22

Decenb 20 - 213 fl exible.disk)., t . ical di 62 (includ
Do, cotieet e Lkt 0 190hbCBh, esfieadhyande2 (e wi
Di . th t.o- i.cal disks . 43.and i i M ni - D

B S0 S gL PR0A! Gh3kp 03000 B LocLuding 20 (Ml 01 sc)

ecor dlgg Iedlu: f18Y l30.bg LALTRA 0 bhe, AU 22,290 ch2c01 abar d i sks

contain in the storage units an in which the programis recorded,

such rgeordieng pHARAIUTLOSHRY ALY 4d ke thaeUsgl Wikl prBekngingestored in
the conputer. VO The steps formng the programrecorded in a recording

1~5; kSmEediseo Fay Recexetibedpihroralipghealiby peeeedsnggt anttheneorders
described.in the specification. However, they do not
synthesis processing and executes the corresponding billing
processing. Since the billing processing is similar to the

processing described with reference to the flowchart of Fig.

100, a description thereof is omitted.

’fﬁio In the foregoing description, the operation of the

television set terminal device 3 has been described.
Alternatively, for example, similar processing may be
performed by the camera terminal device 2.

Accordingly, the_sepérating portion 91 of the present

15 invention separates in real time a captured image into-a
foreground component image (ﬁoreground component image) and
a fbreground component image (foreground.compdnent image)
and perfo}ms in real time the motion-blur adjustment
processing of the féreground component image.

20 A recording medium in which a program for performing
the signal processing of the preseﬁt inventioh is recorded
may be formed of a package medium in which the program is
recorded; which is distributed for providing the program to.
a user separately from the computer, as shown in Figs. 4 and

25 5; such as the magnetic disks 41 and 61 {including a




have to be executed in a tine- series'nannef and they may be executed

concurrently or individually. 15 Industrial Applicabid?iRecemkecdd@h ng to the
present invention, a captured inage is separated in real time-into a

f oreground conponent imge (foreground conponent inmage) and a foreground
conponent 20 inmage (foreground conponent image), and. the notion-blur

adj ust nent processing of the foreground conponent image is perfornmed in
real” tine. Z 2 DEC 2005 - 214 CLAIM5S 1. An inmage processing apparatus
conprising: input nmeans for inputti{g inmage data hich is formed of a
predeterm ned nunber of pixel data obtained by a predeterm ned nunber of

i mge-capturing devices including pixels, the inmage-capturing devices each
having a time _integrating function; mxture-ratio, estimating neans for
estlng%?ﬁgbéerﬁi%?ﬁ}e that pBtierl adhbgedddr eadi A2t hEFHagengataCPhput’ f rom

- the input neans, the m xed area including a m xture of foreground obj ect

conpoR@ téCPBPﬁFFgDéSFoR%@?oﬂ%HYo%?@%?ybfaFﬂe |ﬁgae(aé9é 4hd backgr ound

obj ec a background o ct. of -4 i e dat a;
separg?FBﬁ 3n 1?8? sebg?aT?ﬁ@eF% ?EEFC? 15KR fRed &gng sis "of the

mxturer |

KU R RSSO0y L] XIS LS ERLALTILRG) Feogs the T e

5 .the semiconductor memories 44 and 64. The recording medium
may also be formed of the ROMs 22 and 52 or hard disks
contained in the storage units 28 and 58 in which the
program is recorded, such recording medium being provided to
the user while being prestored in the computer.

LO The steps forming the program réc‘o_rded in. a recording
medium may be executed chronologically éccording to the
orders described in the specification. However, they do not

"have to be executed in a time-series manner, and they May be.
executed concurrently or individually.

15
Industrial Applicability

According to the p:eSent iﬂvention, a captured image is
separated in real_time-into a foreground component image
(foregrbund component image) and a foreground comp@nent

20 image (foreground component image), and the motion—blur

adjustment processing of the foreground component image is

performed in real time.




into a foreground conponent inmage forned-of the foreground 'objecf
conponents formng the foreground object of the image data and a :
RN

background conmponent inmage fornmed of the %20 background -obj ect co
form ng the background object of the,inage data; and storage neans for
storing in real time the foreground conponent imge and the background
. conponent inmage, which are separated by the separation neans. 25 2.-
An. i mage processing apparatus according to claim1, 22 Decenber 2005 - 215
further conprising image-capturing,qgans for capturing an image which.is
formed of the inmage data fornmed of pixel values determ ned. in accordance
with the intensity of light formng the image which is integrated with
respect to tine in each pixel by the predeterm ned nunber of
i mage-capturing devices for conveskAXgpthe |ight forming the i nage into
el ectrical charge and integrating with respect to tinme the electrical
char gé -ged®r d'éFnPrPRESFRHT0SPRATRItM Sc GMPPrdSERT 3. An image processing
apparatus according to claim2, d 13 further conHLiSing? i mage-capturing
command neéﬂguFo?e%?%iﬁ%ral%ﬁﬂ%ﬁhﬂgt6magﬁed?ﬁ%g%-%§5t&?iﬁ@rﬁégngfto capture
the i e; and inmage-capturing billing neans for executing billing
procegg'ﬁgd%%efg§8gﬁ38 th8%cBﬁﬁﬁﬁd%ﬁFBWPgﬁélPﬁgggy 5 capturing command
TeANS pdaehd hIRYE ROLAGEESHRY;ARRAT ALY LEGRG" 4L09che GhAhuhng urther
conprising: _ _
pixels, the image-capturing devices each having a time
integrating function;
mixture-ratio estimating means for estimating a mixture
ratio for a mixed area in the image data input from the
:«myo input means, the mixed area including a mixture of
t .
foreground object components forming a foreground object of
the image data and background object components forming a
background object of the image data;
separation means for separating in real time, on the
15 Dbasis of the mixture ratio estimated by the mixture-ratio
_ estimating means, the image data input from the input means
into a foreground component image formed of the foreground -
cbject coﬁponents forming the foreground object of the image
data and a background cbmponent image formed of the
- 20 backgroundlobject components forming the background object
of the,image data; and
storage means for storing in real time the foreground
component image and the background component image, which

are separated by the separation means.

25 2. An image processing apparatus according to claim 1,



s,

i mge di splay neans for displaying the foreground conponent inmage and the
background conponent inmage which are 20 separated i n 42B¢cembes 2046 t he -
separation nmeans and the foreground conponent image and the background
conponent inmage which are already stored in the storage neans; inmage
speci fying means for specifying a desired foreground conponent inmage and
background conponent inmage 25 from anong the foreground conponent inage and
t he background 22 DEC 2065 - 216 5 conponent image which are separated in
real time by the separation neans,and which are displayed by the inmage

di spl ay neans and the foreground conponent ii6age and the background
conponent inmage which are already stored in the image display conbining
means_for conbi ning the desired storage neans and which are displayed by

“the ST HRPFGRIGDURRIDTRRINEHE 1D FrdtRa % df P ckyp BahdngodPonent i nage

conb

R

whi ch are specified by the(;$ecifyjng means )J/0 5. An ipmage processing
appardase Ftrstdilfy fomadiad 409 uitdes orpriermed ebmbi®fhg command neans
for g;ving a, command to the conbining means to conbiné”inagesj and

[

A DidaGSTgIRESh S RCHRTHY b} | iy tntensity of Iight

'fOrming the image which is integrated with respect to time
l_5 in each pixel by the predetermined number of imagemcapturing
devices for converting the light forming the image into
electrical charge and integrating with respect to time the
electrical charge generated by the photoelectric conversion.
3. An image processing apparatus acCording to claim 2,
1? further comprising:
image~capturing command means for gilving.a command to
the image-capturing means to capture the image; and
image—capturing billing means fof executing billing
processing in response to the command from the image—
15 capturing command means.
4. An image processing appagatus_according to claim 1,
further comprising:
image display means for displaying the foreground 
component image and the background component image which are
20 separated in real time by the separation means and the
forEground component image and the backgrouhd component
image which are already stored in the Storage.ﬁéans;
image specifying means for specifying a desired
foreground component image -and background component image

25 from among the foreground component image and the background



15 processing in response to the command fromthe conbining comuand neans.
6. An'inage processing apparatus according to claiml, further conprising:
storage command nmeans for giving a command to the 20 storage neans, the
command instructing whether or not to store in real tine the fo?@gﬁ%&ﬁﬂﬁ
conponent image and the background conponent inage which are separated by
the separation neans; and storage billing neans for executing billing
processing 25 in response to the command fromthe storage comand neans..
22 Decenber 2005 - 217 7. An inmgeigrocessi ng apparatus according to claim
1, further conprising: notion-blur adjusting means for adjusting-notion
blur of the foreground conponent image which is separated in real 5 tine
by the_separat.ian neans .or the fore%round_co onent, inagp whi ch is already
r

st or ed T THE' sttt "heals 218, SARIIHGE frod&ssi g™ Sphir &°%s according to
R TR et b R e e e A
et S SR IO LU0 R R TER AT
background component image which are already stored in the
5 Astorage means and which are displayed by the image display
means; and
combining means for combining the desired foreground
component image aﬁd background component image which are
specified by the specifying meané.
\ﬁO 5. An image processing apparatus according to claim 4,
further comprising:
combining command means for giving a command to the
combining means to combine images; and
combining billing means for executing billing
15 processing in response to the command from the combining
éqmmand neans.
6. 'An‘image processing appafatus accordihg-to claim 1,
further comprising:
stdrage command means for giving a command to the
.ZQ storage means, the command instructing whether or not to
store in real time the foreground componenf image and the
background component image which are separated by the
separation means; and
storage billing means for exeéuting billing processing

' _25 in response to the command from the storége command means.



conbi ni ng means for conbining.the not i on- bl ur --adj ust 15 for und
conponent i mage generated by the notion-blur adjustﬁﬁd}ﬁﬁﬁﬁﬁrgﬁﬁgthe'
background conmponent inage, wherein the notion--blur-adjusted--inage

di spl ay neans di splays an i nage generated by conbining, by the-conbining

means, the notion-blur-adjusted foreground conponent inage 20 generated by

t he notion-blur adjusting neans and the background conponent inage 10. An
i mage processing apparatus according to claim?7, further conprising:
processing-tinme neasuring nmeans fagrireasuring tinme 25. required by the
not i on-bl ur adjusting neans to adjust the 22 DEC 2005 - 218 notion blur of
the foreground conponent inage; and notion- qur-adjustnent billing nmeans
for ecqglngngllllp rocess&ﬁ%alntaccordan e mn%h ge ti e measur ed by
t he proceSS|ng 17 e TEES U h S e -5 117 AR g e® 3%@3 ng appar at us
accorfUE@héf) claimg, further conprising: operation-tine measuring neans
for measuring operatio time thereof; and operation billing nmeans for

execut i ng Jbiililjng, o o %%'tqglgﬂl%%csornﬂ?p 4B Ao LT, EASUT ed by the

operation-tinme neasuring nean proce sing nme conpri sing:

an i nputerad e Qg I tddighd JBge ﬂ@é@e"%f@h'§sfgéﬂggat8& 2nPLedet erm ned
nunber of pi xel data obtai'ned by a

S time by the separation means or thg foreground component
image which is already stored in the storage means.
8. An image processing apparatus according to claim 7,
further comprising:
motion-blur-adjusted-image dispiay means for diéplaying
%Fl@ the motion;blurwadjusted foreground component image
generated by the'métion—blur adjusting means.
9. An image processing apparatus according to claim 8§,
further Comprising:
combining.means for combining the motion-blur—-adjusted
15 foreground component image generated by the motion-blur
adjﬁsting means and the background component image,
 wherein the motion~blur—-adjusted-image display means
displays an image generated by combining, by the combining
means, ﬁhe motion~blur-adjusted foregroundVCOﬁponent image
20A generated by the motion-blur adjusting means and the
background component image.
10. An image processing apparatus.according to claim 7,
further dqmprising:
processing—time measuring means for measuring time

25 required by the motion-blur adjusting means to adjust the



15 predetermnmi ned nunber of image-capturing devices including pixels, the
i mage-capturing devices each having a tinme integrating functiOEQ'gEQ'ﬂmﬁ
m xture-ratio estimating step of estimating a mxture ratio fof a m xed
area in the image data input in the input 20 step, the m xed area
including a mxture of foreground object, conponents form ng a foreground
object of the image data and background ohject conponents formng a
background object of the inage data; a separation step_ of .separating in -
real time, on the 25 basis of thezamgxture ratio estimated in the

m xture-ratio 22 Decenber 2005 - 219 estimating step, the imge data input.
inthe input step into a foreground conponent image fornmed of the

foregn&)qgjogjeﬁ; ongn nts form.ng the foreground obj.ect of the inmage
data and a b ékgr@ nd"€o 5ﬁ8ﬁ?upﬁa%8mP8Pﬁ8& f'*PHe BACtkground obj ect
component s Lor gng; | he_ hackaround, obl eet olafhecimoe. datgay and a storage
step of storing.in Feaf 11 He e foregr und conponen? Imagé and the

backgrpund &P 'E%@E.iingﬁ%gx,’[ 'ﬁgfgkghan%rg.ewa%ﬁaftﬁ e.@i}agz‘t{l@g;%%ar alj on step.

13. An inmage processin according to claim urther-conpri sing:

an inqgg;%ﬁgk%gsqggsgggeokéggggghbngeggs[nage which is formed of the image
data forned of pixel values determ ned in accordance with the intensity of

li ght fior marg iwh@el PROLestEnyhbpBakrathBt a8EaLadnYl £B. EeaRACR tO time in
each pixel by
further comprising:
operation—-time measuring means for measuring operation
time thereof; and
operation billing means for executing billing
{pﬁfo processing in accordance with the time measured by the
operation-time measuring means.
12. An image processing mefhod comprising:
an input step of inputting image dafa which is fqrmed
of a predetermined number of pixel data obtaiﬁed by a
15 predetermined ﬁumber of image-capturing devices inclﬁding
pixels,rthe image-capturing gevices each having a time
integrating function;
a mixtﬁre—ratio estimating step of estimating a mixture
ratio for a mixed area in the image data input in the input
20 step, the mixed area including a mikxture of foreground
object‘components forming a foreground object of the image
data and background object components forming a background
object of'the_image data;
a separation step of separating in real time, on the

25 basis of the mixture ratio estimated in the mixture-ratio




the predeterm ned number of image-capturing devices fRIp&QmHRFbodY the
light formng the image into electrical charge and integrating. with
respect to tine the electrical charge generated.by the photoel ectric
conversion. 20 14. An inage processing nethod according to claim13,
further. conprising: an inmage-capturing conmand step of giving a command
to the inmage-capturing step to capture the inage; and an inmage-capturing
billing step of executing billing 25 processing in response to the command
in the imge-capturing - 220 compng step. 15. An i mage processi ng met hod

‘according to claim 12, further conprising: an image display step of

displaying the foreground 5 conponent i mage and the background conponent
mage are sg arated in real in the separation step and the

foregrounﬂa56ﬁ%oﬁ '|E%@e1%i@etﬁ%t%ab%%?5uﬁﬂ £ bﬂ@HF SFﬁﬁgéHRﬁlch are

2 532.9¥e§E8%§$%%c?‘0%26 tnp %ﬁra%é?eﬁg%%ﬁ‘%%}@a%ie%e RO BSHROnERe<Fhage  Trom
anon r e t he ba ound - CO nent i mge
mh|cﬂcg$§°§g%gga€ |n rea ﬁéré (%eQ)Ggaéﬁ% i On- s %%ggn gﬁlch areg

di spl dyi ent inmage and
thepbﬁﬁﬁgroﬁ%% 5 conpon é?ﬂé%%gghﬁﬁlgﬁg%re a 0§$g¥§9ggﬁ&the sto?age

Step aBfle¥hi EduEE L g S PF SHLh & %ﬁ@%déﬁ%ﬂé%@ﬁ’eéﬂ%’f 2R fnggabi ning
step of conblnlng t he desired foreground
data; and
a storage step of storing in rgal-time the foreground
component image and the background component image, which
are separated in the separation step.
10 13. An image processing method according to claim 12,
further comprising:
an image-—-capturing step of capturing an image which is
formed of the image data formed of pixel values determined
in accordance with the intensity of light forming the image
15 which is integrated with respect'to time in each pixel by
the predetermined number of %ﬁagewcapturing‘devices for
converting the light forming the image into electrical

charge and integrating_with_respect to time the electrical

charge generated by the photoelectric conversion.

20 14. An image processing method according to claim 13,

further.comprising:

an'image—capturing command step of giving a‘COmmand to
the image-capturing step'to capture the image; and

an image-capturing billing step of executing billiné

25 processing in response to the command in the image-capturing




E

conponent i mage -and background conponent image which are specified in the
speci fying step.. 20 16. An inage processing nethod accordi ng,to_ clai-m 15,
further conprising: a conbining command step of giving a Conng dDE%ZﬁEe
conmbi ning step to conbine images; and .a conbining billing step of
executing billing 25 processing in response to the command in the conbi ni ng
22 Decenber 2005 - 221 command step. 17. An inmage processing net hod
according to claim 12, further conprising: a storage command step of giving

"a command to the storage step, the-gpmmand instructing whether or not to

store in real time the foreground conponent inage and the background
conponent inmage which are separated in the separation step; and a storage
billing step. of executing billing processing in response to the conmand in
the st ?ﬁﬁ@ﬁﬁéﬁﬁﬁhd step 18. An inmge processing nethod according to. claim

12, further conprising: a notion-blyur adjusting step of .adjusting notion
bl ur %j#‘ tk‘fﬁ%ﬁﬁ%%é‘?ﬁtq%ﬁ '%’H“q gc%ecplfr]é‘iéuzl nreal 15 tine
in thetﬁgﬁﬁ%gkgon step or the foreground conponent- ‘i nage which is al ready
stored 17 St

storage $ep. 19. An i nmage processing method according to
claim 18, aLu&hQ%% %9%8&5§ig%ép of displaying the foreground
5 component imége and the background component image which are
separated in real time in fhe separation step and the
foreground component image and the backgrqund component:

image.which are already stored in the storage step;

an image specifying step of specifying a desired

‘mﬁO foreground component image and background component image

from among the foreground component image and the background
-component image which are separated in real tiﬁe in the
separation step and which are displayed in the image display
step and the foreground component image and the background
15 component image which are already stored in the storage step
and which are displayed in the image display step; and
a combining step ofVCOmbiping the desired foreground
comppnenf’image and background component image which are
specified in the specifying step.
20 16. An imaﬁe processing method according to claim 15,
further comprising: |
a combining command step of giving a command to the
combining step to combine images; and
a combining'billing step of executing billing

25 processing in response to the command in the combining




.measuring operati

a notion-bl ur-adjusted-image di splay step of displayi 20 th '
not i on- bl ur - adj ust ed foreground conmponent i mage genéﬂ%b?ﬁ?WQ?rgﬂgﬁ
notion-blur adjusting step. 20. An image processing nmethod according to
claim 19, further conprising: a conmbining step of conbining the
not i on-bl ur-adjusted 25 foreground' conponent inmage generated in the
notion-blur 2.1-2 DEC 2005 - 222 adjusting step and the. background
conponent inmage, wherein the notion-Dblur-adjusted-inmge display step
di spl ays an i mage generated by comppping, in the conbining step, the
not i on- bl ur-adj usted foreground conponent image 5. generated in the
noti on-bl ur adjusting step and the background conponent inage. 21. An inage
processi ng net hod according to claim 18, further conprising: a
proce§ IO f&SReasuring step of neasuring tine required by the
nmot i on-,bl ur, adjusting step.to adjust the nption blur of_the foreground
conpo%gnt PRad ?gﬁnagacﬁﬁg?ﬁﬂ-%? FOddf GSPHEREI bF? I FHY Bt £H- of executing
birli@grgkgce%%%ngzin accordance with the time neasured’in the =
processing-ti me weasuPfng step -15 22 An i mage processing nethod according
to claim19, e ising: an .operation-time neasyring step of

g st(gyé(%% écgn:i\ir?r%qpc{ steé%fo;taa%l 1anrg Oap cO nd brﬁeq ﬁilihe

Her eration g step of
e&?CUEEBQaBE|EkBQ, the command instructing whether or not to
store in real time the foregréund component image and the
' background component image which are separated in the
separation step; and

a storage billing step of executing billing processing

H;¥p in response to the command in the storage command step.
+ 1

18. An image pfocessing method according to claim 12,
-further comprising:
a motion-blur adjusting step of adjusting motion blur
of the foreground component image which is separated in real
15 +time in the separation step or the foreground component
image which is already stored in the storage step.
19. An image processing method according to claim 18,
further cdmprising:
,a-motion—blur—adjusted—image display step of dispiaying
20 the'motioanlurfadjusted foreground component image
generated in the mot;on~blur adjusting step.
2?. An image proceésing method according to claim 19,
further comprising:
a combining step of combining-the motion-blur—-adjusted

25 foreground component image generated in_tﬁe'motion—blur




. of th@i@@ﬁﬂﬁsd%haimEBEUBe%@thQdiBQUEOEB@BEHb,Siﬁptthé

20 processing in accordance with the tinme neasured in the operation-tine
measuring step. 23_ A recording nedi um having recorded thereon2& @dedser-'
readabl e. program the program conprising: an input control step of
controlling the inputting of- 25 inage data which is fornmed of a- :
predet er mi ned nunber of 22 Decenber 2005 - 223 pixel data obtained by a
predet er m ned nunber of inage capturing devices including pixels, the

i. mage- capturi ng devices each having a time integrating function; a _

m xture-ratio estimting control —seegp ef controlling 5 the estinmation of a
m xture ratio for a mxed area in the image data input in the input control
step, the nmixed area including a m xture of foreground object conponents

f or m ng5.& e qdraun object. of the jnmage data and background object
oo e B bR U SR PR fadliad o Yo separ o § on

control St eReOL; GOBhE ohbL 0gnLHPu PERATALE R hdlyd SR b1 4P, 01 the basi s of

the m xture ratio estimate t xture-ratiro e control step,

6ﬁb§9§§§round

conponent inage formed of the foréground object conponents m ng the 15

foregseend ebieetbrobntbeurtBagudata 28¢-3-B8RK0E8HPInFOMPRASAL | Mage
formed of the background object conponents form ng the background object

of5 t hgenrmgeedatia; thadmatsbarpyarcaatuekiayeptop seat£rkling the storing,
in real time, of the foréground conponent. imge and the 20 background
conpoherkagirpagd, colipcheateimapgarated in the :
21. An image processing method according to claim 18,
further comprising:
a processingmtime measuring step of measuring time
5ﬁ0' required by the motion-blur adjusting step to adjust the
motion blur of the foreground component image; and
| a motion-blur-adjustment billing step of executing
billing_proaessing-in accordance with the time measured in
the processing-time measuring step.
15 22. An imége proceséing method according to claim 19,
further comprising:
an operation-time measufing step of measuring operation
time thereof; and
an operation billing step of executing billing
20 processing in accordancé with the time measured in the-
operation-time measuring step.
23. A recording medium having recorded thereon a computer—
readable.progfam, the program comprising:
- an input control step of controlling the inputting of

25 image data which is formed of a predetermined number of



separation control step. '24. A recording nedlun1accggq% %&_ g m 23
havi ng recorded thereon a conputer-readabl e program e progran1further
conprising: 25 an inmage-capturing control step of controlling the 21,2 oFc
2 - 224 capturing of an image which is formed of the inmage data formed of
pi xel values determ ned in accordance with the intensity of |ight formng
the image' which is integrated with respect to tinme in each pixel by the
predeterm ned 5 nunber of image-capturing devices for converting the |ight
formng the image into electrical xjdmrge and integrating wth respect to
time the electrical charge generated by the photoelectric conversion. 25.
A recordi ng medi um according to claim24 having recorded thereon a

t bl th furth
o St R B T SRR L B T o o
{ t i t d
TR RIS TP AR RS, S
bi 1 'c{@vﬂ{é}scfesﬁ%lp%éﬁrggsef)%e L0t 0g s e Tmoe capturing

command cont ste A recordi ng to claim23 having
recor ded thﬁﬁ%%ﬂr@—%%%ﬁ%t%%ﬁ&%%%ﬂﬂqecBBQQB@”btheoEV%QB%QBEQlkgfther

conprising: an inage display control step of controlling t
5 the estimation of a mixture ratio for a mixed area in the

image data ihpﬂt in the input control step, the mixed area
including a mixture of foreground object components forming
a foreground object of the image data and background object
components forming a background object of the image data;
.,h@ 7 a separation control step of controlling the separation
in real time, on the basis of the mixture ratio estimated in
the mixture-ratio estimating control step, of the image data
‘input in the input control step into a foreground component
image formed of the fofeground object components forming tHe
15 foreground object of the image data and a background
component image formed of the background object components
forming the background object of the image data; and
a stdtage coﬁtrol_step of contrelling the storing, in
real time, of the foreground component image and the
20 background compbnent image, which are separated in the
separation control  step.
'24. A fecording medium according to claim 23 having
recorded thereon a computer—readable prégram, the program
further comprising:

25 '~ an image-capturing control step of controlling the



di spl ayi ng of the foreground conponent inmage and the background conponent
i mge which are separated in real time in the separation Cqﬁ%%ﬁb tep and
t he foreground conponent 25 i mage and t he background conpone mage’ whi ch
are already 22 Decenber 2005 - 225 stored in the storage control step; an
i mage specifying control step of controlling the specifying of a desired
foreground conponent image and background conponent image from anong the

~foreground -conmponent image and the background conponent inmge which are
-separated in real tine in the sepakalion control step and which are

di spl ayed in the image display control step and the foreground conmponent
i mge and the background conponent inage which are already stored in the
storage control step and which are displayed in the i mage di splay control
st ep; AR K¥hiRThidy J&ﬂﬁerdﬂhlﬂ?eﬂ%ff%a‘w@/&ﬂ ith¢ tHe9€oRBtAi ng of the
desire fonigifund conpaonent jmage .and background conponent image which

are spetits P P Sy idRf e TERE o L s BEEOTIRNCK M tbr ¢y nedi um
accordi to ,claim.26 having . recorded thereqn. a,.conpyt®er-readabl e program
the prograhi - ot hdr SUnprling, The dBREen g orhand (ETRALER step of
contrqyuhpqrggg i,Vi of .a cQ nd _t he .caombini.ng contral step to ‘
conbi ne i maeg se;c,tgécr?d a conb r‘ﬁaﬁg Bll;f(le:in Ycécr%lter glreéjfaeﬁrf)nﬁng%nt rolling the
5 number of image-capturing devices for converting the light
forming the image into electrical charge and integratiﬁg
with respect to time the electrical charge generated by the

photoelectric conversion.

25. A recording medium according to claim 24 having

kqgo recorded thereon a computer—-readable program, the program

further comprising:
an image—capturing command control step of controlling
"the giving of a command to the image-capturing control step
to capture the image; and
15 an image-—capturing billing control step of controlling
the execution of billing processing in response to the
command in the image—capturing command éontrél step.
26. A recording mediqm according to claim 23 having
recorded thereon a computer—readable progrém, the program
20 further comprising:
an image display control step of controlling the
displaying of the foreground component image and the
background component image which are separated in real time
‘in the separation control step aﬁd the foreground component

25 image and the background component image which are already



execution of billing processing in response to the ¢ mdé?ZQ&?
conbi ni ng conmand control step. 25 2$%_ A recording nmedi umaccording to
claim 23 having 2- 2 DEC 2005 - 226 recorded thereon a conputer-readabl e
program the programfurther conprising: a storage conmand control step of
controlling the giving of a command to the storage control step, the
command 5 instructing whether or not to store in real tinme the foreground
conponent i mage and t he background conponent inage which are. separated in
the separation control step; and-a2gborage billing control step of
controlling the :10 execution of billing processing in response to the
command in the storage conmmand control step. 29. A recording nedi um

accor@&ggégoj%L??%1%%Oggégngoﬁéggﬁr%gg thereon a conputer-readabl e program

t he program er conpri si X ‘not i on- bl ur adjusting control step

of contr ol Lngnbje aghuSEPERL S6n0PLL0DCBLUE COELaLE, {ofgargund componen

i mge which is separated tine-in the separation.control step or

the fe@pREigYRdCerPangnt;i-aaI¢ M [ st ["i,n 4t he storage
contro s#gg? 38 30. A récordi33Q93§PE§1§%@%§§¥R§ ?géggaF%FQQ havi ng

recor sadkighensdn cangebHEe i nhgadakba ARGALAMhCt RErREOELAM  further
conpri si ng: o o
5 component image and the background component image which are
separated ih real time in the sepération control step and
which are displayed in the image display control step and
the foreground component image and the background component
image which afe already stored in the storage control step
=¥? and which are displayed in the image display control step;
1 and
a combining control step of controlling the combining

of the desired foreground component image and background

component image which are specified in the specifying

15 control step.

E 27. A recording medium éccogding to claim 26 having
; recorded thereon a CQmputerffeadable-program, the program
1 further cémprising:
a combining coﬁmaﬁd control step of controlling the
- 20, giving of a command to the cgmbiniyg control step to combine
images; and | |
a éombining billing control step of controlling the
execution of billinglprocessing in response to the command

in the combining command control step.

+ 25 28. A recording medium according to claim 23 having




a notion-bl ur-adjusted-inmage display. control step of controlling the

di spl ayi ng of the notion-blur-adjusted 25 foreground conponent ‘i mage
generated in the notion-blur 22 Decenber 2005 --- 227 - h"10' aﬂjustin
control step. 31. A recording nedi um accordi ng to-clain130-havii} PEE d
t hereon a conputer-readabl e prograns~t he' program further conprising: a. :
conbining control step of controlling the conbining of the _ :

not i on- bl ur - adj ust ed foreground conponent inmage generated in the

noti on-bl ur adjusting control stepsagd-the background component i nmage,
wherein the notion-blur-adjusted-image di splay control step controls the
di splay of an inmage generated by conbining, in the conbining control step,
t he noti on-pl ur-adj usted for%%%pund conmponent i mage generated in the

mot | oA BIOH eS0T HEEERG BofPPEIN e 7@ At Fe PBR urtdSc SHSSHER i nage.  32.

A rec %%% Imaepiur&gccor_ding to claim?29 having 15 recorded thereon a
corinpﬁ%erfreaggﬁle 6P8§ran1 the program further conprising: :

o process! Q0 MERESSLRG ORLIS) SLEp 2 SORLEAL (B cjjo easur ement o

tinme requirea adju ng contro

ot OB B L. 5] GoERaRE Bl P! e sc At e ren B el ot PRE Secut i on

ofs5 bi khisR4uRe68S§hRINER or not to store in real time the
foreground component image.and the becquound component
image which are separated in the separation control step;
and

a storage billing eontrol step of controlling the
ff:fO execution of billiqg processing in response to the command
in the storage command control step.
29. A recording medium according to claim 23 having
recorded thereon a computer—readable program, the progrem
further comprising:

15 a motion-blur edjusting control step of controlling the
adjustment of motion blureofﬁthe foreground component image
which is separated in real tiﬁe-in the separation control
step'or the foreground component image which is already
stored in the storage control step.

20 30. A recording medium according to claim 29 having
recorded thereon a computer-readable program, the proéram
further comprising:

a motion-blur-adjusted-image display controi step of
controlling the displaying of the motion-blur-adjusted

25 foreground. component image generated in the motion-blur



accordance wth the tinme neasured in the processing-ghﬂg [ as;bgag contro
step. 25 33. A recording nedium according to claim30% 3&8 ) C 2005 -

. 228 recorded thereon a .conputer-readabl e program the program further
conpri sing: an operation-time measuring control step of controlling the
measur enent of operation tinme thereof; and 5 an operation billing control

~step of controlling the execution of billing processing.in accordance with
the tine .nmeasured in the operation-tine nmeasuring control step. 34. A
program for instructing a conputerZd’o-performa process conprising: an
i nput control step of controlling the inputting of inage data which is
formed of a predeterm ned nunber of pixel data obtained by a predeterm ned

numbefq-Qfs 4 IRP SRR | g fevi ces i ncl udi ng pi xel's, the image-capturing
devi ces each having a tine integrating function; 15 a mxture-ratio

estimati Ngy GIHJ R 1 iR} SR Pilur® UUIAHAINY td her sk i FRthHRi9g a mxture ratio
for a m xed area in the inmage data input in the input control step, the

m xed-af@Ried "Hd1didig'a adhipdtde- adMrgnotng-abj eche CorRgrants forning a
foreground object of the inmge data and background object 20 conponents
f or ming-tahdrackgiptingd rafyj ect of the inage data; a separation control step of

controlling the separation in real tine, on the basis of-the nmixture ratio
estinatedainombﬁeinbxbunarbatb&e@@bﬁn&bhmqoaamngﬂthﬁ(qmmhﬁhﬂdgainage dat a
of the motion-blur—-adjusted foreground component image
generated in the motion-blur adjusting control step and the
background component image,
wherein the motion—blpr—adjusted—image display control
@ld step controls the display‘of an image generated by combining,
in the combining control step, the motion«blurwadjusted
foreground component image generated in the motion-blur
adjusting control stép and the background component image.
32. A recording medium according to claim 29 having
15 recorded thereon a computer—-readable program, the program
further comprising:
~ a processing-time measuring -control step of controlling
the measurement of time required by the motion-blur
adjusting control step to adjust the motion blur of the
26 foreground componenf image; and
a mdtion—blur—adjustment billing control step of
controlling the execution df billing~processingrin
accordance with the time measured in the processing-time
measuring control step.

25 33. A recording medium according to claim 30 having
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i,

input in the input control step into a foreground conponent 25 i mage formed
of the foreground object conponents form ng the 22 Decenber 95 aﬁ%

f oreground object of the i mage data and a background conponent nB "8 med
of the background object conponents formng the background object of the

i mge data; and a storage-control step of controlling the storing, in real
time, of the foreground conponent inage and the background conponent

i mge, which are separated in the separation control step. 35. A program
according to claim34 for instructppg a conputer to performa process
further conprising: an imge--capturing control step of controlling the
capturing of an image which is formed of the image data formed of pixe

val ues detﬁrgjngd in accordance with the intensity of ght formng the

i mage "WPERS s b ﬁf@@?a?eaomRPFﬁrr€§6§€Plﬁoprﬁ§an EQ@hpﬁ FEFTHy t he
prede%ernhg%dc%S nunber of inmage-capturing devices for converting the |ight
fornlng t e |naﬁgrﬁﬁﬁ8 electrical charge and |ntegrat|ng W th respect to

time the el gcoéé§§{1 haE e, eggg;%fg%ns?npr lphg gc n%u?g version. -36.

A program accor di ng A m or PLCTT ng e P8 performa

pr ocesscf megggﬁeﬁgﬂerw B304 LAPOE5EARNULLRG coand cont rol step of

controll'ing e gl ving a comman I'mAge-capturing control step
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execution of billing processing in accordance with the time
measured in the operation-time measuring control step.

34. A program for instructing a computer to perform a
process comprising:

K0 an input control step of controlling the inputting of
-image data which is formed of a predetermined number of
pixel data obtained by a predetermined number of image—
capturing devices including pixels, the image—capturing
devices each having a time integrating function;

15 a mixture-ratio estimating control step of controlling
the estimation of a mixture ;atio for a mixed afea'in.the :

‘ image data iﬁput in tﬁe input control step, the mixed area
including:a mixture of foreground object components forming

a foreground object of the image data and background object

20 cbmﬁonents forming a'backgrouﬁd object of the image data;

a4 separation contfﬁihstep of controllinguthe separation
.in real time, on the basis of the mixture ratio.estimated in
the mixture-ratio estimating control step, of the image data
input in the input control step into a foreground component

25 image formed of the foreground object components forming the




25 the execution of billing processing in response to the Z 2 DEC 2005 -
230 command in the inmage-capturing command control Fedppcegiber 20G5r ogram
according to claim34 for instructing a conputer to performa process
further conprising_ an imge display control step of controlling the 5

di spl ayi ng of the foreground conponent inmage and the background conponent

i mage which are separated in real tinme in the separation control step and
t he foreground conponent. inage and the background conponent inage which
are already stored in the storagezgontrol step; an inmage specifying
control step of controlling the specifying of a desired foreground

~conponent image and background conponent inmaege from anong the foreground

conpopent Lg@gﬁ g@ﬂ é@e Pagégroupgﬁcg oneﬁg Trrgge ggbéggaaﬁspseparaped in

real timeoin t paratton con | ayed in the

e e e R R LB begnaundpsamROngRoIage and ¢ he

background conponent are a rea tOrage contro

step randi i ehe 3£l @%ﬁaegb Bcthg el gelﬂhgel axtgongml step; and 20 a

conbi ning control step cont Ilng the conbining 6f the desired
foreground, camRARRNt-JIBIR. %\%ﬁa&ﬁ%&%lwoﬂ%‘tstgﬁﬂﬁ V‘h!uéh are

specified in the specifying control step. 38.” A program according to claim
3% fofedDstime] idif he 200 COFPELRA EBmPBHEAE M AagRr 8aAS$hbuUr t her

conpri sing:,
background component image, which are separated in the
separation control step.

35. A program according to claim 34 for instructing a

computer to perform a process further comprising:

, 10 an image-capturing contreol step of controlling the

fi

capturing of an image which is formed of the image data
formed of pixel values detérmined in accordance with the
intensity of light-forming the image which is integrated
with reséect to time in each pixel by the predetermined

15 number of image—captﬁring devices for converting the light
forming the image into electgical charge and integrating
Qith-respect to fime the elebtrical charge generated by the
photoelectriclconvérsion.
36. A program according te claim 35 for instructing a

20 cpmputer to perform a process further comprising:

‘an‘image—capturing command control step 0f_¢0ntrolling

the giving of a command to the image-~capturing control step
to éapture the image; and

an image—capturing billing control step of cbntrolling

25 the eéxecution of billing processing in response to the



22 Decenber 2005 - 231 a conbining conmand control step of controlling the
giving of a conmand to the conbining control step to conbine inmages; ‘and a
conmbining billing control step of controlling the 5 execution @f2 DEC! 30080
processing in response to the command in the conbi ni ng command contr ol

step. 39. A program according to claim34 for instructing a conputer to
performa process further conprising: a storage command control step of
controlling the giving of a command to the storage control step, the
command instructing whether or nobizpo-store in real tine the foreground
conponent image and the background conponent inage which are separated in
t he separation control step; and 15 a storage billing control step of

controllln he e ution of b||||ngcproce53|n in_response to the command
in the"gty (%éjbdﬁﬁﬁﬂﬂﬁﬁﬁhf?%F“§P€G APARD FOGE N adSRti ng to cl ai m 34

for ructing a conputer..to perfqrma_praqocess f r. conprising: 20 a
not | orbs}m urCA zfd‘% $EhG CSRYSO gt S‘flmcg’%t %%I 4 |lﬁ'§q2trﬁ1é: 09 it ment of notion
qur(g @Qﬁ oregr % 50npo r%%esﬁg%%Orthlc %§ sep rated in real tine in

t he separation Comt ste or t groun conpo ent i mage which is

al'Teady SLar S.bg htagﬁﬁggr BYECEON! LPLpSLEPCARc#b1 1l Rgibam according to

claim40 for insftruct
5 displaying of the foreground component 1mage and the

background component imagerwhich are separated in real time

in the séparation control step and the foreground component

image and the background component image which are already
stored in the storage control step;

"'&&0 an image specifying control step of controlling the
specifying of a desired foreground component image and
background componentAimage from among the foreground
component image and the background component image which are
separated in real time in the separation control step and

15 which are displayed in the image display control step and
.the foreground component image and the-backgrouﬁd componént
image which are already stored in the storage control step
and which are displayed in the image display control step;
and |

20 a éombining control step of controlling the combining
of the desired foreground component image and backgpqund
componentlimage which are specified in the specifying
control step.

38. A program according to claim 37 for instructing a

25 computer to perform a process further comprising;



Z 2 DEC. 2Wb - 232 conputer to performa process further conprising: a
noti on- bl ur-adj ust ed-i mage di splay control step of c2hDecdrhber@00be -

di spl ayi ng of the notion-blur-adjusted foreground conponent image generated
in the motion-blur 5 adjusting control step. 42- A program according to
claim4l for instructing a conputer to performa process further
conprising: a conbining control step of controlling the conbining of the
not i on- bl ur - adj ust ed foreground conponent image generat.ed in the

noti on-bl ur adjusting control step2ahd-the background component i nmage,
wherein the notion-blur-adjusted-image display control step controls the
di splay of an inmage generated by conbining, in the conbining control step,
the notiongb = adi ust o) d e W . gen ted in the
e L e R
A Proghgihaceer di Bomhangl 8bMAQ £8Fnk AShEUELhRGA sEREPYLEL L@ Rgr form a
process further conprising: a processing-tinme neasuring control step of
cont r @lhiyag ;- 3Aat he nmeasurenent of time required by the notion-blur
adjusting control step to adjust the notion blur of the foreground
conponent & NB@RE i@y a 101 1 @ - r &) sisdpesE Bbhti-801cRHt £RE step of
controlling the execution of billing processing in 25 accordance wth the
tiye mseasutédni aftbhelpingepssobgssing 22 beepshee 200%he command

in the combining command control step.
39. A program according to claim 34 for instructing a
computep to perform a process further comprising:
a storage command control step of controlling the
.rb giving of a command to thé storage control step, the command
instructing whether or not to store in real time the
foreground component image and the background component

image which are separated in the separation control step;

and
f 15 a storage billing control step of controlling the
|

execution of billing processing in response'to the command

K

in the storage command control step.
40. A program according to claim 34 for-instructing'a
'computer to perxform a process further comprising:

20 -a motion-blur adjusting céntrol step of controlling the
adjustment of motion blur of the foreground component'image
which is separated in real time in the separation.coﬁtrol
step or the foreground component image which is already
stored in the storage control step. -

25 41. A program according to claim 40 for inst:ucting a.




-- 233 neasuring control step. 44. A program according to claim4l for
instructing a conputer to performa process .further conpri siaﬁ@]:DEanms-
operation--tinme measuring control step of controlling 5 the neasurenent of
operation tinme thereof; and an operation billing control step of
controlling the execution of billing processing in accordance with the
time neasured in the operation-tinme neasuring control step. 2, 2 DEC
2005 - 234 ABSTRACT An object of the present invention is to separate in
real tinmea captured i mge into a-fggeground' -conponent inmage and a
background conponent inmage. An i mage captured by an 5 i mage-capturing unit
74 is separated into a foreg round conponent inmge and a background
conponent image, which are Stored in a inage storage unit 72- A billing
pr oceSSOPUFST %QrPSFEQIHiPIPHBCﬁF8c§§§Fﬁ§rt8 BRa‘ge"Pees for separating

the i LA i ti 91 f tion-bl ~0 [ f
tho sapar af QAoF b0 BoP bhinc LONRORAR ™ RGgR: BRESY GO pLeb ShEPprboossed

Lo earaundnemayredl LR 01 bt ACHHE U, SIS LRoe (o

asynt hesi zer er onbi nes

ot Ol B AC B8Ry ohO! 2ALUNGeARORAN ol FRECHARYohE,SEpar at ed

background 15 conponent inage“to”s esi ze an 1 nmage and di spl ays the

5 adjusting control step.
42. A program according to claim 41 for instructing é
computer to perform a process further comprising:
a4 combining control step of controlling the combining
of the motion-blur-adjusted foreground'component image
"fo generated in the motion-blur adjuéting control s£ep and the
background component image,
wherein the motion-blur-adjusted-image display control
step controls the display of an image generated by coﬁbining,
in the combining control step, the motion—blur—adjﬁsted
15 foreground component image generated in the motion-blur
adjusting control step and the background component image.
43. A program according to claim 40 fbr instructing a
computer fo perform a process further cdmprising:
a prqcessing—time measuring control step of controlling
20 the measurement of time required by the motion-blur
adjusting control step to adjust the motion blur of the
foreground component image; and
a motion-blur-adjustment billing control step of.
controlling the execution of billing processing in.

25 accordance with the time measured in the processing-time




synt hesi zed i mage on a display unit 73. The present JINEU AL 2bS5
applicable to a canera term nal devi ce.
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measuring control step.

44. A program according to claim 41 for instructing a

computer to perform a process further compriéing:
an operation-time measuring control step of controlling
5 the measurement of operétion time thereof; and
~ an operation billing control steb of controlling the
execution of billing processing in accordance with the time

measured in the operation-time measuring control step.
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ABSTRACT

An object of the present invention is to separate in
real time a captured image into a foreground”coﬁpgzent image
and a background component image. An image captured by an
image-capturing unit 74 is separated into a foregrouﬁd
component image and a background component image, which are
stored in an image storage unit 72. A billing processor 75
performs billing processing to charge fees for separating-
the image. A separating portion 91 performs motion-blur
processing of the separated foreground component image and
outputs the processed foreground component image and the
backg;ound component image to a synthesi;er 92. The
synthesizer 92 combines the input motion-blur-processed
foreground component image and tﬁe separated background
component image to synthesize an image and displays the

synthesized image on a display unit 73. The present

invention is applicable to a camera terminal device.



