*159159* DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD  Techni cal
Field 5 The present invention relates to inage processing apparatuses and
nmet hods, and nore particularly, to an inmage processing apparatus and
met hod f,or separating in real time a captured inmage into a fore ound

conponent image and a background conponent inmage and fo mmmmmm
real -time 10 notion-blur processing of the foreground co

Background Art Technol ogy for processipg captured inages hasqgn&dually
becone popul ar and wi dely used. 15 Hitherto, notion blur that arises when
two different images are conbined or when an inmage of a moving subject is
captured is elimnated by separately combining the images after the images

Cace, that 1o “when thei mage of the.moving. subj cct i s MMPMMMAIIGre <

a nmet hodIMBGEE BROGEAATNAQGAPRARBAUSt ANR MBTHOR bl ur that ari segesue to the
nmotion. Specifically, for exanple, as shown in Fig. 1A, when an image of a
subject swinging a golf club is captured, 25 a displayed inage includes a

blurred _anngQ 9931&0 the

5 The present invention relétes to image processing
apparatuses and methods, and more particularly, to an image
processing apparatus and method for separating in real time
a captured image into a foreground component image and a
background component image and for performing real-time

10 motion-blur processing of the foreground component image.

Background Art
Technology for processing captured 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 separately combining the images
after the images have been captured or by eliminating the
motion blur.

20 In the latter case, that is, when the image of the
moving subject is captured, there is a method for
eliminating in real time motion blur that arises due to the
motion. Specifically, for example, as shown in Fig. 1A,
when an image of a subject swinging a golf club is captured,

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



nmotion of the golf club. The effect that arises when such a blurred inmage
is displayed is the so-called notion blur. In order to elimnate the notion
blur in real time, as shown in Fig. 1B, one possible nethod uses 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, h?e | um 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 himghispeefl thaegalflaltbe fDhegeffigctrethat, arheesmagensynthesi s
processing 15 cannot be perforned in real tinme. In the synthesis

processi hgurrédt hmagei $sndisphgeedebdethéososyal hedi sptaan bhage nust again
be captured at the sane place. There is a nethod for performng the

moti on-bl ur eln erdes orp prroeiysty the mekion ikdkur For ks@hptiEne capt uri ng an
image of a wild 20 aninmal at night for the purpose of ecol ogical

obser vat fbawnusnnfighel Bor egei pgsabbhedupablodr hghcted RhehwpPaedni mal ,

which is the subject, since the foregoing nethod invol ves using i ntense

| i ghtd ngCamera FesEpPturfie®Rait?raf - ecBR8Byar may2d6t 1peCBBSBFFEIPY25

Di scl osure of .l nvention The present inventign has been made i n yi ew of the
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

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 shutter 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 captured 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 subject, since the foregoing method involves
using intense lighting. As a result, the natural ecology
may not be observed.

25



above-descri bed background. Accordingly, it is an object of the present
invention to achieve in real tine synthesis 5 processing and notion-bl ur
adj ust ment processing in processing an image. An inmage processing
apparatus of the present invention includes input nmeans for inputting

i mge data which is formed of a predeterm ned nunber of pixel data
obt ai ned by a 10 predeterm ned nunber of inmage-capturing devices including
pi xel s, the image-capturing devices gaﬁh_having atime integrating
function; mxture-ratio estimating neans for estimating a mxture ratio
for a mxed area in the image data input fromthe input neans, the m xed
area including a 15 m xture of foreground object conponents formng a

f oregroundscabpect of Theenmidige data and background obj ect conponents
form ng a background object of the inmage data; separation neans for
separating i nTheapresemt bnvemelpashas gfeehenade xtureiewtd ehei mated by
the mxture-ratio estimating 20 neans, the inmage data input fromthe input
means i neboye-flepegibafddbaskpsaund i n&géovféﬁﬁggy@f ifthé sf 6Pe§P3GRE OBj ect
conponents form ng the foreground object of the_inmage data and a

backgr ouitBiec BEpSRBHt 1NHAGELPBr kedachieHe BAck§réuidmeoBysitegdfponent s
form ng the background object of the Lna%e 25 data; and storage neans for
storithg PROFESF1PPnEREnBOT1gn-PopEgREIHATEERPORERCESREYE dRd t he background
conponent inm whi ch are separated by the separation neans. The inage

€,
processiHﬁoﬁﬁﬁgFﬁgugnnﬁVagﬁrther i ncl ude

An image processing apparatus of the present invention
includes input means for inputting image data which is
formed of a predetermined number of pixel data obtained by a

10 predetermined number of image-capturing devices including
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 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 object of the image data; separation
means for separating in real time, on the basis of the
mixture ratio estimated by the mixture-ratio estimating

20 means, the image data input from the input means 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 object of the image

25 data; and storage means for storing in real time the




i mage- capturing neans for capturing an inmage which is formed 5 of the

i mge data fornmed of pixel values determ ned in accordance with the
intensity of light formng the image which is integrated with respect to
time in each pixel by the predeterm ned nunber of inage-capturing devices
for converting the light formng the inage into electrical 10 charge and
integrating with respect to tinme the electrical charge generated by the
phot oel ectri c conversion. The inage prgce53|ng apparatus may further
include image-capturing command neans”for giving a command to the

i mage-capturing neans to capture the inage; and inmage 15 capturing billing
means for executing billing processing in response to the command fromthe
i mge- capbuegnguadnuandonapransmagbheandagbepbackgsbngdapparanastmay furt her

i nclude imge display nmeans for displaying the foreground conmponent 20

i mage andmepe, bubkghoand seppoaend bmagbethphratéosemaﬁaﬁed inreal time
by the separation nmeans and the foreground conponent inage and the
background coNpoNERUe neRRCeRs D axrpard Feadyast biethen thelyderage neans;

i mge specifying means for specify a _desired foreground conponent image
and 25 bé@ﬂgﬁoﬁﬁﬂtééhﬁén@ﬁﬁnﬁnﬁ@é FﬁEgPﬁhﬁﬁgaPhémFSPeQPéﬁﬁdléoﬁﬁSW@ﬁt i mage
and t he background conponent image which_are rated.in real time by the
separati 84 HBSns™aHA ﬁﬁFéhfaF@eddngPéﬁéa B?lPﬁé 3ﬁ§§émaﬁ§ Ié? means and

the fore roun cgnpgnegt b ge gnd t he %aiﬁgﬁg @d co onﬁ i %e whi ch are
5 al read§SPEFRACENYLRE EP6r AGESREARY 9Ad hE8FEL8Ps b ﬁyéﬂ

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 processing apparatus may further include
image-capturing command means for giving a command to the
image-capturing means to capture the image; and image-

15 capturing billing means for executing billing processing in
response to the command from the image-capturing command
means.

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 image and the background component image which are
already stored in the storage means; image specifying means
for specifying a desired foreground component image and

25 background component image from among the foreground



by the image di splay neans; and conbi ni ng neans for conbining the desired
foreground conponent image and background conponent image which are
specified by the specifying neans. 10 The i mage processi ng apparatus may
further include conbining command neans for giving a conmand to the
conmbi ni ng nmeans to conbi ne i mages; and conbining billing neans for
executing billing processing in response to the command fromthe conbining
command neans. 15 The i nage processing_apparatus may further include
storage command neans for giving a conand to the storage neans, the
command instructing whether or not to store in real tine the foreground
conponent inmage and the background conponent inage which are separated by
t he sepatamponemeansag@Oaaddtatobagiegbblihdngompansentoimegecwhiiny bickl i ng
processing 1in response to the command fromthe storage comrand neans. The
i mage preepssahgdapparatlistimy bur ther sepekatéonomneensbbod atjiebt emg neans
for adjusting notion blur of the foreground conponent inage which is
separ at edipnlegall binthe25mpyget Haspépyr mepoa Ardnther fohegteragr ound
conponent image which is already stored in the storage neans. The inage
processi AgMEPPpanst iwagayandr ther brgkbugendnepMBANBRGr 1BEGPEsWBdchmage

di spl ay neans for displaying the notion-blur-adjusted foreground conponent
i mge® geaéirapdy Byorsdt ha ﬁg?i 6ROBROP BEPNSt RRY WBARE. 2TRedigR4EYFFocessi ng

apparatus may further include conbining neans, for conbining the
nDtion_berxéajﬁgﬁga display means; and combining means for

combining the desired foreground component image' and
background component image which are specified by the
specifying means.

10 The image processing apparatus may further include
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 instructing 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 response to the command from the storage command means.

The image processing apparatus may further include
motion-blur adjusting means for adjusting motion blur of the
foreground component image which is separated in real time

25 Dby the separation means or the foreground component image



f oreground conponent image generated by the notion-blur adjusting nmeans
and t he background conponent image. The 10 noti on-bl ur-adj usted-i mge

di spl ay neans nay di splay an inmage generated by conbining, by the
conbi ni ng neans, the notion-blur-adjusted foreground conponent inmage
generated by the notion-blur adjusting nmeans and the background conponent
i mge. 15 The inmage processing apparatus may further include

processi ng-time neasuring nmeans for neasuring time required by the

nmoti on-blur adjusting neans to adjust the notion blur of the foreground
conponent image; and notion-blur- adjustnment billing means for executing
billing processing in 20 accordance with the tinme neasured by the

processi wjichmes masatiyngtoeadsinThael sageapeomessisng appar at us nmay
further include operation-tine nmeasuring nmeans for neasuring operation
time thereof Thantdnaperatooasbihyi agparahssfoayeRectheéngibeclhdag 25
processing in accordance with the tinme neasured by the operation-tine
measur i ngomdansblan-edage tpdodmegienginpibydmepnshéopr edeitl alvinantthen
includes an input step of inputting inmage data which is fornmed of a

pr edet er APke@PnRAEragi UpiRE| faaearoprnai feBPpReats ipregetensiraégdnbaber of
inage-capturin%_devices including pixels, the inmage-capturing devices each
havi iy a “PenBOtiRPagrHE AFIREREPPORS2RS xture-rati o estimating step of
estimating a mxture ratio for,a mxed area in the inage, data input in the
i nput step, thBSnTRRYE FEACTHEIYi pgParatus may further include

combining means for combining the motion-blur-adjusted
foreground component image generated by the motion-blur
adjusting means and the background component image. The

10 motion-blur-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 measuring means for measuring time required
by the motion-blur adjusting means to adjust the motion blur
of the foreground component image; and motion-blur-
adjustment billing means for executing billing processing in

20 accordance with the time measured by the processing-time
measuring means.

The image processing apparatus may further 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



10 m xture of foreground object conponents form ng a foreground object of -
the i mage data and background obj ect conponents form ng a background
object of the imge data; a separation step of separating in real tine, on
the basis of the mxture ratio estimated in the m xture-ratio estimating
step, the 15 inmage data input in the input step into a foreground
conponent inmage forned of the foreground object conponents formng the
foreground object of the inage data gnﬂ a background conponent inmage
formed of the background object conpohents form ng the background object
of the image data; 20 and a storage step of storing in real tinme the
foreground conponent inage and the background conponent image, which are
separ at edpenathensepae aheasusiep. mdhrsi mage processi ng nmethod may further
include an image-capturing step of capturing an image which is formed 25
of the inmage AatEmdar methofs pineg|mehedsofetlee pnesenh becordogirce with the
intensity of light formng the image which is integrated with respect to
time in eachugerepnbynprhesperdefetnbretinanbepgef dpfidgehéapt &Fi ng devi ces
for converting the light formng the inmage into_electrical 5 charge and
i nt egr at fA§MRAt Afr espeedetarninedt RumbpEcPEi PaKkelcAaF8eChEAeRr8Ee8YDF t he
phot ocel ectri c conversion. The inage processing nmet hod nag fTrther i ncl ude
an itagBr89ptEFIhECE oRHERET sPEpIBRIGT GPRYVEIENHENYCES tREIUding
i mage- capt uring siep_to capture the i,mage; and an_inmage 10 _capturing
bi | I'i ng %éﬁaﬁf E Ecb??ﬂﬁ‘g?PFFﬁbnSrSﬁgggFﬁge?ﬁﬁ P@gbgﬁs@ Fbmghe command in
the '”agﬁh%QBEEEEHE %Sgggggn§tgpmixture—ratio estimating step of
estimating a mixture ratio for a mixed area in the image
data input in the input step, the mixed area including a
10 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
ratio estimated in the mixture-ratio estimating step, the
15 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 object of the image data;
20 and a storage step of storing in real time the foreground
component 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

25 of the image data formed of pixel values determined in



The i mage processing nethod may further include an inmage display step of

di spl ayi ng the foreground conponent inmage and the background conponent

i mge which are separated 15 in real tine in the separation step and the

f oreground conponent image and the background conponent image which are
already stored in the storage step; an inmage specifying step of specifying
a desired foreground conponent inmage and background conponent inmage from
anong the foreground 20 conponent inggﬁ and the background conponent i nage
which are separated in real tinme in the separation step and which are

di splayed in the image display step and the foreground conponent inage and
t he background conponent inage which are already stored in the storage

st ep and asriogtdaace diigghl ahed i2% ens ittlye ofrdderhdi Splrani nst eghve dmchagge conbi ni ng
step of conbining the desired foreground conponent inmage and background
conponentvhiiipdgd swhindle gaed esperdithi e sipe ctthés os péoief \imngasthepixHie biymage
processi ng nethod may further include a conbining command step of giving a
comand tidet Predeisimmiingd pumbes ©f dowgieTeantRgesy ey igesomsimi ng billing
step of executing billing processing in response to the conmand in the
conbi ni nGOEFRRARS S 1TIE Y FRFEIPCoEESSilAGIfetiid® R FHiI%dr i ncl ude a
storage comand step of giving a.command to the storage step, .10 _the
command iSOG BNy LRtETRet 159 H&th6%§H%9§iﬁ?|ﬁ%¥etéaﬁBQQﬁ§?¥H%ﬂfound

conmponent_.i mage and the background conponent, inmage which are separated in
Lhe' sepallfiGh SEBET atE RY H6r RICHEAECRY 16t E5PSPTERERut i ng bi |11 ng

processing inThe 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 processing method may further include an
image display step of displaying the foreground component
image and the background component image which are separated
15 in real time in the separation step and the foreground
component image and the background component image which 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 foreground
20 component image and the background component image which are
separated in real time in the separation step and which are
displayed in the image display step and the foreground
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



response to the conmand in the storage command step. 15 The i nmage
processi ng nethod may further include a notion-blur adjusting step of
adjusting notion blur of the foreground conponent image which is separated
inreal time in the separation step or the foreground conponent inage
which is already stored in the storage step. 20 The i nmage processi ng nethod
may further include a notion-blur-adjusted-inage display step of
di spl ayi ng t he nDtion-bIur-adjusted_fgrgground conmponent i nmage gener at ed
in the notion-blur adjusting step. Thé image processing nmethod may further
include a 25 conbining step of conbining the notion-blur-adjusted - 10
f oreground conponent image generated in the notion-blur adjusting step and
t he backgheudésdorgofdienegirnragd. cPhponapti dmagkeurnddpaskgdoumdge di spl ay
step may di splay an i mage generated by conbi ning, in the conbining step,
t he noti eAMBobEDIt- adpgst wHifbr agroapdcédipdnént theageegeAgiagedtier -t he
motion-blur adjusting step and the background conponent _inmage. The inmage
processi ng mefhedinage fpreaessing|neehed mapcéysthgrt ineludasari ng step of
measuring tinme required in 10 the notion-blur adjusting step to adjust the
not i on bFGFPeR1iPAe cPBMaRFogREPCcBApIAEART An§eMMaRd &°nmblFofoBPdR1aE] ust ment
billing steg of exeﬁuting billin processin%,in $cggndance with the tine
measut edStRPt k8 FPBRARE hf2ErTe ABdshr FREPINERT Phe LiRdgE t6Poldssi ng met hod
may further includ ;30 . . .

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,

10 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 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 i1s separated in real time
in the separation step or the foreground component image
which 1s already stored in the storage step.

20 The image processing method may further include a
motion-blur-adjusted-image display step of displaying the
motion-blur-adjusted foreground component image generated in
the motion-blur adjusting step.

The image processing method may further include a

25 combining step of combining the motion-blur-adjusted



15 operation-tinme neasuring step of neasuring operation tine thereof; and
an operation billing step of executing billing processing in accordance
with the tine nmeasured in the operation-tinme neasuring step. A programin
a recording nedium of the present 20 invention includes an input control
step of controlling the inputting of imge data which is forned of a
predeterm ned number of pixel data obtained by a predeterm ned nunber of

i mge-capturing devices including plx%kg the i mage capturing devi ces each
having a tinme integrating function 5 mixture-ratio estimating control
step of controlling the - 11 estimation of a mxture ratio for a m xed
area in the inmage data input in the input control step, the m xed area

i ncl udi ngoaegirrunde cofmpboragr dmadeobjeseratedpdneths morongblarf or egr ound
obj ect of the inmage data and background object 5 conponents forming a
backgr ourdlsbjtéog eftephendnaye Backgraundegsamarnentcemegsl- sl&e of
controllln% the separation in real tinme, on the basis of the mxture ratio
est i mat eBOA O R Uk ROINELEAriBaESt PAAPILAY E656Fr BRYSOLSPLoY eRe ifegge data
input in the input control step into a foreground conponent 10 inmge

f or med oﬂepﬁéaﬁﬁﬁeﬁﬁoﬁﬁ&béﬁﬁééb e Bfe AOEPLBARENG *oRe tp@r@@F&&ﬁd obj ect

of th .a an back round conponent image fornmed of the background
obje6§ gﬁgané §Sth %Pﬁ&gF BnﬂaEQGngﬁBtOBFQQF GPnFﬁétFﬁadQ' a; and a

1 L 1 1 1 15 t , f th
oreade et bR ERuRD 2 e b e shik 4Pk Sorblnb® Tombkk T O the
image.

The image processing method may further include a
processing-time measuring step of measuring time required in
10 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 method may further include an
15  operation-time measuring step of measuring operation time
thereof; and an operation billing step of executing billing
processing in accordance with the time measured in the
operation-time measuring step.
A program in a recording medium of the present
20 ‘invention includes 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

25 mixture-ratio estimating control step of controlling the



conponent image, which are separated in the separation control step. The
program may further include an imge-capturing control step of controlling
the capturing of an inage which 20 is formed of the inmage data fornmed of

pi xel values determined in accordance with the intensity of light formng
the image which is integrated with respect to tine in each pixel by the
predet er m ned nunber of inage-capturing devices for converting the |ight
formng the image into electrical 25 ﬁg?rge and integrating with respect to
tinme the electrical - 12 charge gene ed by the photoel ectric conversion.
The program may further include an inmage-capturing conmand control step of
controlling the giving of a command to the inmage-capturing control step to
capture theimmagen Sfaadmarturageacapt dorng hikktdngreaninokhst épagk
controlling the execution of billing processing in response to the

command datehénpoiagéncapeuihpgtconmandlcenepol theepixdtdeapreagr am may
further include an inage display control step of controlling the

di spl ayi aAgcodhdihg foméytovuadoflBoregponadt obiegé anuprphenbackgrodnd
conponent i mage which are separated in real tinme in the separation contro
step anda fhsegspupfonhdeebnpénehe image dagat Ardbher§esaRBICcERPERENt

i mge which are already stored in the storage control step; _an inmage
speci¥yi REVEOREREF §PERiBY eoReFbOrPHRdt ABIEStspécithgi p2Er dadesi Ped

f oreground conponent inage and background_c¢onponpent inage,fron1annng t he
foregrouﬁapara ion contrdl 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

10 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 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
control step.

The program may further include an image-capturing

control step of controlling the capturing of an image which

20 is formed of the image data formed of pixel values
determined in accordance with the intensity of light 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

25 charge and integrating with respect to time the electrical



conponent image and the background conponent inmage which are separated in
real time in the separation control step and which are displayed in the

i mge display control step and 20 the foreground conponent inmage and the
background component image which are already stored in the storage control
step and which are displayed in the inmage display control step; and a
conbi ning control step of controlling the conbining of the desired

f oreground conponent imge and backgrqund 25 conponent image which are
specified in the specifying - 13 control step. The program may further

i ncl ude a conbi ni ng command control step of controlling the giving of a
comand to the conbining control step to conbine inmages; and a conbining 5
billing cbatrpel gehepatkdcbyt tokl phgtbkeéecexedut convefrshiohl.i ng processing in
response to the conmmand in the combining conmand control step. The program
may further B¢ udeoaramonaygef¢ohnandincbnde odn stepgefcephurohyi ng t he
giving of a command to the 10 storage control step, the conmand

i nst ruct FARGMAREL Rentsplnstepoost epatiralidéal theediNanforégrogramedsponent

i mge and the Dbackground conponent inmage which are separated in the
separati 6@ &bRt LBRISTEpPtHKENE SPBILAGE BILEPi t§ €8RtPEE $hepimgPecontrol |ing
t he execution of billing processln?.in 15 response to the command in the
storaye EBFANARJIIEBHETERPSLERNT Phé ﬁﬁagpaﬁ¢ﬁ35 plePhef CRBIEGAE 14ng

noti on- bl yr adjusti.n ontrol step of contrqlling the adjustnent of notion
bl ur of the ex%cutiog o% g&l?ing p@ocessgng gn regponse t% tLe

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

control step of controlling the displaying of the foreground

10 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 specifying control step of controlling the

15 specifying of a desired foreground component image and
background component image from among the foreground
component image and the background component image which are
separated in real time in the separation control step and
which are displayed in the image display control step and

20 the foreground component image and the background component
image which are already stored in the storage control step
and which are displayed in the image display control step;
and a combining control step of controlling the combining of
the desired foreground component image and background

25 component image which are specified in the specifying



t he foreground conponent inmage which is separated in real tine in the
separation control step or the foreground 20 conponent image which is
al ready stored in the storage control step. The program rmay further
i nclude a notion-blur-adjusted- inage display control step of controlling
the displaying of the notion-blur-adjusted foreground conponent inmage 25
generated in the notion-blur adjusting control step. - 14 The program nmay
further include a conbining control _ pfp_of controlling the conbining of
the notion-blur- adjusted foreground conponent inmage generated in the
notion- blur adjusting control step and the background conponent 5 inage.
The noti on-bl ur-adjusted-inage display control step nay display an i mge
gener at edobyrodnsiteibng, in the conbining control step, the
not i on- bl ur-adjusted foreground conponent inage generated in the
mot i on- bl ur a@#ﬁsprﬂ@ra@om@Yofugtbgrahﬂclh@ebéckgmb@ﬂén@oﬁﬁmménﬂ i mge. 10
The progran1na{ further include_a processing-tinme measuring control step
of contr6PPRtAGLt RECReSUFORERP 1L NTt the FéydrPed@li A CREMFBE &F- Bher
adjustin% sge%,to adjust _ the notion blur qf the foreground conponent
i mage; af@MRiNABE 6APHEAE- §4FRstReROTBLPRI #2868t r 6PdsteFOBPI8dREr ol i ng 15
the execution of billing processing.in_accordance with ,the _ti nmeasur ed
n the pPodddBinGOPtRe InEasR, Phg CEBNE Pt L0efne FIEHEIGPaminty LHaPeher
i ncl ude an o%eratiom-tine neasurin%hcontrol %ﬁgg %%ec%g%LoILing t he

g

YOoC sln 1ln response inin
measur eneht cof -9 P to the comman

command control step.
The program may further include a storage command
control step of controlling the giving of a command to the
10 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 further include a motion-blur adjusting
control step of controlling the adjustment of motion 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 may further include a motion-blur-adjusted-
image display control step of controlling the displaying of
the motion-blur-adjusted foreground component image

25 generated in the motion-blur adjusting control step.



operation tine thereof; and an operation billing control 20 step of
controlling the executlon of billing processing in accordance with the tine
nmeasured in the operation-time measuring control step. A program of the
present invention causes a conputer to performa process including an
i nput control step of 25 controlling the inputting of inmage data which is
formed of a - 15 predeterm ned nunber of pixel data obtained by a
pr edet er mi ned nunber of inage-capturlqgﬁdeV|ces i ncluding pixels, the
i mage- capturi ng devi ces each having a integrating function; a
m xture-ratio estimating control 5 step of controlling the estination of a
m xture ratio for a mxed area in the imge data input in the input
control step, Theheropxend magafinthedi hgcaudexéucembiningegpotndlobj ect
conponents fornmng a foreground object of the inmage data and background
obj ect céponedt sohgrrilagng tack goolmaiol) edt the rotila-bdwge data; a
separation control step of controlling the separation in real tinme, on the
basi s of adhasfegt fegegaoupd eompencad imagie gener@tedr 4 6h@sﬁ0ﬁiﬂt0|nrrg
control step, of the inage data input in the input control step into a
foregrouH&uéoﬁﬁdHéﬁﬂngnﬁﬁétﬁ8#n§&e@faPﬁetP6r8@P68H@u69|§@PP°?§n60nponents
fornlng the foreground qbject of the imge data ,and a backgrqund conponent
i mage® f orff@dof ChE H&ERQFOG&Hr'éﬂpééﬁe@oﬁﬂéﬁgn9§sp8ﬁm G e L &HEF ound
obj ect of th% n&g data; and a storguﬁ cont .St ep ,of glntrolllng t he
storing, "¥n SRy AR l@FthgePSFéﬁﬁ e 6Héﬁ9 i MigdEnd t he
combining control step, the motion-blur—-adjusted foreground
component image generated in the motion-blur adjusting
control step and the background component image.
10 The program may further include a processing-time
measuring control step of controlling the measurement of
time required in the motion-blur adjusting step to adjust
the motion blur of the foreground component image; and a
motion-blur-adjustment billing control step of controlling
15 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 thereof; and an operation billing control
20 step of controlling the execution of billing processing in
accordance with the time measured in the operation-time
measuring control step.
A program of the present invention causes a computer to

perform a process including an input control step of

25 controlling the inputting of image data which is formed of a



20 background conponent inmage, which are separated in the separation
control step. The process may further include an imge-capturing control
step of controlling the capturing of an imge which is formed of the inmage
data forned of pixel values 25 determ ned in accordance with the intensity
of light formng - 16 the image which is integrated with respect to tine
in each pixel by the predeterm ned nunber of inmage-capturing devices for
converting the light form ng the inqg§1'q;o el ectrical charge and
integrating with respect to tine the ectrical 5 charge generated by the
phot oel ectric conversion. The process may further include an

i mge-capturing conmand control step of controlling the giving of a
command ptedehermimge- capberi n§ poreioHastepbteicapt byeat he i mage; and an
i mge-capturing billing control step of controlling 10 the execution of
biI1ing predessirngned nemspenseft émepe-ceptruadgi Aevheesmageludptari ng
command control step. The process may further include an i mage displ ay
control Bt&glef ébﬁtF@ﬁgﬁngaphéréhgpﬁayﬂﬁgsoﬁaﬁhehﬁﬁﬁégréuﬁém@onponent

i mmge and the background conponent inmage which are 15 separated in real
time in ﬂﬁéegéﬁﬁﬁégiéHn§6hPP®Iasﬁéﬁtﬁﬁé‘rﬁﬁéof8§§§Wéﬁﬁégcéﬁﬁ6ﬁ@%t i mage and
t he background conponent . i mage whi ¢ch are already stored in the storage
cont rdl F@B ofafiopfhgedpecirfi R§EeBATEBR Sfep BEXCYREr PIHAg fPRe?

speci fyi desi.red_fore round conponent | ge and 20 back ggou nd,

conponenwgﬁﬁggérFFoﬁPaﬁBﬁg g §Adgr odryt 1 e input contr

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

10 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 data input in the input control step into a
foreground component image formed of the foreground object

15 components forming the 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 storage control step of controlling the storing,
in real time, of the foreground component image and the

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

The process may 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



conponent image and the background conponent inmage which are separated in
real time in the separation control step and which are displayed in the

i mge display control step and the foreground conponent inmage and the
background component 25 inage which are already stored in the storage
control step - 17 and which are displayed in the image display control
step; and a conbining control step of controlling the conbining of the
desired foreground conponent inmage qna background conponent inmage which
are specified in the specifying 5 control step. The process may further

i ncl ude a conbi ni ng command control step of controlling the giving of a
command to the conbining control step to conbine images; and a conbi ni ng
billing tbatimhgstepioh tesninokfragetiheiekecaspentotobitiinengnl@aphocessi ng
in response to the conmand in the conbining conmmand control step. The
process mayelubyhthei pceddeeamsnedagembemuidimegatceptsrépgoflevénesol |ing
the giving of a command to the storage control step, the command

i nstruct Ay whevhAeting kbe 15ght Seoméngnthealimapgpeinke kéregroaad
conponent i mage and the background conponent inmage which_are separated in
the sepaPargBn2B8nikrbfIspEpngandth sespage bPI FiRg &BAt POPCErépalof
controlling the executign of billjing processing in response to the command
in the stBrEEE EBRREAHCEORYr BhesPBpTCoHeThELFr 6ERY¥STAAY Furt her incl ude a
ot on-blur ag ¥ 08 s £ My Chu 28 XLndPRAE %an ' N8 A5LURLAENT of motion

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
10 the execution of billing processing in response to the
command in the image-capturing command control step.

The process may further include an image display
control step of controlling the displaying of the foreground
component image and 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 stored in the storage control step;
an- image specifying control step of controlling the
specifying of a desired foreground component image and

20 background component image from among the foreground
component image and the background component image which are
separated in real time in the separation control step and
which are displayed in 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



t he foreground conponent inmage which is separated in real tine in the
separation control step or the foreground conponent image which is already
stored in the storage 25 control step. - 18 The process may further

i nclude a notion-blur-adjusted- inage display control step of controlling
the displaying of the notion-blur-adjusted foreground conponent inmage
generated in the notion-blur adjusting control step. 5 The process may
further include a conbining control ep of controlling the conbining of

t he notion-blur- adjusted foreground i mponent inmage generated in the
notion- blur adjusting control step and the background conponent i nmage.
The noti on- bl ur-adjusted-inage display control step 10 may di splay an i nage
gener at ednBywbonbi aragdispnléhed tonbhai ngagentiteplayeppnthel step;

not i on- bl ur-adj usted foreground conponent inage generated in the

nmot i on- bhod adresbingngconantoplsseprand thetbaétkgnounbeconpbhenngi mige. The
process may further include a processing-tine 15 neasuring control step of
control | th§ eReiredstipeasreound cempeneaguimadei anghbagberenngl ur adj usting
control step to adjust the notion blur of the foreground conponent inage;
and a noEPBROBPLFE- ABFESt WBAENLAF PRI ABCESALPEI 1Bt EPSoFPEEBAYABEI i ng t he
execytion of biIIing processing in 20 accordance with the tinme nmeasured in
t he giocEQEFﬁ@ltFﬁﬁ ‘measuring control step. The process may further

i ncl ude an opgration-tine -
the process may further include a combining command

control step of controlling the giving of a command to the
combining control step to combine images; and a combining
billing control step of controlling the execution of billing

10 processing in response to 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; and a storage billing control step
of controlling the execution of billing processing in
response to the command in the storage command control step.

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

25 control step.



measuring control step of controlling the neasurenent of operation tine
thereof; and an operation billing control 25 step of controlling the
execution of billing processing in - 19 accordance with the tine nmeasured
in the operation-tinme neasuring control step. According to an information
processi ng apparatus and nethod and a program of the present invention,
image data 5 which is fornmed of a predeterm ned nunber of pixel data
obt ai ned by a predeterm ned nunber of _i mage-capturing devices including
pi xel s is input, the inage-capturing -devices each having a tine
integrating function. A mxture ratio for a mxed area in the input inmage
data is estimated, 10 the m xed area including a m xture of foreground

obj ect conpofeatsréoess ngay forelgeouimcbbfecd odtide-bhageadatatadd
background obj ect conponents form ng a background object of the inage
data. Onimhgebdssplely thetesfi maepdolfi xboteocidting, thehdisppayingagé data i s
separated in real tine into a 15 foreground conponent inage fornmed of the
f or egr outieopeérn-bonpoaenustedr Aicmgarhenfloregronrdtobmege of the i mage
data and a background conponent inmage forned of the background object
conponenfB§PEERFRAgiRhEhBaBRGLONNELEE] adi ustinBecPprhigel G&ER- The separated
f oreground conponent inmage and 20 background conponent inage are stored in
real time. BrTRf PEREFFPtTON BRrEher Dratd vl &i gomRAPIPFUSPrEFes a known

i mage processi net ho Fig, 1B i]lustrates known i e processin
net%od? step o?gcontrogling %he combining o% tge motion-— gurE 9

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
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 motion-blur adjusting control step to
adjust the motion blur of the foreground component image;
and a motion-blur-adjustment billing control step of
contreolling the execution of billing processing in
20 accordance with the time measured in the processing-time
measuring control step.
The process may further 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



25 Fig. 2 illustrates a known i nage processing nethod. - 20 Fig. 3
illustrates the configuration of an enbodi nent of an inage processing
systemto which the present invention is applied. Fig. 4 illustrates the
configuration of a camera 5 term nal device shown in Fig. 3. Fig. 5
illustrates the configuration of a television set term nal device shown in
Fig. 3. Fig. 6 is a block diagram showi ng the configuration of the canera
term nal device shown in Fig. 4. 10 Fi.,g. 7 is a bl ock diagram show ng the
configuration of the television set ternmnal device shown in Fig. 5. Fig.
8 is a block diagramillustrating the configuration of a signal processor

showmn in Fig. 6. Fig. 9is a block diagramillustrating an inage 15
processi agcappanatusitki ghel@imkl mehsatres tihetheagpecaption-iigmper f or med by
a sensor. Fig. 11 illustrates the arrangenment of pixels. Fig. 12

i |l ustramessuméngpepraticon eter.-detection device. 20 Fig. 13A illustrates
an i mage obtai ned by inage- capturing an object corresponding to a noving
foreground anficcardonyet® 2orieEpondlhontBracesaingnaPHabatRYrdauAd. Fig.
13B illustrates an i nage obtained by imge- capturing an object

cor r espoR§ithgdt 678 ADPLARGTEBr 8§r ShRJPARESNES AN eHbiedr dBREEsHd’@i ng to a

stationary background. ] )
which 15 formed of a predetermined number of pixel data

obtained by a predetermined number of image-capturing
devices including pixels is input, the image-capturing
devices each having a time integrating function. A mixture
ratio for a mixed area in the input image data is estimated,

10 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

15 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 object of the image
data. The separated foreground component image and

20 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.

25 Fig. 2 illustrates a known image processing method.



- 21

Fig. 14 illu

strates a background area, a foreground area, a m xed

area, a covered background area, and an uncovered background area. Fig. 15
illustrates a nodel obtained by expanding in 5 the tinme direction the pixel
val ues of pixels aligned side- by-side in an i mage obtai ned by

i mage-capturing an object corresponding to a stationary foreground and an

the object corres

nodel

in which pix

ponding to a stationary background. Fig. 16 illustrates a
el values are 10 expanded in the tine direction and the

period corresponding to the shutter t e is divided. Fig. 17 illustrates a

nodel

in which pix

el values are expanded in the time direction and the

period corresponding to the shutter tinme is divided. 15 Fig. 18
illustrates arpgded inlubtehtpsXehevabhesqgaretiexpande eéMbbAembhie
direction and the period corresponding to the shutter tine is divided.
Fig. 19 blfl ast iabge amoerannhg sgswemchopwkeld itheapreseagr dnvénariea, a
background area, and a m xed area are 20 extracted. Fig. 20 illustrates
t he rel atlisoappilpsdbet ween pi xel s and a nodel obtained by expandi ng the

pi xel
pi xel

values in th
val ues Bre@.

corresponding - 22
terminal device shown in Fig. 3.

5

10

15

20

25

Fig.

e time direction. Fig. 21 illustrates a nodel in which
251 kkpanhdatdes nthdeconfibgdrationonf aadcamerperi od

5 illustrates the configuration of a television

set terminal device shown in Fig. 3.

Fig.

6 is a block diagram showing the configuration of

the camera terminal device shown in Fig. 4.

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 shown in Fig. 6.

Fig.

9 is a block diagram illustrating an image

processing apparatus.

Fig.
sensor.
Fig.
Fig. 1
Fig.
capturing
an object
Fig.
capturing

an object

10 illustrates the image-capturing performed by a

11 illustrates the arrangement of pixels.

2 illustrates the operation of a detection device.
13A illustrates an image obtained by image-

an object corresponding to a moving foreground and
corresponding to a stationary background.

13B illustrates an image obtained by image-

an object corresponding to a moving foreground and

corresponding to a stationary background.



to the shutter tine is divided. Fig. 22 illustrates a nodel in which pixel
val ues are expanded in the tinme direction and the period corresponding to
the shutter time is divided. 5 Fig. 23 illustrates a nodel in which pixel
values are expanded in the tine direction and the period corresponding to

the shutter tinme is divided. Fig. 24 illustrates a nodel in which pixel

val ues are expanded in the tinme direction and the period corresponding 10
to the shutter tine is divided. Fig. 25 illustrates a nodel in which pixel
val ues are expanded in the tine di recd 6n and the period corresponding to
the shutter tine is divided. Fig. 26 is a flowhart illustrating the

processing for 15 adjusting the anount of notion blur. Fig. 27 is a bl ock
diagramill uski@ting anlexerptes od badegtontd gures | oo dbragraied specifying
unit 103. Fig. 28 illustrates an i mage when an object corresponding to a

f oregrouaders mowmirgd 20eki,ga 26vekkdsbrakgsocandovdekai,nandi eh pi xel val ues
are expanded in the tine direction and the period corresponding to the
shutter thpevesedi bedkdrobBing. agBai.ll ustrates a nodel in which pixel val ues
are expanded in the time direction and the period corresponding 25 to the
shutter tinme Fsgdi VP deblustpatesi gy madel | dhsainedsby axpenrdingwhich pi 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

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

Fig. 17 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

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

Fig. 19 illustrates an example in which pixels in a
foreground area, a background area, and a mixed area are

20 extracted.

Fig. 20 illustrates the relationships between pixels
and a model obtained by expanding the pixel values in the
time direction.

Fig. 21 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

tinme is divided. Fig. 32 illustrates the conditions for determning the 5
area. Fig. 33A illustrates an exanple of the result obtained by specifying
the area 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. 10 Fig. 33Cillustrates an exanple of the result obtained by

speci fying the area by the area specifying unit 103. Fig. 33D illustrates
an exanple of the result obtained by @éeEifying the area by the area
specifying unit 103. Fig. 34 illustrates an exanple of the result obtained
15 by specifying the area by the area specifying unit 103. Fig. 35is a

fl owchartoi thesshattag thweaisadspiededlyi ng processing. Fig. 36 is a block
diagramillustrating another exanple of the configuration of the area
specifying ufiigl0® YOl WEtrat3ss id Insdehtss whiwdabiiel i bbepixed val ues
are expanded in the tine direction and the period corresponding to the
shutt er expendeddini ged. tihng. d3geftiont padeshanrexandl ecsfearpagkggound
image. Fig. 39 is a block diagramillustrating the 25 configuration of a
bi nary- obpethei Ahgktext Falei hg PoVifeA-- 24 302. Fig. 40A illustrates the

calculation of a correlation i ) .
5 Fig. 23 illustrates 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 values are
expanded in the time direction and the period corresponding

10 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 for

15 adjusting the amount of motion blur.

Fig. 27 is a block diagram illustrating an example of
the configuration of an area 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 pixel values are
expanded in the time direction and the period corresponding

25 to the shutter time is divided.



value. Fig. 40B illustrates the calculation of a correlation 5 value. Fig.
41A illustrates the calculation of a correlation value. Fig. 41B
illustrates the calculation of a correlation value. 10 Fig. 42 illustrates
an exanple of a binary object image. Fig. 43 is a block diagram .
illustrating the configuration of a tinme change detector 303. Fig. 44
illustrates determ nati ons nmade by an area determ ning portion 342. 15
Fig. 45 illustrates an exanpl e of dq}q{yipations made by the tine change
detector 303. Fig. 46 is a flowhart i11ustrating the area specifying
processing perfornmed by the area specifying unit 103. Fig. 47 is a
flowchart illustrating details of the area 20 specifying processing. Fig.
48 is a bl ockFigagBaniilhasrabhesng sodel anowhéch poreéilgueadtieenaoe the area
specifying unit 103. .Fig. 49 is a block diagramillustrating the
confi gur &kipendefrl anr ghesttimeoddssicrhig oporanidonh®s perd®dricgr re@ponidisiar at es
noti on conpensation perfornmed by a - 25 notion conpensator 381. Fig. 51

i |1 ustraft@s thet SbHtEeFp&Asat iendpeitfednmed by the notion conpensator 381.

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 illustrates 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 by the area specifying unit 103.
Fig. 34 illustrates an example of the result obtained

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

Fig. 35 is a flowchart illustrating the area specifying
processing.

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

20 Fig. 37 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

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

25 configuration of a binary-object-image extracting portion



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
calculator 104. 10 Fig. 55 illustrates an exanple of the ideal mxture
ratio a. Fig. 56 illustrates a nodel in which pixel values are expanded in

the time direction and the period corresponding to the shutter tine is
divided. 15 Fig. 57 illustrates a nodg% i n which pixel values are expanded
inthe tine direction and the period %responding to the shutter tine is

divided. Fig. 58 illustrates approxi mation using the correlation of
foreground conponents. 20 Fig. 59 illustrates the relationship anong C, N
and P. Big.. 60 is a block diagramillustrating the configuration of a
m xture-ratio estimation processor 401. Fig. 61 illustrates an exanple of

an estinmated Figtufer idlvetra@befi gheblalsubabliovkodi agranrelbtsonating
another - 26 configuration of the mxture-ratio calculator 104. Fig. 63 is
a flowchdefluel.| ustrating the mxture-ratio calculation processing. Fig. 64

is a flowhart illustrating the processing for
Fig. 40B illustrates the calculation of a correlation

5 wvalue.
Fig. 41A illustrates the calculation of a correlation
value,
Fig. 41B illustrates the calculation of a correlation
value.
10 Fig. 42 illustrates an example of a binary object image.
Fig. 43 is a block diagram illustrating the
configuration of a time change detector 303.
Fig. 44 illustrates 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 flowchart illustrating the area specifying
processing performed by the area specifying unit 103.
Fig. 47 is a flowchart illustrating details of the area
20 specifying processing.
Fig. 48 is a block diagram illustrating still another
configuration of the 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



5 calculating the estimated m xture ratio. Fig. 65 illustrates a straight
line for approximating the mxture ratio a. Fig. 66 illustrates a pl ane
for approximating the mxture ratio a. 10 Fig. 67 illustrates the

rel ati onships of the pixels in a plurality of frames when the m xture ratio
(Xis calculated. Fig. 68 is a block diagramillustrating anot her
configuration of the mxture-ratio estimation processor 401. Fig. 69

illustrates an exanple of an estinate ixture 15 ratio. Fig. 70 is a
flowchart illustrating the m xture-rat4® ™~ estinmati ng processing by using a
nodel corresponding to a covered background area. Fig. 71 is a block
diagramillustrating an exanple of 20 the configuration of a

f or egr oumdithackgoopedsaepar 88ar. 105. Fig. 72A illustrates an input inmage,
a foreground conponent inmage, and a background conponent inage. Fig. 72B
illustrates aRignpbt ibhhgstratésregtbondcompapsachndni pagéoraad bBybackgr ound

conponent image. 25 Fig. 73 illustrates a nodel in which pixel values are -
27 expaftdedmofiiphe copengiateet 38a .and t he period corresponding to the
shutter tinme is divided. Fig. 74 illustrates a nodel in which pixel values

are expandedfi@-the isne Gleechadh dhdusheapérygotiheorrespendrh§yisgto the

shutter tinme is divided.
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.

10 Fig. 55 illustrates an example of the ideal mixture
ratio a.

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

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

Fig. 58 illustrates approximation using the correlation
of foreground components.

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

Fig. 60 is a block diagram illustrating the
configuration 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 another
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Fig. 75 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tinme is divided.

Fig. 76 is a block diagramillustrating an exanple of 10 the configuration
of a separating portion 601. Fig. 77A illustrates exanples of a separated
foreground conponent inmage and a separated background conponent i mage.

Fig. 77B illustrates exanples of a separated background conponent imge and
a separated background conponent inage,. 15 Fig. 78 is a flowhart
illustrating the processing for separating a foreground and a background.
Fig. 79 is a block diagramillustrating an exanple of the configuration of
a notion-blur adjusting unit 106. Fig. 80 illustrates the unit of

processi rgnf2Qukiagiodl oifl lthet makenra-madeb icalwhilatorhéOgi.xel val ues of a
f oreground conponent imge are expanded in the tine direction and the
period corresBoadi 63 t® &¢hélehchart flhestratingi thd. mEkgur82rakiastrates a
nodel in which the pixel values 25 of a foreground conponent inage are
expanded ceA cuieé tiiope proggssdngdect i on and the period corresponding to the
shutter tine is divided. Fig. 83 illustrates a nodel in which the pixe
values of a FéFegbbuhdl Rofpetiehertnhagéuareatbkpantbt PROFRESEPgeisr

direction and_the period corresponding to the shutter time is divided.
calculating the estimated mixture ratio.

Fig. 65 illustrates a straight line for approximating
the mixture ratio .

Fig. 66 illustrates a plane for approximating the
mixture ratio a.

10 Fig. 67 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio a 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 flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
covered background area.

Fig. 71 is a block diagram illustrating an example of

20 the configuration of a foreground/background separator 105.

Fig. 72A illustrates an input image, a foreground
component image, and a background component image.

Fig. 72B illustrates an input image,la foreground
component image, and a background component image.

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



Fig. 84 illustrates a nodel in which the pixel values of a foréground
conponent inmage are expanded in the tine direction and the period

corresponding to the shutter time 10 is divided. 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 adjusting the
anmount of notion blur contained in a 15 foreground conponent i mge
performed by the notion-blur adjusti unit 106. Fig. 87 is a block
diagramillustrating an exanple of Tarfother configuration of the
nmotion-blur adjusting unit 106. Fig. 88 illustrates an exanple of a nodel

in which the 20 rel ati onshi ps between pi xel val ues and foreground
conponentgpaadedi hdi thtedimBi dir88tibhuahbatese pkeiocdl cokakispondiing
foreground conponents. Fig. 90 illustrates the cal cul ation of foreground
25 conpofientde shR@teFi gime@lissdaviidedchart illustrating the processing for
elimnating notion blur contained in a foreground. Fig. 92 is a bl ock

di agrami |l ustiat iy bhbeperatesntimodeal i on oficheprixatt vohues ahe i nage

processing 5 apparatus. Fig. 93 illustrates the configuration of a
Synthesiggpagg@g_in the time direction and the period corresponding

5 to the shutter time is divided.

Fig. 75 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time 1s divided.

Fig. 76 is a block diagram illustrating an example of

10 the configuration of a separating portion 601.

Fig. 77A illustrates examples of a separated foreground
component image and a separated background component image.

Fig. 77B illustrates examples of a separated background
component image and a separated background component image.

i5 Fig. 78 is a flowchart illustrating the processing for
separating a foreground and a background.

Fig. 79 is a block diagram illustrating an example of
the configuration of a motion-blur adjusting unit 106.

Fig. 80 illustrates the unit of processing.

20 Fig. 81 illustrates.a model in which the pixel values
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

Fig. 82 illustrates a model in which the pixel values

25 of a foreground component image are expanded in the time



Fig. 94 is a block diagramillustrating still another configuration of the
function of the inage processing 10 apparatus. Fig. 95 is a bl ock diagram
illustrating the configuration of a mxture-ratio calculator 1101. Fig.
96 is a block diagramillustrating the configuration of a

f or egr ound/ background separator 1102. 15 Fig. 97 is a block di agram

illustrating still another configuration of the function of the inmage
processing apparatus. Fig. 98 illustrgtes the configuration of a
synthesi zer 1201. 20 Fig. 99 is a fI hart illustrating the synthesis
service processing perforned by the canera termnal device. Fig. 100 is a
flowchart illustrating the synthesis service billing processing. Fig. 101
i 'l ustradégerhéogyankeshs pemiiode coirlreispgpnd2hgprtoc éds mfuttel0 tikieg. 102A
illustrates the synthesis service billing processing. Fig. 102B

i |1 ustratiés diNédeg@nt hesis service billing processing. 5 Fig. 102C
illustrates the synthesis service billing processing. Fig. 103 illustrates

a real-time shhghe8Bsisépgteetesf aenedebyinhwhéghethet BinEhaVadeepce.

of a foreground component image are expanded in the time
5 direction and the period corresponding to 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

10 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
adjusting 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 diagram 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. 89 illustrates the calculation of foreground
components.

Fig. 90 illustrates the calculation of foreground

25 components.



Fig. 104 illustrates another enbodi nent of a canera 10 term nal device.
Fig. 105 is a flowhart illustrating the real-tine synthesis service
processi ng performed by the canmera termnal device. Fig. 106 illustrates
the real-tinme synthesis 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 Invention 20 Fig. 3
illustrates an enbodi nent of an inage jJyrocessing systemaccording to the
present invention. The inage processiﬁ% system of the present invention

i ncludes, for exanple, a canera termnal device 2, a television termna
device 3, a billing server 5 a 25 financial server (for custoner) 6, and a
financi al serWeg.-9B1lis (d of lgwoivader)lTyustwhathnareheopnecessingt ioone

anot her over a network 1, such as the Internet, and which can exchange
data wit RléménahéngemotTne bauner aonseinadl idedi éerggredpdur es i mages,
separ at es/ conbi nes the captured images in 5 real tinme, and displays the

i mages. Fees B2 charyed fotock epid @f#mgl bhes E6dbi P ngn e Hee¥ mages. For
exanpl e, praovided ,that the canmera term_nal device 2 is to be rented out,
fees foF°BépIPARFHG aRE EBRLIAPARGIPRagés thEy 1BBIENRFGEGSEY " Ehe billing
serv 5 via the network 1 so as to transfer the 10 fees fromthe user's
finarti aPPBBFEERS6 to the provider's

Fig. 93 illustrates the configuration of a synthesizer
1001.

Fig. 94 is a block diagram illustrating still another
configuration of the function of the image processing

10 apparatus.

Fig. 95 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.

Fig. 96 is a block diagram illustrating the
configuration of a foreground/background separator 1102.

15 Fig. 97 1s a block diagram illustrating still another
configuration of the function of the image processing
apparatus.

Fig. 98 illustrates the configuration of a synthesizer
1201.
20 Fig. 99 is a flowchart illustrating the synthesis
service processing performed by the camera terminal device.
Fig. 100 i1s a flowchart illustrating the synthesis
service billing processing.
Fig. 101 illustrates the synthesis service billing

25 processing.




(for exanple, a service provider renting the canera term nal device 2)
financial server 7. The television set termnal device 3 separates an

i mge captured by a canmera device 4 in real tine, conbines the inmge
portions, and displays the 15 inage. Fees for separating and conbining the
images are simlarly charged as in the canera termnal device 2. Fig. 4
illustrates the configuration of the canmera termnal device 2 according to
the present invention. A CPU (Cent[gh%F[pcessing Unit) 21 executes various
types of 20 processing according to prograns stored in a ROM (Read Only
Menory) 22 or in a storage unit 28. Prograns executed by the CPU 21 and
data are stored in a RAM (Random Access Menory) 23 as required. The CPU
21, the ROM 2RjigantiOf2heiRAMst23tasetibensgontbdsis sachiothkilbyng bus 24. 25
An input/output interface 25 is also connected to the - 32 CPU 21 via a
bus 44. Rwocmsetingnit 26, which is forned of a keyboard, a nouse, a

m cr ophone, and so on, and an output wunit 27, which is formed of a

di spl ay, a spBaferl0dRdisbushratasetieonnretedsis speviapubidlipat interface
25. The CPU 21 5 executes various types of processing in response to a
command PRFGESEEH/-t he i nput unit 26 including a shutter button and
various input_keys., Al so,_ a sensor 26a serving,K as an, inmage-capturing
device is confie€t elif?% theushpatesntie %3?t%ﬂ81€aEFEVéﬂeigﬁbééngre i nput
thereto. _The CPU 21 10 outputs inages and audi o obtained as a result of
processi RF°EE5tRE out put unit 27, and the i mages are displayed on an

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

Fig. 104 illustrates another embodiment of a camera

10 +terminal device,

Fig. 105 is a flowchart illustrating the real-time
synthesis service processing performed by the camera
terminal device.

Fig. 106 illustrates the real-time synthesis service

15 offered by the camera terminal device.
Fig. 107 illustrates the real-time synthesis service

offered by the camera terminal device.

Best Mode for Carrying Out the Invention
20 Fig. 3 illustrates an embodiment of an image processing
system according to the present invention.
The image processing system 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



LCD (Liquid Crystal Display) 27a. The storage unit 28 connected to the
input/output interface 25 is fornmed of, for exanple, a hard disk, and 15
stores prograns executed by the CPU 21 and various types of data. A
conmuni cation unit 29 comuni cates with an external device via the

I nternet or another network. Al so, a programmay be obtained via the
communi cation wunit 29 and stored in the storage unit 28. 20 A drive 30
connected to the input/output interfagg 25 drives a magnetic disk 41, an
optical disc 42, a nmagneto- optical di'sk 43, a sem conductor nenory 44, or
the like, when such a recording nediumis attached to the drive 30, and
obtains a programor data stored in the corresponding 25 nmedium The

obt ai ned (poogpasvodednt a, i shicanater cedntoteéliewitB3onet anagkeunptre28 and
stored therein if necessary. Fig. 5 shows the configuration of the

t el evi si annsewoB8k accsundhngst bheh&npeesehnt andewhiioh. c¥heesohknger ati on of
the television set 3 is basically the sane as that of the 5 canera term na
devi ce 2dagpewithcahéyanatioPy. 51Tha RaneES2, teamRani58evacBug 54, an

i nput/output interface 55, an input unit 56, an output unit 57, a storage
unit 58, captusRfubnedes onsaRprrates/gonbinesebheacangieeric 1BRIRS64D an
optical disk 62, a magneto-optical disk 63, and a 10 sem conductor nenory
64 of5 t hEege| E¥8i oAndelifRt AV hakhedépprges3 cBPREsPERICHBTERE EPD 21, the

ROM 22, the RAM 23, the bus 24, the input/output interface 25, the input
uni t 26,separat1ng and combining the images. or 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

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

15 image. Fees for separating and combining the images are
similarly charged as in the camera terminal device 2.

Fig. 4 illustrates the configuration of the camera
terminal device 2 according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of

20 processing according to programs stbred in a ROM (Read Only
Memory) 22 or in a storage unit 28. Programs executed by
the CPU 21 and data are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM
23 are connected to each other by a bus 24.

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



the output unit 27, the storage unit 28, the communication wunit 29, the
drive 30, the magnetic disk 41, the optical 15 disk 52, the magneto-optical
di sk 53, and the sem conductor nenory 54, respectively, of the canera
termnal device 2. In this exanple, as shown in Figs. 1A and 1B, the
canmera device 4 is connected to the conmunication unit 59 of the

tel evision set termnal device 3, and captured i mages are 20 input
thereto. Since the basic configurattpgatqf the billing server 5  the
financial server (for custonmer) 6, an he financial server (for provider)
7 are simlar to that of the television set termnal device 3,
descriptions thereof are 25 omtted. - 34 Referring to Fig. 6, the canera
t ermi nal CHBvRtev2awal busnéw. beAdesopibednif 8bgnahiphod¢essorméd of wthe
canmera termnal device 2 displays, on the basis of an inmage input from an
i mage 5 kapbaaidg aninbui4, (esomiespphdinag todassensoer alBaashownpibt Fig. 4)
or an inmage input froma unit other than the inage- capturing unit 74, the
i nput i nagétoR’a dhiphaysuhptrmgd ofi ehdispéhngkngrehkernpand sagen. Al so,
the signal processor enerates any one of the foreground of the 10

i nput i NA&§e, CPHEeﬁééﬁgFEUEHeOFHPH§/PHEHFtlhﬁ@@rfécesgﬁthe?PEeGPpnﬁée
generated b conblnlnguthe foreground of  the_ input inmage and a background

pr estbr eBXPHRULRS| KAKEOUSt bYREE BﬁlPr9ges§1§9n9ﬂe§F§88nFﬁa§8 generated by

Conblnlngommand input from the input unit 26 including a shutter
button and various input keys. Also, a sensor Z6a serving
as an image—-capturing device is connected to the input unit
26, and captured images are input thereto. The CPU 21

10 outputs images and audio obtained as a result of processing
to the output 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 unit 29 communicates 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.

20 A drive 30 connected to the input/output interface 25
drives a magnetic disk 41, an optical disc 42, a magneto-
optical disk 43, a semiconductor memory 44, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding

25 medium. The obtained program or data is transferred to the
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t he background of the input inmge and a foreground prestored 15 in the

i mage storage unit 72, a synthesized i mage generated by conbining a
foreground and a background prestored in the inmage storage unit 72, a
foreground prestored in the image storage unit 72, and a background
prestored in the inage storage unit 72 and di splays the generated i mage on
the 20 display unit 73. An inmage input to the signal controller 71 needs
not to be an inage. Specifically, quﬁ%stplaying t he above- descri bed
vari ous out put images on the display t 73, the signal controller 71
stores the inmages in the imge storage 25 unit 72 while assigning the IDto
each image (the IDis - 35 assigned to each of a foreground conponent

i mge, astbaelgrountd Z28npodentormsdgeheardnaisynthesszed.i nage). By
inputting the inmage I D specifying the stored i mage, the signal controller
71 uses, as amignputshomgethancombpygubatbon eshHone npeteviseonnage 3D anong

the inmages stored in the 1imge storage unit 72. A billing processor 75
cooper at 8scarghngheobthpi ngessatvépvenyiant heThet onkiguratpenf ofmi ng t he
billing rocessing for charging fees for the inmage separation 10
processiﬁgeoﬁeﬂﬁﬁgélg?nﬁﬂésﬁslérbééé§ﬁhéYpéh?oﬁﬁ@§ By that sifgithe processor
71. The billing processor 75 stores the ID thereof and, when _performng
the bl || FAGCPROERERLAGL deVaR8nPts §H§CFEP896H§'mFtﬁPphélusérRBB,52r
aUthentlgakaHSBEHLOEHEtBR?’agngnéﬂg/ggggugoi%ggr ggglgg,sggvﬁkpgt

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 54, respectively, of the camera terminal device 2.
In this example, 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 server (for customer) 6, and the financial
server (for provider) 7 are similar to that of the
television set terminal device 3, descriptions thereof are

25 omitted.
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15 Details of the signal processor 71 will be described later with
reference to Fig. 8. Referring to Fig. 7, the configuration of the

tel evision set termnal device 3 will now be described. The configuration
of the television set termnal device 3 is the 20 sane as that of the
canera term nal device 2 except for the fact that the tel evision set
termnal device 3 does not include the inmage-capturing unit 74, which is
included in the camera term nal device 2, and instead includes a tuner 84
for outputting an i mage captured byt & éxternal canera 25 device 4 or an
image in the formof an NTSC (National - 36 Television Standards

Comm ttee) signal generated from electromagnetic waves received by an
antenna (not Babenyitg ta Bignab, ptheesswer8lteFhatal sdevheeskgumall
processor 81, an inmage storage unit 82, a display unit 83, and a billing 5
pr ocessono85bef desertibedvi si on set term nal device 3 correspond to the
signal processor 71, the inmage storage unit 72, the display unit 73, and
the billing phoeégsat FBocesegpetti vél yheotamapachaemanadrdevaredavi ce 2,
and descriptions thereof are thus omtted. 10 Wth reference to Fig. 8, a
descri pt F4APéRYEhe ONc 6AFi BaFASI 04 8P LREJSI gRRMTPIEEBS$8r 1MRTRI1 | be given
as follows. A separating portion 91 of the signal processor 71 separates
an |Hbutc?ﬁﬁﬁélPHpHPlFraﬁ1ﬁﬁ@rFﬁﬁﬁénééﬁﬂuFPné GR/PECT1S 674 ShQWSt REr i nput

i mage, or .an |na e spe ified by the im
9 Fig. R gmage input from g unit other than the image-

capturing unit 74, the input image on a display unit 73
without changing the input image. Also, the signal
processor 71 generates any one of the foreground of the

10 input image, the background 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 generated by combining
the background of the input image and a foreground prestored

15 in the image storage unit 72, a synthesized image generated
by combining a foreground and a background prestored in the
image storage unit 72, a foreground prestored in the image
storage unit 72, and a background prestored in the image
storage unit 72 and displays the generated image on the

20 display unit 73.

An image input to the signal controller 71 needs not to
be an image. Specifically, when displaying the above-
described various output 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
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I D and stored in the imge storage unit 72 into a foreground conponent

i mge and a background conponent inage and outputs a desired inmage to a
synt hesi zer 92. In other words, when the image to be output, that is, the
desired image, is the 20 foreground conponent inage, only the foreground
conponent inmage of the separated inmage portions is output to the

synt hesi zer 92. In contrast, when an imge required by the inage to be
output is the background conponent Lng%eL only the background conponent

i mge of the separated image 25 portions is output to the synthesizer 92.
The IDis - 37 assigned to each inmage output to the synthesizer 92, and
each image is thus stored in the inmage storage unit 72. Needless to say,

t he sepaaasiggepotdi eac®lofaa boutrpgtotthé compohentagmage,the synt hesi zer 92
Wi t hout separating the 5 input inmage. In this case, the separating portion
91 assiaekgroued| componartoimpoe, i andeaanynthesdzedhémageput Binmage in
the image storage unit 72. If necessary, the synthesizer 92 conbines the

i mage | hpputiiom the sepaealPngrpoifysngothei shoandi Argeest 6heéd in 10 the
i mage storage unit 72_to synthesize an image and outputs the synthesized

i mage. Spe@Reicapnryrohhen %htbﬁ??in@stﬁ@ inprEgEBadEa - ot ABaB8&ckgr ound of
the input image, the synthesizer 92 outputs the foreground copponent inmage
or tie BHALKGFBORAIRSnPONERE iHAGE FHpﬁwoﬁgoﬁ??hémégﬁaréFPﬁ@dpéPtFBﬁ 15 91
wi t hout c¢han ing t he foreground conponent imge or the background
conponent™PAage YRR But u?grng a synt hesi zed

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

10 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.

15 Detaills of the signal processor 71 will be described
later with reference to Fig. 8.

Referring to Fig. 7, the configuration 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 television set terminal device 3 does not
include the image-capturing unit 74, which is included 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
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i mge generated by conbining the foreground of the input inmage and a
background prestored in the i mage storage unit 72 or when outputting a
synt hesi zed i mage generated by 20 conbi ni ng the background of the input

i mge and a foreground prestored in the inage storage unit 72, the

synt hesi zer 92 conbi nes the foreground conmponent inmage or the background
conponent inmage input fromthe separating portion 91 with a background
conponent image or a foreground conponent inage 25 prestored in the inage
storage unit 72 to synthesize an - 38 mage and out puts the synthesized

i mge. Wen outputting a synthesized i mage generated by conbining a
foreground and a background prestored in the inage storage unit 72, a
foregroumdlprestonedthndhibdsi cegrRisteeageignbll d2neehtad Frbackground
prestored in the inage storage unit 72, the synthesizer 92 conbi nes a

f or egr ounllectmpoagnttinmagevandracbagkdr byndncanpeneat (noiigehpwest aved in
the inmage storage wunit 72 to synthesize an i mage and outputs the

synt hesi 2edighpagproresabpuBd .a Fbregieuntheospgnent proagesor &110an
background conponent inmage prestored in the inage storage _unit 72 w thout
changi ngimheef stegroanunesnpéneat disrgayonnithé3haekgr dukd ldédmgonent i mage.
The billing processor 75 perforns the billing processing when the
separat i ROFBEEPEN8I10FeknBr kE1EHESiBNSERAr AEFBANPL0EEFSCRg30r when the
synt hesi zer 92 perforns_ the conbi ning processi ng. Wen the separating
portion 92rr@8eSnfotCpEhfofiPiAe §§B§?§FP6n7éwo@g§sPW§g§nét86ﬁﬁﬁts t he

unit 72, the display unit 73, and the billing processor 75,
respectively, of the camera terminal device 2, and
descriptions thereof are thus omitted.

10 With reference to Fig. 8, a description of the
configuration of the signal processor 71 will 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 input image, or an image specified by the image
ID and stored in the image storage unit 72 into a foreground
component image and a background component image and outputs
a desired image to a synthesizer 92. 1In other words, when
the image to be output, that is, the desired image, is the

20 foreground component image, only the foreground component
image of the separated image portions is output to the
synthesizer 92. 1In 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
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i mage without changing it to the synthesizer 92, or when the synthesizer
92 does not performthe conbi ni ng processing and 20 outputs the i mge

wi t hout changing it, fees nay not be charged. Fig. 9 is a block diagram
illustrating the separating portion 91. It does not matter whether the

i ndi vi dual functions of 25 the separating portion 91 are inplenented by
hardware or - 39 software. That is, the block diagrans of this
specification may be hardware bl ock diagrans or software functional block
di agranms. An input inmage supplied to He ™ separating portion 91 is 5
supplied to an object extracting unit 101, an area specifying unit 103, a
m xture-ratio calculator 104, and a foreground/ background separator 105.
The obj egssikghedctongaani imdgé emtpatt soatheughnthagézeobP@ct andrr espondi ng
to a foreground object contained in the 10 input inmage, and supplies the
extract edarhagvaod) ést thesashoreédnidetbet bmago2stInagebpaét @xtracting unit
101 detects, for exanple, an outline of the foreground i nage object

cont ai nelepdlens Fﬁpﬁ@Yvnﬁbé sepasatyngxppition 9gugﬁnlﬁHQQUto§Péct
corresponding to the foreground object. 15 The object extracting unit 101
extractslapwgugﬁagﬁase tbﬁj§EPtBQFFé§50ﬁa|HgtP6u5 BSERGAGHUAE SBFect
contained in the input inmage, and supplies the extracted |nage object to
the Yot iBRUBetBRE¥8r 186D. tlThé SBF%cttgﬁtFQEFFﬂBlB% poxgion 9

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

10 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 component 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 combining the foreground 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 foreground
prestored in the image storage unit 72, the synthesizer 92
combines the foreground component image or the background
component image input from the separating portion 91 with a
background component image or a foreground component image

25 prestored in the image storage unit 72 to synthesize an
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extracts a rough image object corresponding to the 20 background obj ect
from for exanple, the difference between the input imge and the
extracted i mage object corresponding to the foreground object.
Alternatively, for exanple, the object extracting unit 101 may extract the
rough i nmage object corresponding to the 25 foreground object and the rough
i mage object corresponding - 40 to the background object fromthe

di fference between the background i stored in a built-in background
menory and the input inmage. The notion detector 102 cal cul ates a notion
vector of 5 the roughly extracted i mage object corresponding to the
foreground object according to a techni que, such as bl ock matching,

gr adi ent imphasendoppébatsotheosypehesécedsimeget ecWhequeutand tdmgpki es t he
cal cul ated notion vector and the notion-vector positional information

(whi ch i syhshesiaedoamagef gengpetefly biigcohbipésiot BoAorebrekhadpiexd ¢
corresponding to the notion vector) to the area speqif%ing unit 103 and a
not i on- bPaFkgapusdi RgegiPredosr The AMeDEnsSEeErde dBiput/ 2frém the notion
detector 102 contains informtion corresponding to the_anmount of novenent
15 v. Th&OKBEFEHPHePEEEEPT 02 1RafGuiparet RECKBERPON N Ect/dr 8F 2each i nage

object, together with the pixel positional  information_for specifying the
i xol 3 oPSCKEZPHAHePESFECEES 18 LR HBEPGNSEPUPCRILASE Ag URTE 106

synthesizer 92 combines a foreground component image and a
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 image prestored in the image storage
unit 72 without changing the foreground component image or
the background component image.
The billing processor 75 perfqrms the billing
processing when the separating portion 91 performs the
15 separation processing or when the synthesizer 92 performs
the combining processing. When the separating portion 91
does not perform the separation processing and outputs the
image without changing it to the synthesizer 92, or when the
synthesizer 92 does not perform the combining processing and
20 outputs the image without changing it, fees may not be
charged.
Fig. 9 is a block diagram illustrating the separating
portion 91.
It does not matter whether the individual functions of

25 the separating portion 91 are implemented by hardware or
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20 The anmount of novenent v is a value indicating a positional change in
an i mage corresponding to a noving object in units of the pixel pitch. For
exanple, if an object inmge corresponding to a foreground is noving such
that it is displayed at a position four pixels away froma 25 reference
frame when it is positioned in the subsequent - 41 frame, the anount of
novenment v of the object inmage corresponding to the foreground is 4. The
obj ect extracting unit 101 and the notjon detector 102 are needed when

adj usting the anmount of notion qur"53@oFfesponding to a noving object. The
area specifying unit 103 determ nes to which of a foreground area, a
background area, or a m xed area each pixel of the input imge bel ongs,
and suppkbéswarEor nBhaonisi ndheablogkt disbhreflsan€éatbashspexelf ibeltangs
(hereinafter 10 referred to as "area information"”) to the m xture-ratio

cal cul atoryl1b4, hahdwhoeelhilookdfibagkgmeund sepawater f1865tiandl bheck

noti on-blur adjusting unit 106. The m xture-ratio cal culator 104 cal cul ates
t he m xt diegraasio corresponding to the pixels contained in a mixed area

15 (hereinafter referred to as the "mxture ratio a") based on the input

i mage and t heAmr&zPwhibnage | orrbippli ed thonseprrabhied BPEELIPYi Y LAt 103,
and supplies_the calculated mxture ratio to the foreground/ background
separat ofubBbiedhEonpRt gPaerht pEtaar§ingvardé LAdi cali A§SEhe ratio of 20

t he i mage con?onents correspondi ng to the background obj?%t
specifying unit 103, a miXture-ratio calculator 4, and a

foreground/background separator 105.
The object extracting unit 101 extracts a rough image
object corresponding to a foreground object contained in the

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

20 Dbackground object from, for example, the difference between
the input image and the extracted image object corresponding
to the foreground object.

Alternatively, for example, the object extracting unit
101 may extract the rough image object corresponding to the

25 foreground object and the rough image object corresponding



(hereinafter also be referred to as "background conponents”) to the pixel
val ue as expressed by equation (3), which is shown below The

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

t he background conponents based on the area information supplied 5 from
the area specifying unit 103 and the #ture ratio a supplied fromthe

m xture-ratio cal cul ator 104, and supplies the foreground conponent inage
to the notion-blur adjusting unit 106 and a sel ector 107. The separated

f oreground thenpbankgroundgebiaytbérsmt the théférnakteobepukenAtiere 10
preci se foreground and background can be obtained conpared to a known

met hod i havkgrchund| ymagéosegredninaadbailbatkgbeokdranedspempiyedndi t hout
considering the m xed area. The notion-blur adjusting unit 106 determ nes

t he unitthef ipputeiwhag.indicating at | east one pixel contained in the 15
foreground conponent inmage based on the anobunt of novenent v obtained from
the notion veERVrMARPD L GFCE hel ar el ¢nidkeatd oot TP YREtoBfohrocessi ng
is data that specifies a group of pixels to be subjected to the

not i oh- bFie raajahéynﬁﬁiﬁgécgedsa%aeoﬁbaﬁ@taﬁﬁaﬁﬁssyn%rlahtphéhﬁmi on bl ur
isto bef adjusted, which is input to the segaratingsgortion 91, the

oreground object according to a technique, ch as block
matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-vector positional information (which is information

10 for specifying the positions 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 information corresponding to the amount of movement

15 wv.

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

20 The amount of movement v is a value indicating a
positional change in an image corresponding to a moving
object in units of the pixel pitch. For example, if an
object image corresponding to a foreground is moving such
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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f oreground conponent image supplied fromthe foreground/ background
separator 105, the notion vector and the positional information thereof
supplied fromthe notion 25 detector 102, and the unit of processing, the
nmotion-blur - 43 adjusting unit 106 adjusts the ampunt of notion blur
contained in the foreground conponent inmage by renoving, decreasing, or

i ncreasing the notion blur contained in the foreground conponent i nage.
The notion-blur adjusting unit 5 106 tqen out puts the foreground conponent
i mage in which anount of notion blur “i's adjusted to the selector 107. It
is not essential that the notion vector and the positional information

t hereof be used. Motion blur is a distortion contained in an inage 10
correspohdamg,t bha amviing obj Bovemansed by the mbyemtntimefie an object to be
captured in the real world and the inage- capturing characteristics of a
sensor. Thersepentddnglo? theefosegneunfl the4dforeground conponent inmage
supplied fromthe foreground/ background 15 separator 105 and the

f oreground coRporeiethegptiacwieinike Bhburrd otheonebhop| detegtanj ust ed
supplied fromthe notion-blur adjusting unit 106 based on, for exanple, a
sel ecti oh03i gral nrefrdcrhAg adm§§F1§gs§géch6Hntaﬁ§ BatpansPlike sel ect ed
foreground conponent image. 20 An i nhput inage supplied to the separating
portibn §2rFEsSPEPEéngséq BelBYAPt ALY 8EEr ence to Figs. 10 through 25. Fig.

10 |IIustratQ%héna gacg-éé{£§§hémﬁ££¥r?%5 aétermlnes 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
10 referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background separator 105, and
the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calculates the mixture
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 area information supplied from the
area specifying unit 103, and supplies the calculated
mixture ratio to the foreground/background separator 105.
The mixture ratio @ is a value indicating the ratio of
20 the image components corresponding to the background object
(hereinafter also be referred to as "background components")
to the pixel value as expressed by equation (3), which is
shown below.
The foreground/background separator 105 separates the

25 input image into a foreground component image formed of only
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sensor. The sensor is forned of, for exanple, a CCD (Charge-Coupl ed

Devi ce) video canera provided with a CCD 25 area sensor, which is a
solid-state i mage-capturing device. - 44 An object 112 corresponding to a
foreground in the real world noves, for exanple, horizontally fromthe
left to the right, between an object 111 corresponding to a background

and the sensor. 5 The sensor captures the inmage of the object 112
corresponding to the foreground togetgér with the image of the object 111
correspondi ng to the background. Thé Sénsor outputs the captured inmage in
units of frames. For exanple, the sensor outputs an inmage having 30 frames
per second. 10 The exposure tinme of the sensor can be 1/30 second. The
exposur ethenemage acpeponents ononhespbhdisgnsor tBeafbsegronudr bbhgeitnput
light into electrical charge until when the conversion fromthe input

| i ght to(hteethaftercalschhegeefsrrédnishad. "Theegxposdr eompapenssdld so
referred to as a 15 "shutter time". Fig. 11 illustrates the arrangenent of
pi xel s. #ndFpgbackgroundheonganentniineaeefohmedndfvPaldl thexel s. The pixel s
are di sposed on a plane of a corresponding image. One detection device

cor r espoR@fkgreendacpmpeRents sbaps@osedtbn 2peehénserdafionhenrphéedensor
perforns i mge-capturing, each detection device outputs a pixel value of

t he ébrré§ﬁ@n8bﬂgarﬁFX%PerFH%ﬂ§ PﬁétlHﬁéean#th%x@hﬁFEretHétbesptlon of

the detggébflege¥£g§ %Qetgfxgﬁgérgg%igncggcu SES?dfoﬁo ang supplies
the foreground component image to the motion-blur adjusting
unit 106 and a selector 107. The separated foreground
component image may be set as the final output. A more

10 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 vector and based on the area
information. The unit of processing 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 component image supplied from the
foreground/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



horizontal direction on the imge, while the position of the 25 detection
device in the Y direction corresponds to the - 45 wvertical direction on
the image. As shown in Fig. 12, the detection device, which is, for
exanple, a CCD, converts input light into electrical charge during a
period corresponding to a shutter tine, and 5 stores the converted

el ectrical charge. The anount of charge is alnobst proportional to the
intensity of the input |[|ight and thedgfriod for which the light is input.
The detection device sequentially ad the electrical charge converted
fromthe input light to the stored electrical 10 charge during the period
corresponding to the shutter tine. That is, the detection device

i nt egr at esljuseingpunili gt adguisng tthe pewuad odr mespomdibigrt o the shutter
time and stores the electrical charge corresponding to the anount of

i nt egr at egnitiaghed in che Seregmeuder edmpoaentthémdgeedtyi aemotingevi ce has an
integrating function with respect to tinme. The electrical charge stored in
t he det edleicaragdnigce oirs incoresingd thet oo ival tadge vangeiyyda ici rtd@ t (not
shown), and the voltage value is further converted into a pixel value,
such as dgegaiouasdt gompraens dmeget.. Abeor@itdgnyblagcrdiesping wnditue
output fromthe sensor is a value projected on a |inear space, which is a
resul? oft Ofnitd§ratLiguEscéheaitRr eORPEBSIICREROTSRA 1p6eE R whiche obj ect

correspondi ng .to the ,for%ground or_.the background wth res%%ct to the
shutt er t of motion ur is adjusted to the selector 107. It

is not essential that the motion vector and the positional
information thereof be used.
Motion blur is a distortion contalned 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
15 separator 105 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected foreground component image.
20 An input image supplied to the separating portion 91 is
discussed below with reference to Figs. 10 through 25.
Fig. 10 illustrates image—capturing performed by a
sensor. The sensor is formed of, for example, a CCD
(Charge-Coupled Device) video camera provided with a CCD

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



rem————

25 The separating portion 91 extracts significant - 46 information
enbedded in the output signal, for exanple, the mxture ratio a, by the
storage operation of the sensor. The separating portion 91 adjusts the
anount of distortion, for exanple, the amount of notion blur, caused by
the 5 m xture of the foreground i mage object itself. The separating
portion 91 also adjusts the anmount of distortion caused by the m xture of
t he foreground i mage object and the__?%PKground i mge object. Figs. 13A and
13B illustrate an i mage obtai ned by i mage-capturing an object
corresponding to a noving foreground and an object corresponding to a
stationary background. Fig. 13A illustrates an i mage obtai ned by

capt uri ngraobpertgldBj ecrreepredponditngat doaehoregdodnd thrd realst ati onary
obj ect corresponding to a background. In the 15 exanple shown in Fig. 13A

t he obj e¥erddr megpsndiny esampee,f bredeontdlily AvemnghBoleiontal fthefrom t he
left to the right wth respect to the screen. Fig. 13B illustrates a nodel
obt ai ned TBghéxpRREFAGH BPXQBJ9§Fuéélc§PFé§§§ﬁﬂﬁhQQtéooﬁebﬁphgr@ﬂnﬁhe i mage
shown in 20 Fig. 13Ain the tinme direction. The horizontal direction shown
in Fig. #38 &HPr&8psAds to the spatial direction X in Fig. 13A The val ues
of tgﬁ pi xel s_in the bachround area are formed only fromthe background

conpohents, tHaE FENSPReCIDEIFARGENR oHPRFRNPS BR% r@RpoRlli b2t o the

backgrouggrggggggaing 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.

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

15 "shutter time".

Fig. 11 illustrates the arrangement of pixels. 1In Fig.
11, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on

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

25 detection device in the Y direction corresponds to the
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- 47 The values of the pixels in the foreground area are forned only from
the foreground conponents, that is, the inage conponents corresponding to
t he foreground object. The values of the pixels of the m xed area are
formed 5 fromthe background conponents and the foreground conponents.
Since the values of the pixels in the m xed area are forned fromthe
background conponents and the foreground conponents, it may be referred to
as a "distortion area". The mxed areg.is further classified into a covered
background area 10 and an uncovered %écﬁground 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
backgr oundrtbapbnéhtecatengoaduat| ymegeered with the 15 foreground over
time. In contrast, the uncovered background area is a m xed area
correspondi ngAs cshdwn timiFiqg Bhd the tdetelftien ideviee, wittdh the, f or egr ound
obj ect is noving, where the background conponents gradually appear over
time. 20f@s GKG@HéSedaaﬁﬁve,CPhéeFhﬁgénﬁbhggiﬁhﬁglﬂgé POPEGFEGAE area, the
background area, or the covered background area or _the uncovered

backgr oufiiaageadisipgpat PEALOdt ARTAPERACBPERTf {Png SRPETEH3LIMRe and

m xture-ratio cal culator 104, and the foregroundlgackground eparator 105
as the i apBFesntfe. cop¥ertgd ¢hertrusetarbelPRe bdBRgAUAHETaPEA, the

foreground - 48 . .
9 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 electrical

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

20 pixel value output from the sensor is a value projected on a
linear space, which is a result of integrating a certain
three-dimensional portion of the object corresponding to the
foreground or the background with respect to the shutter
time.

25 The separating portion 91 extracts significant
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area, the m xed area, the covered background area, and the wuncovered
background area di scussed above. In the areas corresponding to the inage
shown in Figs. 13A and 13B, the background area is a stationary portion,
the foreground area 5 is a noving portion, the covered background area of
the mxed area is a portion that changes fromthe background to the
foreground, and the uncovered background area of the mxed area is a
portion that changes fromthe foreg[pg%d_to t he background. 10 Fig. 15
illustrates a nodel obtained by expandi'ng 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
foregroundfandatihe embhgddefi thethbj evtpotr ségpaidi Agrt exthplst athenary 15
background. For exanple, as the pixels aligned side-by-side, pixels
arrangedmirtone kahéoo#,thy Sbeeenocagebeprsehtcbadof The pexebrval ues

i ndi cated by FO1 through FO4 shown in Fig. 15 are values of the pixels

corr espofiiEngeparahéngbpectionf 9ihadjuatsonheyamhoragr ofindisthetpprel val ues
i ndi cated by 20 BOl1 through BO4 shown in Fig. 15 are values of the pixels
correspofiFn§XaBPiRe &hpedboBntt Aé BEAEPBNRLYrhaERYFBENAY tiRe verti cal
direction in Fig. 15 corresponds to tine, and tinme_elapses fromthe top to
the bottBiXFHRIE §F t8e fREegpeurdi dhede PRéccbpisraéfof LRE rectangle in

Fig. 15 25 corresponds to the tinme at which {he sensor %t rts - 49
conver t i NGPRAPGED iaﬂft?ﬂPo9il@&FPiéQDuEﬁﬁra ¢ gRguUPReCt distortion

caused by the mixture of the foreground image object and the
background image object.
Figs. 13A and 13B illustrate an image obtained by
10 image-capturing an object corresponding to a moving
foreground and an object corresponding 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 horizontally from the left to the right
with respect to the screen.
Fig. 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.
The values of the pixels in the background area are
formed only from the background components, that is, the

25 image components corresponding to the background object.
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position at the bottomside of the rectangle in Fig. 15 corresponds to the
time at which the conversion fromthe input light into the electrical
charge is finished. That is, 5 the distance fromthe top side to the bottom
side of the rectangle in Fig. 15 corresponds to the shutter tinme. The

pi xel s showmn in Fig. 15 are described bel ow assum ng that, for exanple,
the shutter tine is equal to the franme size. 10 The horizontal direction in
Fig. 15 corresponds to the spatial direction Xin Fig. 13A. Mire
specifically, in the exanple shown'iﬁ7FFg. 15, the distance fromthe |eft
side of the rectangle indicated by "FO" in Fig. 15 to the right side of
the rectangle indicated by "B04" is eight tines the 15 pixel pitch, i.e.,
ei ght comnsecualuespbRetbe pbealshénfohegfonadrobhdéckraadatrhefbamkdr ound
object are stationary, the light input into the sensor does not change
during tbelpefrod tber éspegdongdt combenshtst eth&kmis, Theepémagd
corresponding to the shutter tine is divided 20 into two or nbre portions
of equal cpupppErts Fopreganphdingf tot hhenfipbegrofindi pbiartdi vi ded portions
is 4, the nodel shown in Fig. 15 can be represented by the nodel shown in
Fig. 9. The Thewealugs \oftike Rixebed borhe dhxedr b2 stXe akevreing to

t he anbunt of novenent v of the object corresponding to 25 the foreground
wi t hih t REOBhheePackgEoupgr coprppeatst fed W fAnfAsErowd FtRRPCREYi ded

portions_is set to 4.when the ampunt of novenent v is 4, and_the geriod
correspoﬁHPﬁa the values of the pixels in the mixed area are forme

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 uncovéred background area.

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

15 foreground over time,

In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in
which the foreground object is moving, where the background
components gradually appear over time.

20 As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the area
specifying unit 103, the mixture-ratio calculator 104, and
the foreground/background separator 105 as the input image.

25 Fig. 14 illustrates the background area, the foreground
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the shutter tinme is divided into four portions. The uppernost line in the
di agram corresponds to the 5 first divided period fromwhen the shutter has
opened. The second line in the diagram corresponds to the second divi ded
period fromwhen the shutter has opened. The third line in the diagram
corresponds to the third divided period fromwhen the shutter has opened.
The fourth line in the diagram 10 corresponds to the fourth divided period

fromwhen the shutter has opened. qu“ihytter time divided in accordance
with the anmount of novenent v is also hereinafter referred to as the

"shutter tinme/v". 15 Wen the object corresponding to the foreground is
stationary, the light input into the sensor does not change, and thus, the
f or egr ouad eeonmitiee nti xXEQGLAreas dtpealcotve ricke bavkigwe uobt aireed byddithiedi ng t he
pi xel value FOL by the nunber of virtual divided portions. Simlarly, when
t he obj exnca¥eredr bagsadiongdt arehe discagisednaboyest atlinofduey a relas

foreground conponent FO2/v is equal to the value obtained by dividing the
pi xel valcgarEGRop¢@inge teuber iopoe shoamn igi Fiiged podt iedds 13Bhe ther egr ound
conponent FO3/v is equal to the value obtained by dividing the pixel value
FO3 by t RECRIIRURBePIER ¢iSr PuSILAFlPTaesy Poriticns, thsd foredrordg aned - 51
conponent, FO4/v i,s equal ,to the val ue obtai ned by dividin%f %%% pi xel val ue

FO4 by tHE ARUMREITEr POTFEQRIr dh¢ §eyerssr begkground area

mixed area is a portion that changes from the background to
the foreground, and the uncovered background area of the
mixed area is a portion that changes from the foreground to
the background.

10 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 background. For example, as the pixels aligned side—by;side,
pixels arranged in one line on the screen can be selected.

The pixel values indicated by F0l1 through F04 shown in
Fig. 15 are values of the pixels corresponding to the object
of the stationary foreground. The pixel values indicated by

20 B0l through B04 shown in Fig. 15 are values of the pixels
corresponding to the object of the stationary background.

The vertical direction 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 corresponds to the time at which the sensor starts
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When the object corresponding to the background is 5 stationary, the |ight
input into the sensor does not change, and thus, the background conponent
BO1l/v is equal to the value obtained by dividing the pixel value BOL by
the nunber of virtual divided portions. Simlarly, when the object
corresponding to the background is stationary, the 10 background conponent
BO2/v is equal to the value obtained by dividing the pixel value B02 by

t he nunber of virtual divided portions, the background conponent B03/v is
equal to the value obtai ned by divrdﬁﬁb'the pi xel 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 dbouvdedinpothpamslilyhteispeceleeakliyalwbeargbe ahgethecorrespondi ng
to the foreground is stationary, the light corresponding to the 20

f or egr oupdsébpent atnpbe bntoomheidensér tteesentanghange Fdgri a§ the peri od
corresponding to the shutter tinme. Accordingly, the foreground conponent
FO1l/v corpespepdindg to thhetfimesatpwhicbntbe thevemnstiper firomethef r om when
the shutter has opened, the foreground conponent FO1l/v 25 corresponding to
t he secoABPptr tightofinthe thleutel@ctiriipgly chagge firorfiiHerhathe sPhAteis has
opened, the foreground conponent FO01/v corresponding to the third portion
of the shhet8istepge/ fremoheheart Rédshiipt EhehastépBnéddeand the for egr ound

conponent FO1/v_corresponding to the fqurth portion 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 direction in Fig. 15 corresponds to the
spatial direction X in Fig. 13A. More spebifically, in the
example shown in Fig. 15, the distance from the left side of
the rectangle indicated by "FO01" in Fig. 15 to the right
side of the rectangle indicated by "B04" is eight times 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 period corresponding to the shutter time.

The period corresponding to the shutter time is divided

20 into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
in Fig. 15 can be represented by the model shown in Fig. 9.
The number of virtual divided portions 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
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5 shutter tine/v fromwhen the shutter has opened becone the sane val ue.
The sanme applies to FO2/v through FO4/v, as in the case of FOL/v. Wen the
obj ect corresponding to the background is stationary, the |ight
correspondi ng to the background object 10 input into the sensor does not
change during the period corresponding to the shutter tine. Accordingly,
the background conponent BOl/v corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened, the background conponent
BO1l/v corresponding to the 15 second ﬁgrfion of the shutter tinme/v from
when the shutter has opened, the background conponent BO1l/v correspondi ng
to the third portion of the shutter tinme/v fromwhen the shutter has
opened, aaglbtbheobackgtaabddtoipedepbrBdhy isoseespondi ngehothbhe fourth
portion of the shutter tinme/v 20 fromwhen the shutter has opened becone
t he saneamahue. oTherovemertapplised,t an802he phrdodhcBbievpoAddegctpption is
given of the case in which the object corresponding to the foreground is
nmovi ng andet bbubtbpectimeoisedpundedginbot heubapkygtdand.i s stati onary. 25
Fig. 17 illustrates a nodel obtained by expanding in - 53 the tine
direction theTlpe xeppsznests bine hn pilke| disgramecorragponde| tei Wyea covered
background area, when the object corresponding to the foreground is noving
to the rfgketi Aividgd peried Frgm whent g eaﬁBHgFeéfhﬁﬁvéﬁﬁﬁ?dv i $hg. Since
5 one frame is a short Eeriod, it can be assuned that the L

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

10 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".

15 When the object corresponding to the foreground is
stationary, the light input into the sensor does not change,
and thus, the foreground component F0l/v is equal to the
value obtained by dividing the pixel value FO0l 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 pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel value F03 by the

25 number of virtual divided portions, and the foreground



obj ect corresponding to the foreground is a rigid body noving with
constant velocity. In Fig. 17, the object inage corresponding to the
foreground is noving such that it is positioned four pixels to the right
with respect to a 10 reference frame when it is displayed in the subsequent
frame. In Fig. 17, the pixels fromthe leftnost pixel to the fourth pixe
belong to the foreground area. In Fig. 17, the pixels fromthe fifth pixel
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

ti me. Accomgionghy, FOKE vcaspeqenils t20 thentvailned obrratimedpbyeldivaldieg of t he
pi xel s belonging to the covered background area change fromthe background
conponentdet piviee vedagr 60ddbyopenoumbesat of yarttaied diliydédeduring t he
period corresponding to the shutter tine. For exanple, the pixel value M
surrounde@risyorBe thick 25 frame in Fig. 17 is expressed by equation (1)
below. - 54 M = B02/v+BO2/v+FO7/ v+FC6/ v (1% For exanple, the fifth pixe
from the | ef t"e®nt BRAsCR] eBhcRYF BERECRBLEPONEAL TROr PRSHERAPRY £8 one portion
of the shutter time/v and foreground conponents corresponding to 5 three
por t i ons SR LERBESHuUt T8 LBty 1NRNE LRES, thRe SAPRCH doSSafics ChagLerhe

fifth pixel, fromthe left is 1/4. Th i xth
AL plé%d t%%s,tt%e %a%kb%ou%d com%o%%ﬁ% B0l/v is equal to the

value obtained by dividing the pixel value B0l by the number
of virtual divided portions. Similarly, when the object
corresponding to the background is stationary, the

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

More specifically, when the object corresponding to the

foreground is stationary, the light corresponding to the

20 foreground object input into the sensor does not change
during the period corresponding to the.shutter time.
Accordingly, the foreground component FO0l/v corresponding to
the first portion of the shutter time/v from when the
shutter has opened, the foreground component F01l/v

25 corresponding to the second portion of the shutter time/v
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pi xel fromthe | eft contains background conponents corresponding to two
portions of the shutter tinme/v and foreground conponents corresponding to
two portions of the 10 shutter tinme/v, and thus, the mxture 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 tine/v, and thus, 15 thq_g%g[yre ratio a of the fifth pixel
fromthe left is 3/4. 1t can be assu 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

t he subséguenwhenambe Abtodarteirngkyg, openkdr, d¢hanple egtranidocegpomet tconponent
FO7/v of the fourth pixel fromthe left in Fig. 17 corresponding to the
first p&OilLi/gncofrelsposdidngertot itime/ whiirdmpatien orhe fsihet shutdsr opened is
equal to the foreground conponent of the fifth pixel fromthe left in Fig.
17 corre$pBedvndred Whensébenahpstgar hiasnoprnede ahgh tthe tfioFmeow ongim when
the shutter has - 55 opened. Sim]larly, the fore%round conmponent FO7/v is
equal  t 6°MRENEBILe§PIUNd COSHESROREIHE tRe LEBXERUFCRe POt R RE t0Rt  in
Fig. 17 corresponding tg the third portion of the shutte time/y from when
t he shutf Ptﬁgg Gﬁ@ﬁgﬁ,fﬁﬁﬁ PRETf §hegrhlhdershasnPBsasE SECRe &¥enth

DL et ol RS ELL | B Sod BSP ARG IR LU RO .00, the
the case of F01l/v.
When the object corresponding to the background is
stationary, the light corresponding to the background object
10 input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the
background component BOl/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 opened, the background component B0l/v corresponding to
the third portion of the shutter time/v from when the
shutter has opened, and the background component BOl/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 description is given of the case in which the object
corresponding to the foreground is moving and the object
corresponding to the background 1s stationary.

25 Fig. 17 illustrates a model obtained by expanding in
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It can be assunmed that the object corresponding to the foreground is a
rigid body, and the foreground object is 10 noving with constant velocity
such that it is displayed four pixels to the right in the subsequent
frame. Accordingly, for exanple, the foreground conponent FO06/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
corresponding to the second portioﬁ'éﬁ 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
corresporitlengime tiheethibd paet paredf vhhaeshuft ehe birely frnomnehen the
shutter has opened, and the foreground conponent of the sixth pixel from
the | eft lineFi gncliddingr respordedgbtokbiteuhdurtrkapowheontboe bhgeslutter
time/v fromwhen the shutter has opened. 25 It can be assuned that the
obj ect copresppndidaggat tot hbe- f68egfronegr denvovéng tigitebadghtand t he
foreground object is noving with constant velocity such that it is

di spl aye8iteud7.pi %8l Eige ife thghempunthefsubyveneant vi iamd. ASéocei ngly,
for exanple, the foreground conponent FO5/v of the second 5 pixel fromthe
| eft 3n PRE. fI7mgoipedpBhariigPesirAe fitr 8N per ep6HMEE thatskbitter tinme/v
fromwhen the shutter has opened is equal to the foreground conponent of
t he t hi r @PIBFkeFOFFERPPRELPET O] KR §Or8FTEHRFedBoRdFAF 10 PPRY second

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

10 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. In 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 to 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 background
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 Fig. 17 is expressed by equation (1) below.
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portion of the shutter tine/v fromwhen the shutter has 10 opened.
Simlarly, the foreground conponent FO5/v is equal to the foreground
conmponent of the fourth pixel fromthe Ileft in Fig. 17 corresponding to
the third portion of the shutter tine/v fromwhen the shutter has opened,
and the foreground conponent 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 assun390$£a§ t he obj ect corresponding to the
foreground is a rigid body, and the f ground 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 of the Me#tBoBRsv+BpLXetFON/F+HO61¥ correspondihyg to the first portion
of the shutter time/v fromwhen the shutter has opened is equal to the
f oreground cofponenamplet hehgefbhthppxrelf Foomt hbel éeEt28onhakng. al?
corresponding to the second portion of the - 57 shutter tine/v from when
t he shut Peckiggseupge feaPogenit] apiryespondingr &gr omed PoaFioRett R4/ v is equal
to the foreground conponent of the third pixel fromthe left in Fig. 17
cor r espoRdidid oo tiRe /Vhard S6ressRust CREPSRENTS COrFESPORdingmtthen t he
shuttg has opened, and the_ foreground  conponent of the fourth pixel from
ft

the | t@ﬁe@iQorf?onéoPﬁe§58n&PH§tﬁ6 FH@GVBUr@ﬁdp6PPFont8F MHE RS t er
(il tromaen e shutter has opened. Singe the f7ear qynd e

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
10 shutter time/v, and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
contains background components corresponding to three
portions of the shutter time/v and a foreground component
corresponding to one portion of the shutter time/v, and thus,
15 the mixture ratio o 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 component F07/v of the fourth
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the fifth
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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10 object contains notion blur as discussed above, it can also be referred
to as a "distortion area". Fig. 18 illustrates a nodel obtained by
expanding in the time direction the pixel values of the pixels in one

|l i ne 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 anpbunt of novenent v is 4. Since one frame is a short period, it
can be assuned that the object corre%ﬁonding to the foreground is arigid
body noving with constant velocity.” Pn Fig. 18, the object inmage 20
corresponding to the foreground is noving to the right such that it is
positioned four pixels to the right with respect to a reference franme when
it is dispkagdad i simbetasupsequnentorbyaoendl nokpgnehd8, FORévpixekbgubiliom t he

| eft nrost pixel to the 25 fourth pixel belong to the background area. In
Fi g. 18, tbhehe 58reprmehd tompohhetf poft hhpi sékthoptikelsé&vent hhpi xelfs from
the left belong to the m xed area, which is an uncovered background area.
In Fig. 18, Fibe iVghtnpsspphndéhgbebohls tbirdhpoktieyr ofindhar ehutseThe

obj ect corresponding to the foreground which covers the object

corr espolidimagvt srenevbaekgheuabutsenobpagopaerRd. t RAE thej §ogeaaqurPy
renoved fromthe object corresponding. to the background_over tine.

Accordi n§PyPoRRBtcBfpERentsversht Bitied fﬁoﬁhéhﬁi%@%tvépugégoflﬁhe pi xel s

bel onging to the 10 uncovered background,area change_fromthe f9reground
corresponding to the fourth portion of the shutter time/v

from when the shutter has opened.
It can be assumed that the object corresponding to the

foreground is a rigid body, and the foreground object is

10 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 the shutter time/v from when the shutter has

15 opened is equal'to the foreground component of the fourth
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F06/v is equal
to the foreground compqnent 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 of the sixth 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
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conponents to the background conponents at a certain time of the period
corresponding to the shutter tine. For exanple, the pixel value M
surrounded by the thick frame in Fig. 18 is expressed by equation (2). 15
M = FO02/v+F01/v+B26/v+B26/v (2) For exanple, the fifth pixel fromthe
| eft contains background conponents corresponding to three portions of the
shutter tinme/v and a foreground conponent corresponding to one shutter
portion of the shutter tine/v, and [h%§,_phe 20 m xture ratio a of the
fifth pixel fromthe left is 3/4. The 8 Xt h pi xel fromthe left contains
background conmponents corresponding to two portions of the shutter tinme/v
and foreground conponents corresponding to two portions of the shutter
time/v, @ndethuandthe & xtgid batlyp andf thbefsirrthoBbdpbkekctram the |eft
is 1/2. The seventh pixel fromthe left - 59 contains a background
conponentogbdngewpvhdcngstentneeportiitgnsuch thetshat tter dispgAyedndour
foreground conponents corresponding to three portions of the shutter
time/v, mhdelshus, thherdbktuis thei subsefluehs foawath pegerdingdvthe | ef t
5 is 1/4. Wen equations (1) and (2) are generalized, the pixel value M
can be ekpres¥aurhg.eghat forepspungt coppopBentFFOp/y p3f) thgesecands t he
m xture ratio, B indjicates a pixel value 10 of the back%round, and Fi/v
desidhat@éxﬁlfSFeﬁrGBﬁdleft in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
10 opened. Similarly, the foreground component F05/v is equal
to the foreground component of the fourth pixel from the
left in Fig. 17 corresponding to the third portion of the
shutter time/v from when the shutter has opened, and the
foreground component of the fifth pixel from the left in Fig.
15 17 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that 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 most
pixel in Fig. 17 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to

the foreground component of the second pixel from the left

25 in Fig. 17 corresponding to the second portion of the
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conponent. It can be assuned that the object corresponding to the
foreground is a rigid body, which is noving with constant velocity, and

t he amount of novenent is 4. Accordingly, for 15 exanple, the foreground
conmponent FO1/v of the fifth pixel fromthe left in Fig. 18 correspondi ng
to the first portion of the shutter tine/v fromwhen the shutter has
opened is equal to the foreground conponent of the sixth pixel from the
left in Fig. 18 corresponding to the 3 cond portion of 20 the shutter
time/v fromwhen the shutter has opened. = Sinmilarly, the foreground
conponent FOl/v is equal to the foreground conponent of the seventh pixel
fromthe left in Fig. 18 corresponding to the third portion of the shutter
time/v febntwbentiime/shfitbmr whas ohenstHputasd hhe bpeegdoundimiBG@rlgenponent
of the eighth pixel fromthe left in Fig. 18 corresponding to the fourth
portion thet herspubtied tomppuentr Bivkienst kgushutbethhagoopgmedndlt can be
assuned that the object corresponding to the 5 foreground is a rigid body,
whi ch i scroppngnwi of tbasthard pékedi fypmahbet hefambonfFief Advenent v is 4.
Accordingly, for exanple, the foreground conponent FO2/v of the sixth

pi xel fr6AFYrASPPRALNENtE| ghe18hésdr popbAaNngLt Shehahpititst thBeYVon of the
shutter tinme/v fromwhen the shutter has 10 gpened is equal to the

f or egt ouhd°BolPBReRbeofNPRECEehBAt APePPLel 2PFoR BhECFERTOPRIF| g. 18

corresponding to the second ortion_of  the shutter tine/lv fromwhen the
ShutteP ﬁg@pgnent o% the ?our@h pixel from the e%t Enngig. 19 :

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

Since the foreground area corresponding to the moving

10 object contains motion blur as discussed above, it can also
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 amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant 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
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opened. Simlarly, the foreground conponent FO2/v is equal to the
foreground conponent of the eighth pixel fromthe 15 left in Fig. 18
corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened. It can be assuned that the object corresponding to the
foreground is a rigid body, which is noving wwth constant velocity, and
the amount of noverment v is 4. Accordingly, 20 for exanple, the foreground
conmponent FO03/v of the seventh pierE;ron1the left in Fig. 18
corresponding to the first portion of & e shutter time/v fromwhen the
shutter has opened is equal to the foreground conponent of the eighth

pi xel fromthe left in Fig. 18 corresponding to the second 25 portion of

t he shut pérellemébomf tbm Bhénht péxshutbetthkaseve6ih ppsréd. frbm lthe been
described with reference to Figs. 16 through 18 that the nunber of virtual
di vi ded pefti briong 2o thRemawpberrefr ,vivhtigal idi endedcpyeriedns corresponds
to the 5 ampunt of novenment v. Generally, the anount of novenent v

corr espoR8SkgECURE ABERNRQ §pe€égof16heté§jééghéwpﬁésﬁéﬁeﬂn361PGG§hé0
foreground. For exanple, if the object corresponding to the foreground is
movi ng s&BR EREEIFPURE @FSPlayed four pixels to the right with respect to
a certain frane when it 10 is positioned in the subsequent franme, the
amount  of nn@%ﬁﬁﬂ?J%CFSC%E¥9§B°ﬁdlﬁ%etﬂuﬁ%%rf%¥e9¥??ﬁﬁlWH?QPd%ﬂveﬁﬁrt|ons
is set t ordance with the a nent V. Slnllaaly, when

the- obj cehecBPi BEhoRarAGPEPERBY Fo” The batkgrbuRd 13 mbviRg"sul

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' surrounded by the thick
frame in Fig. 18 is expressed by equation (2).

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

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

20 mixture ratio & of the fifth pixel from the left is 3/4.
The sixth pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the
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
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foreground is noving such that it is displayed six pixels to 15 the left
wWth respect to a certain frame when it is positioned in the subsequent
frame, the amount of novement v is set to 6, and the nunber of virtual
divided portions is set to 6. Figs. 19 and 20 illustrate the relationship
of the 20 foreground area, the background area, and the m xed area which
consists of a covered background or an uncovered background, which are

di scussed above, to the foreground cggponents and the background
conponents corresponding to the divided periods of the shutter tine. 25
Fig. 19 illustrates an exanple in which pixels in the - 62 foreground
area, the background area, and the m xed area are extracted from an i nage
cont ai ni egnaafiasegr bacitgroandespopdneg tt eoaireabjpadi ngotiongnien pbratonof a
stationary background. In the exanple shown in Fig. 19, an object A5

corr espondi nhet shuheefrotegedundnds fooegzonndl kpmpoviengswi t h respect to the
screen. Frane #n+l is a franme subsequent to frane #n, and frame #n+2 is a
frame sulbsegesprndénir &oe thnek. pPirkébssi pft tbef shagteundinedy, end
background area, and 10 the m xed area are extracted fromone of franes #n
t hrough thH$2, tAgdMikEvgROYALLief Arefeibnt sevedtiePrikeld framnide Ledidt ai ned
by expandi ng the pixel values of the extracted pixels in the tinme
direéfioﬁsi /4hown in Fig. 20. Since the object A corresponding to the

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

value M can be expressed by equation (3):

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

where o is the mixture ratio, B indicates a pixel value
10 of the background, and Fi/v designates a foreground
component.

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

15 example, the foreground component F01l/v of the fifth pixel
from the left in Fig. 18 corresponding to the first portion
of the shutter time/v from when the shutter has opened is
equal to the foreground component of the sixth pixel from
.the left in Fig. 18 corresponding to the second portion of

20 the shutter time/v from when the shutter has opened.
Similarly, the foreground component F01l/v is equal 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



15 noving, the pixel values in the foreground area are forned of four
different foreground conponents corresponding to the shutter time/v. For
exanple, the leftnost pixel of the pixels in the foreground area shown in
Fig. 20 consists of FO1/v, FO02/v, FO03/v, and FO4/v. That is, the pixels in
the 20 foreground contain notion blur. Since the object corresponding to

t he background is stationary, light input into the sensor corresponding to
the background during the shutter tine does not change. In this case, the
pi xel values in the background area”dé%at contain 25 notion blur. - 63

The pixel values in the m xed area consisting of a covered background area
or an uncovered background area are formed of foreground conponents and
backgr ouadmponpnoentsthéd deghthpbirali srginvehebebow oh EHigoddéB obt ai ned by
5 expanding in the time direction the pixel values of the pixels which are
al i gned sbdeebposiilegi hoatheufabirtly pbrtiomnes ahd whiithear €imeduted at the
sane positions when the franmes are overl apped when the i nage correspondi ng
to the ©6bpecvhes tbei AbutFer kaanpbenedhen the i mage corresponding 10 to
the object is noving horizontally with respect to the screen, pixels
al i gned on t hkt seaedpe cagsweed et leat etheisohRct pixeresperdhed ¢ dehoy- si de.
Fig. 21 illustrates a nodel obtained by expanding in the time direction
the i xefsraarenndr ésapi gheddshbadypyvbiab 135mpHipgr Béthr sABEtBRtan i nage
obt ai ned by capturing an obj ect ) )
velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component F02/v of the sixth
pixel from the left in Fig. 18 corresponding to the first
portion of the shutter time/v from when the shutter has
10 opened is equal to the foreground component of the seventh
pixel from the left in Fig. 18 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F02/v is equal
to the foreground component of the eighth pixel from the
15 left in Fig. 18 corresponding to the third portion of the
shutter time/v from when the shutter has opened.
It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,
20 for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 18 corresponding to the first
portion of the shutter time/v from when the shutter has
opened 1s 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
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corresponding to a stationary background and which are |ocated at the sanme
positions when the franes are overl apped. Frane On is the franme subsequent
to frane #n-1, and frame #n+l is the frane subsequent to frane On. The
same applies 20 to the other franmes. The pixel values BOL through B12
shown in Fig. 21 are pixel values corresponding to the stationary
background object. Since the object corresponding to the background is
stationary, the pixel values of the caorresponding pixels in 25 frame #n-1

t hrough frane #n+l1 do not change. For anple, - 64 the pixel in frame #n
and the pixel in frame #n+l | ocated at the corresponding position of the
pi xel having the pixel value B0O5 in frane #n-1 have the pixel value BO05.
Fig. 22 bbkustirates a nodel obtained by expanding in 5 the tine direction

t he pixels which are aligned side-by-side in three frames of an inmage
obt ai ned by captliasnigeem dbsecibedovitlspoafiengnte tofBiegrolufd that is
noving to the right in Fig. 22 together with an object corresponding to a
st ati onathrbagkgi8untiagndhehhnohbareolfovarsdaat dilédednpordiposi tlisods when
the franmes are overl apped. The nodel shown in Fig. 22 contains a covered
backgr ouAieapambernof| yirzpalj givaAederassinng cRErespends) &6t the
corresponding to the foreground is a rigid body noving with constant

vel oc t y2maHatt Rat MPVemenfoVi- ngCenekathxt ithej ameendi 8F| BPE¥EMRHEr Vpi xel s to
the right in the subsequent frane. Accordingly, t he amount of nopvenment v

is 4, an8°tfRESRERASr to the moving speed of the” object corresponding

to the foreground. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it

10 is positioned in the subsequent frame, the amount of
movement v is set to 4. The number of virtual divided
portions is set to 4 in accordance with the amount of
movement v. Similarly, when the object corresponding to the
foreground is moving such‘that it is displayed six pixels to

15 the left with respect to a certain frame when it is
positioned in the subsequent frame, the amount of movement v
is set to 6, and the number of virtual divided portions is
set to 6.

Figs. 19 and 20 illustrate the relationship of the

20 foreground area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, to the foreground
components and the background components corresponding to
the divided periods of the shutter time.

25 Fig. 19 illustrates an example in which pixels in the
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of virtual divided portions is 4. For exanple, the foreground conponent of

the leftnost pixel of frane #n-1 in Fig. 22 corresponding to the first
portion of the shutter tine/v fromwhen the shutter

has opened is F12/v,

20

and the foreground conmponent of the second pixel fromthe left in Fig. 22

corresponding to the second portion of the shutter tine/v fromwhen the

shutter

the shutter tinme/v fromwhen the shut
conponent of the fourth pixel from the left in Fig. 22 corresponding to

has opened is also F12/v. The foreground conponent of the third 25
pi xel fromthe left in Fig. 22 corres%gnding to the third - 65 portion of
t

r "Thas opened and the foreground

the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are 5 Fl2bvegTFhenfioaegapuntecbapbgentindf arhe, | ehtimbbe pixed etehrame #n-1
22 corresponding to the second portion of the shutter time/v from

in Fig.

when t heeshueteedhfsovpanedmageFtohtainThg &ofeyeoguadndonponent of the

second pixel fromthe left 10 in Fig. 22 corresponding to the third portion

of the sharresponfiagvteram akdAactheoshnot ér Rasnspedied PEaafLepaFYl/v. The
foreground conponent of the third pixel fromthe left in Fig. 22

corr espoRa@rkgresrnthe fButhR PERPPOA 8PROYReiBhELEBer 1Pi mBPVOPELEM fhen t he
has opened. is Fl11/v. 15 The foreground, conponent of .the | eftnobst
pi xel® of CPFARBPOBAIRG| ROFFHe SoredrPuiPondi RGTFEEOrRe LK PAVEBEt Fékhof the

shutter

shutter

10

15

20

25

time/v_fromwhen the shutter has opened is F10/v.
respect to the screen,

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

Pixels in the foreground area, the background area, and
the mixed area are extracted from one of frames #n thrqugh
#n+2, and the amount of movement v is set to 4. A model
obtained by expanding the pixel values of tﬁe extracted
pixels in the time direction is shown in Fig. 20.

Since the object A corresponding to the foreground is
moving, the pixel values in the foreground area are formed
of four different foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 20 consists of
FO0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.

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

motion blur.
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The foreground conponent of the second pixel fromthe left in Fig. 22
corresponding to the fourth portion of the 20 shutter tinme/v fromwhen the
shutter has opened is also F10/v. The foreground conponent of the | eftnopst
pi xel of frame #n-1 in Fig. 22 corresponding to the fourth portion of the
shutter tine/v fromwhen the shutter has opened is FO9/v. Since the object
corresponding to the background is 25 stationary, the background conponent
of the second pixel - 66 fromthe Lp%} of frame #n-1 in Fig. 22
corresponding to the first portion of® He shutter time/v from when the
shutter has opened is BOl/v. The background conponents of the third pixel
fromthe left of frane #n-1 in Fig. 22 corresponding 5 to the first and
second porti onseopixde shlbéerini neévmixrxed anbencoéheishibyeofhas opened are
BO2/v. The background conponents of the fourth pixel fromthe |left of
frame #ncbverpdFbgck@2ooodr espendirngnt ancheefredsbackgseghdt hireg @aet i ons

of the shutter tine/v fromwhen the shutter has opened are 10 B0O3/v. In
frame #nformgdfFpg. fezegrhundefomponepitreknty backheoungf cop@oasdsst-o t he
foreground area, and the second through fourth pixels fromthe |eft bel ong
to the nixed AreéaschikPthoni£sagévoerr8lpHcREr duRedat e@PtaEnFRePYi ft h
through twelfth pixels fromthe left of frame, #n-1 in Fig. 22 belong to

t he bgckﬁleGﬁélageé,n she thmeppigectigrudber Réx&s Vénléelﬁo%ft FSugh B11,

respectively. The first through fifth pixels fromthe left in frane
P p?x%ls w%ich are algg%ed 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 corresponding

10 to the object is moving horizontally with respect to the
screen, pixels aligned on the screen can be selected as the
pixels aligned side-by-side.

Fig. 21 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side

15 in three frames of an image obtained by capturing an object
corresponding to a stationary background and which are
located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies

20 to the other frames.

The pixel values B0l through Bl2 shown in Fig. 21 are
pixel values corresponding to the stationary backgrbund
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in

25 frame #n-1 through frame #n+l do not change. For example,
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#n in Fig. 22 belong to the foreground area. The foreground 20 conponent
in the shutter tinme/v in the foreground area of frame #n is any one of
FO5/v through F12/v. It can be assuned that the object corresponding to the
foreground is a rigid body noving with constant velocity, and that it is
novi ng such that the foreground inmage is 25 displayed four pixels to the
right in the subsequent frane. - 67 Accordingly, the foreground conponent
of the fifth pixel fromthe left of frame #n in Fig. 22 corresponding to
the first portion of the shutter t @A From when the shutter has opened
is F12/v, and the foreground conponent of the 5 sixth pixel fromthe |eft
in Fig. 22 corresponding to the second portion of the shutter tine/v from
when t hetabuptieel hasfeopeaedni andl sheFp2kel Thefframeg#aundloeapedent of the
seventh pixel fromthe left in Fig. 22 corresponding to the third portion
of the shbet eprrespbudingnpwhénibheoshuheepik@lhlsvapgnéticapdxehe
foreground conponent of the eighth pixel fromthe left in Fig. 22
corresponmdilng BOSt he foameh#poit heme ohet héxshutveépet BA/v from when the
shutter has opened are F12/v. The foreground conponent of the fifth pixel
fromthe 15 Fest o illhwetwates Fimoded ebiabredndy ngxpandhedsérond
portion of the shutter time/v fromwhen the shutter has opened is F11/v.
The fore§PBuitdmeofpERERLOBf thRePEKRLR WBi Bl afpomliABefefidpnbyglide?
correspondingrto the third portion of the shutter tinme/v fromwhen the

shutter RBjsthree frames of an image 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
10 positions when the frames are overlapped. The model shown
in Fig. 22 contains 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 of movement.v is 4, and the number
of virtual divided portions is 4.

For example, the foreground component of the leftmost

pixel of frame #n-1 in Fig. 22 corresponding to the first

20 portion of the shutter time/v from when the shutter has
opened is F12/v, and the foreground component of the second
pixel from the left in Fig. 22 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl12/v. The foreground component of the third

25 pixel from the left in Fig. 22 corresponding to the third
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20 opened is also Fl1ll/v. The foreground conponent of the seventh pixel
fromthe left in Fig. 22 corresponding to the fourth portion of the
shutter tine/v fromwhen the shutter has opened is FIl/v. The foreground
conponent of the fifth pixel fromthe 25 left of frame #n in Fig. 22
corresponding to the third - 68 portion of the shutter tine/v from when
the shutter has opened is F10/v. The foreground conponent of the sixth

pi xel fromthe left in Fig. 22 corrqsﬁgijng to the fourth portion of the
shutter tinme/v fromwhen the shutter s 5 opened is also F10/v. The
foreground conponent of the fifth pixel fromthe left of frame #n in Fig.
22 corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter bastdopened itbeF8BhuteSi himet'ke fobneshevothespbnditeg test he
background is 10 stationary, the background conmponent of the sixth pixel
from thepkekt ehdf thaefgnegnoBng. ceeponensspdntneg fourthepikedt frporti on
of the shutter tine/v fromwhen the shutter has opened is B05/v. The
backgr outttiecémpsnént Eigf RRecessveaprAndpngeltof tbm CRETIEEf POSIEiPRa/E #n in
Fig. 22 corresponding to 15 the first and second portions of the shutter
time/v fitBm S%Héﬁerhgl@ﬁmft EFroRayhepeitbs &PETBOE/ P2STRECHEEKGFSuUNd
conponents of the eighth pixel fromthe left of frame #n in Fig. 22
corré%poﬁa?ﬁg'to the first through third portion of the shutter tine/v

from
om when theTﬁQu égggpggngpgaggogégtzgfngévleftmost 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 Fll/v.
The foreground component of the second pixel from the left

10 in Fig. 22 corresponding to the third portion of the shutter
time/v from when the shutter has opened is also Fll/v. The
foreground component of the third pixel from the left in Fig.
22 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened is F1ll/v.

15 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 the shutter has opened is F10/v.

The foreground component of the second pixel from the left
in FPig. 22 corresponding to the fourth portion of the

20 shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 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 pixel
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In frame #n in Fig. 22, the sixth through eighth pixels fromthe left
belong to the m xed area, which is a covered background area. The ninth
through twel fth pixels fromthe left of franme 25 #n in Fig. 22 belong to

t he background area, and the pixel - 69 values thereof are BOB t hrough
B11, respectively. The first through ninth pixels fromthe left in frane
#n+l in Fig. 22 belong to the foreground area. The foreground conponent in
the shutter time/v in the foreground 5 area of frane #n+l is any one of
FO1/v through F12/v. It can be assumed@® fat the obj ect corresponding to the
foreground is a rigid body nmoving with constant velocity, and that it is
novi ng such that the foreground inage is displayed four pixels to the
right inftrbe shbstgoendbff Fasme #0Q-Actordiggl g2 theréepegdaougdteompanent of
the ninth pixel fromthe left of frame #n+l in Fig. 22 corresponding to
the firsirporpbohiofh dhetkBbushettérneimefvofrvmenhehetbhushettelhas opened
is F12/v, and the foreground conponent of the tenth pixel fromthe left in
Fig. 22 basreppoadi hg BOlYhe 1Bhsebankgponhdonomponhatshaft &het ithetd from
when the shutter has opened is also F12/v. The foreground conponent of the
el event hrpkgeél frponthhel bt of nfFage #R-toineEpondiAgcparerpondhngd portion
of the shutter tine/v fromwhen the shutter has opened and the foreground
conpenentCothenhfirgel P pprendoporibanshef| he pRUFtgr 22medivr E5pBnding to

the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are 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

10 BO03/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 the background area, and the pixel
values thereof are B04 through Bll, respectively.

The first through fifth pixels from the left in frame
#n in Fig. 22 belong to the foreground area. The foreground

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

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

25 displayed four pixels to the right in the subsequent frame.
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F12/v. The foreground conponent of the ninth pixel fromthe Ileft of frane
#n+l in Fig. 22 corresponding to the second 25 portion of the shutter
time/v fromwhen the shutter has - 70 opened is FlI/v. The foreground
conmponent of the tenth pixel fromthe left in Fig. 22 corresponding to the
third portion of the shutter time/v fromwhen the shutter has opened is
al so F1l/v. The foreground conponent of the 5 eleventh pixel fromthe |eft
in Fig. 22 corresponding to the fourth portion of the shutter tinme/v from
when the shutter has opened is F1ll/v.”'The foreground conponent of the
ninth pixel fromthe Ileft of frame #n+l in Fig. 22 corresponding to the
third 10 portion of the shutter tine/v fromwhen the shutter has opened is
F10/v. Thecbedégpdyndthemionentoahdt kempeneht pifxehef famthheikkefit in Fig.
22 corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter lfasm tpenddfitsodl $oameOfn. iMh&ifor €gr comdespopdient tof thiee ninth 15
pi xel fromthe left of frame #n+l in Fig. 22 corresponding to the fourth
portion &trshepsohtirar ofi bevshpomewhsamee fohmt whenhabeopbusdeirs FO9/ v.
Since the object cotresgonding to the background is stationary, the

backgr ouh@scerRpBRENtE SoF 12KE, t enththexéprepsaundocpmponent of fthgme #n+l in
Fig. 22 corresponding to the first portion of the shutter tine/v from when
t he §hutFéFtHanﬁﬁéngaomstB@Qﬂ@ftTﬁé Baskgr8uRarE6RPOREATY &P he el eventh

second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the
seventh pixel from the left in Fig. 22 corresponding to the
third portion of the shutter time/v from when the shutter
10 has opened and the foreground component of the eighth pixel
from the left in Fig. 22 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Fl2/v.
The foreground component of the fifth pixel from the
15 left of frame #n in Fig. 22 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the sixth
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 foreground component of the
seventh pixel from the left in Fig. 22 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is Fll/v.
The foreground component of the fifth pixel from the

25 left of frame #n in Fig. 22 corresponding to the third
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pi xel fromthe left of frame #n+l in Fig. 22 corresponding to the first
and second portions of the shutter tine/v from 25 when the shutter has
opened are B10/v. The background - 71 conponents of the twelfth pixel from
the left of frame #n+l in Fig. 22 corresponding to the first through third
portion of the shutter time/v fromwhen the shutter has opened are Bll/v.
51In franme #n+l in Fig. 22, the tenth through twelfth pixels fromthe |eft
belong to the m xed area, which is a eﬁpvered background area. Fig. 23 is a
nmodel of an inmge obtained by extractitrg the foreground conponents from

t he pi xel values shown in Fig. 10 22. Fig. 24 illustrates a nodel obtained
by expanding in the tinme direction the pixels which are aligned

si de- by- pbdeiohnofhtee thamesrotims/wniagemobhannetebghoapeur hag an obj ect
corresponding to a foreground that is noving to the right in 15 Fig. 24

t oget her opehhdamsoBjleé¢y . cofhespondigmgund aompbaensnafy thackdrsbnd and whi ch
are |l ocated at the sane positions when the franes are overl apped. The
nodel shpwweli irBingth24lednt ahnEign dAcoveredprbadkggotind theedourghri g. 24,
it can be assuned that the object 20 corresponding to the foreground is a
rigid boagrkdenngiwichh sbohseantipel/ygcifrpm Hhéntﬁgﬁ phut§eroPirlg such t hat
it is displayed four pixels to the right in the subsequent frane.

Accordli ngpgnefihésapdant FéP/HovehBht fpregrgund 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

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 B0O5/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 from when the shutter has opened are

20 B07/v.

In frame #n in Fig. 22, the sixth through eighth pixels
from the left belong to the mixed area, which is a covered
background area.

The ninth through twelfth pixels from the left of frame

25 #n in Fig. 22 belong to the background area, and the pixel
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For exanple, the foreground conmponent of the leftnost 25 pixel of frame
#n-1 in Fig. 24 corresponding to the first - 72 portion of the shutter
time/v fromwhen the shutter has opened is F13/v, and the foreground
conponent of the second pixel fromthe left in Fig. 24 corresponding to

.the second portion of the shutter tinme/v fromwhen the shutter has 5

opened is also F13/v. The foreground conponent of the third pixel fromthe
left in Fig. 24 corresponding to the third portion of the shutter tinme/v
from when the shutter has opened and e foreground conponent of the
fourth pixel from the left in Fig. 24 corresponding to the fourth portion
of 10 the shutter tine/v fromwhen the shutter has opened are F13/v. The

f or egr ound loespahemeodf atrke BO8C ahdopigheB1fir,omelsipectlioktiyof frame #n-1 in
Fig. 24 corresponding to the first portion of the shutter tinme/v from when
the shutter h#@kelSivpentlrggkldinthThixédbsefrountheobpbhenn 6fambe third
pi xel fromthe left in Fig. 24 corresponding to the second portion of the
shutter #pfe/ ¢vnf Fém-whénbeRenghtiet shehforegponad iageal-soThe4/v. The
foreground conponent of the third pixel fromthe left in Fig. 24

cor r espoi@irR§regnchecrmppaento ipoithieo s hot tefe tReY Ve d nt it/ F oregmonmeh t he

shutter has opened is F15/v. Since the ogject corresponding to the
backgt ouRdeRs O fsEZeMsndry Ll dhe aBAcRELoEd FOSHNoREFOSIbF FiREVI-ef t nDSt pi xe

of frame #n-1_in Fig. 24 corresponding to the second thrqugh
It cangbe assumed that tge ob%ect correspondggg 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+l in Fig. 22 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is Fl2/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 Fl1l2/v. The foreground component of the
eleventh pixel from the left in Fig. 22 corresponding to the
third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth pixel

20 from the left in Fig. 22 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Fl2/v.

The foreground component of the ninth pixel from the

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

25 portion of the shutter time/v from when the shutter has
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25 fourth portions of the shutter tinme/v fromwhen the shutter - 73 has
opened are B25/v. The background conponents of the second pixel fromthe

|l eft of frame #n-1 in Fig. 24 corresponding to the third and fourth
portions of the shutter tinme/v fromwhen the shutter has opened are B26/v.
5 The background conponent of the third pixel fromthe left of frane #n-1
in Fig. 24 corresponding to the fourth portion of the shutter tine/v from
when the shutter has opened is B27/v. _In franme #n-1 in Fig. 24, the

| ef t nrost pixel through the third prxgp belong to the mixed area, which is
an 10 uncovered background area. The fourth through twelfth pixels fromthe
|l eft of frame #n-1 in Fig. 24 belong to the foreground area. The

f or egr oungenedponeRl 19f .t hehér doeepsoany onmpoheki3b¥ ther aeghthF24/v. 15
The | eftnost pixel through the fourth pixel fromthe left of frame #n in
Fig. 24 pékehgfromt hbebaekgr dbunfigred? candethengirgl teakbesthhedeof are
B25 t hrough B28, respectively. . It can be assuned that the object

corr espondrhgonoofhthe26hfiskteyr tdmd/vsfaomi ghdnbsly sbuittigrwhel const ant
velocity, and that it is nmoving such that it is displayed four pixels to
the ri ghprepeghéssabseqiiéht virafbe Aecegaprghycompenehsr edr 888d conponent
of the fifth pixel fromthe left of franme #n in Fig. 24 corresponding to
the firsBlpBeptbnPéke2strAd &hat teftt LtReF¥9f r 8/ FRERSERENERNG &P KBS opened

is F13/v, . . '
fourth portion of the shutter time/v from when the shutter

has opened is Fll/v.
The foreground component of the ninth pixel from the
left of frame #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 Flg. 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
stationary, the background component of the tenth pixel from
20 the left of frame #n+l in Fig. 22 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is B09/v. The background components of the eleventh
pixel from the left of frame #n+l in Fig. 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
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- 74 and the foreground conponent of the sixth pixel fromthe left in
Fig. 24 corresponding to the second portion of the shutter tine/v from
when the shutter has opened is also F13/v. The foreground conponent of the
seventh pixel from5 the left in Fig. 24 corresponding to the third portion
of the shutter time/v fromwhen the shutter has opened and the foreground
conponent of the eighth pixel fromthe left in Fig. 24 corresponding to
the fourth portion of the shutter tine/v fromwhen the shutter has opened
are F13/v. 10 The foreground conponént’lof the sixth pixel fromthe |left of
frame #n in Fig. 24 corresponding to the first portion of the shutter
tinme/v fromwhen the shutter has opened is Fl14/v. The foreground conponent

of the seympbhenpbxek themitbertrfpik81 FEgom24neoreespendEngmboshiie second
15 portion of the shutter tine/v fromwhen the shutter has opened is also

Fl14/v. The fFogegeoubsdreespong@bhgotot bre €igbthtprzeghfebiréhpokeibnin Fig.
24 corresponding to the first portion of the shutter time/v fromwhen the
shutter ofiashepshetdtes Eibéyv POoBi whent hkeobhettecohassppadedgate t he
background is stationary, the background conponents of the fifth pixel
fromtheBLéfv.of frame #n in Fig. 24 corresponding to the second through
fourth portions of the shutter tinme/v from when the shutter has opened are
B29/\b The babkgfoumel 25tkopdiieht 22f thre Sixth pixeuglromelfieh| eft of

frame #n in - 75
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
statlionary background and which are located at the same
positions when the frames are overlapped. The model shown
in Fig. 24 contains an uncovered background  area.

In Fig. 24, 1t can be assumed that the object

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

For example, the foreground component of the leftmost

25 pixel of frame #n-1 in Fig. 24 corresponding to the first
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Fig. 24 corresponding to the third and fourth portions of the shutter
tinme/v fromwhen the shutter has opened are B30/v. The background
conponent of the seventh pixel from the left of 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 left belong to the m xed area, which
is an uncovered background area. 10 The eighth through twelfth pixels from
the left of frame #n in Fig. 24 belond to the foreground area. The value
in the foreground area of frane #n corresponding to the period of the
shutter tinme/v is any one of F13/v through F20/v. 15 The | eftnost pi xel

t hrough tpheteoghtlf Rheelhitaert Remel/@f from hane tH#e+inurktkirgha24 belong to
t he background area, and the pixel values thereof are B25 through B32,
respecti veleyed tiscan3lde,asadnetet Hatrehyreunl eeimpoaenespdndheg seeonde 20
foreground is a rigid body noving wth constant velocity, and that it is
novi ng swdlkefth&tromt the diespl apedibour4picwelrsspbodihg rtioghhei setclad
subsequent frane. Accordingly, the foreground conponent of the ninth pixel
f r om t he poefttiocof off thee sitmtteirn tEimg/v24 romr wbsponilienghtud telre higisr st porti on
of 25 the shutter tine/v fromwhen the shutter has opened is F13/v, - 76
and the PoeagdodrdadsrpbAdnt -of Thiee fosrpmopndecomporeniiecf 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

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

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

15 opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 24 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 24 corresponding toc the first

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

Since the object corresponding to the background is
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 24 corresponding to the second through

25 fourth portions of the shutter time/v from when the shutter
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left in Fig. 24 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened is also F13/v. The foreground conponent
of the eleventh pixel from5 the left in Fig. 24 corresponding to the third
portion of the shutter time/v fromwhen the shutter has opened and the
foreground conponent of the twelfth pixel fromthe left in Fig. 24
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened are F13/v. 10 The foreground conponent of the tenth

pi xel fromthe Ileft of frane #n+1i71%ﬁgj 24 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is Fl14/v.
The foreground conponent of the eleventh pixel fromthe left in Fig. 24
correspondisngpkdetinarsesasdvlS paet baekgtotha sbhpbaentismekvtheom when the
shutter has opened is also F14/v. The foreground conponent of the twelfth
pi xel fremcohe pbekeli irbmgth24ledtr espdndmeg#helt he Fligr.st4portion of the
shutter tinme/v fromwhen the shutter has opened is F15/v. 20 Since the

obj ect correepprddigat dot hbebabkgdoand ifsurshappeotarys blie tbackgr ound
conponents of the ninth pixel fromthe left of frame #n+l in Fig. 24

cor r espordiufgero titme/ vs ésondwherotyk Bbutthrpbesi opsnefl eke BRaGYVer tinme/v
from when the shutter has opened are B33/v. The background 25 conponents
of the t&hehbpckeropngncenponent of thgnshapdipigel frompite 2gft of
corresponding to the third and fourth portions of the shutter time/v from
when thefgﬁ@@tép—ﬁagnogégedZQrgorresponding 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 is any one of F13/v
through F24/v.

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

It can be assumed that the object corresponding to the

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

25 the shutter time/v from when the shutter has opened is Fl13/v,
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B34/v. The background conponent of the eleventh pixel from the left of
frame #n+l in Fig. 24 corresponding to the 5 fourth portion of the shutter
time/v fromwhen the shutter has opened is B35/v. In frame #n+l in Fig.
24, the ninth through eleventh pixels fromthe left in Fig. 24 belong to
the m xed area, which is an uncovered background area. 10 The twel fth

pi xel fromthe left of frame #n+l in Fig. 24 belongs to the foreground
area. The foreground conponent in the shutter tine/v in the foreground
area of frame #n+l is any one of FI37fhfough F16, respectively. Fig. 25
illustrates a nodel of an inage obtained by 15 extracting the foreground
conponents fromthe pixel values shown in Fig. 24. Referring back to Fig.

9, the agga EE@CEBYéEgouﬂﬁtcéﬁﬁonéﬂ@beieﬁeféﬂgﬁhipdkéatfﬂgmtahmhiCh of a
foreground area, a background area, a covered background area, or an
uncover ele2@ hackggoupd aseactpendbflgvtdughepszebsdopotrhionnpfit thamge

bel ong by using the pixel values of a plurality of frames, and supplies
t he fl agshtietehethin®f ur éxromt whenathal ahottéf4haandpehednbsi ahsbl ur
adjusting unit 106 as the area information. 25 The m xture-ratio

cal cul at 8L3104 cH@heufaregrbohedncenporent78f thei seysntbrpréseh preml
contained in the mxed area based on the pixel values of a plurality of
framds ahbet hefar éa Fidf o2 AmcponesapddsnpptpeshehshéafdchpateannPLture ratio

ato
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 when the shutter has opened are F13/v.

10 The foreground component of the sixth pixel from the
left of frame #n in Fig. 24 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the seventh
pixel from the left in Fig. 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 portion of the shutter time/v from when the shutter
has opened is F15/v.

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

25 components of the sixth pixel from the left of frame #n in
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t he foreground/ background separator 105. 5 The foreground/ background
separator 105 extracts the foreground conponent inmage consisting of only
the foreground conponents based on the pixel values of a plurality of
frames, the area information, and the mxture ratio a, and supplies the
foreground conponent image to the notion-blur 10 adjusting unit 106. The
noti on-blur adjusting unit 106 adjusts the anmount of notion blur contained
in the foreground conponent inage baﬁﬁﬁ on the foreground conponent inage
supplied fromthe foreground/ backgro ‘separator 105, the notion vector
15 supplied fromthe notion detector 102, and the area information
supplied fromthe area specifying unit 103, and then outputs the

f or egr oulRd gcogorentreisprgding whi cthemuhiiead ablduifous tadposttédnsThéE
processing for adjusting the anmount of notion blur 20 perfornmed by the
separ at i rpepehuitderdtime/desecrmbatiebeltbw shuttliereheseppentd tlre fl owchart
of Fig. 26. In step S11, the area specifying unit 103 executes area

speci fyi B§0/pr-oc&bsi hgckbaseadonomponaptt oifmaye, skyengénpizeilngramea
information indicating to which of a foreground area, a 25 background area,
a cover edhsadledtoeid fapeg, #or ianFidco¢ér e@rreppongiakgitoutbicatesdrshch pi xel
of the input image belongs. Details of the area specifying processing are
gi verP beP&¥tioPhefaitbs §gé&tﬁyi fgmegdivt Tro® ¥hepl itbs chEt§eRelrated area

informati on to the gi§ture-ratio cal cul ator 104.
opened is B3l/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
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 leftmost pixel through the eighth pixel from the
left of frame #n+l in Fig. 24 belong to the background area,
and the pixel values thereof are B25 through B32,
respectively.

It can be assumed that the object corresponding to the

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

25 the shutter time/v from when the shutter has opened is Fl1l3/v,
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5 1n step S11, the area specifying unit 103 nmay generate, based on the

i nput inmage, area information indicating to which of the foreground area,

t he background area, or the m xed area (regardl ess of whether each pixel
bel ongs to a covered background area or an uncovered background area) 10
each pixel of the input inmage belongs. In this case, the

f or egr ound/ background separator 105 and the notion-blur adjusting unit 106
determ ne based on the direction of the notion vector whether the m xed
area is a covered background area ar ‘&n"uncover ed background area. For
exanple, if the 15 input image is disposed in the order of the foreground
area, the m xed area, and the background area in the direction of the
noti on vendothei forsgdetrdntordohbat dhetnexednahepikslafromvehed
background area. If the input inage is disposed in the order of the
backgrouhdfar ¢éa, Fige ##xedraespondidgt he 2Def seegndupdréien ©f the
direction of the notion vector, it is determned that the mxed area is an
uncover edhbatkyr bimd/vafeam ¥hest theSihutthe hagt gpenedtis sabcul ator 104
calculates the mxture ratio a for each pixel contained in 25 the m xed
area basB#36w-t hEhgnpareorayedandmphecnteal- tBe elavepkhat PbrelDéram s of
the m xture ratio calculating processing are given below. The m xture-ratio
cal cH at 8fhe iedtsippFies ZRecearesParednei kpurker Ahitsdarpstine of

f or eground/ background separator 105. 5 In steE S13, the

f or egr ouhBEDAERGFBENEIBENYr AFBR YBsn 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.

10 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 component of the eleventh
pixel 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
twelfth pixel from the left in Fig. 24 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v,

20 Since the object corresponding to the background is
stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 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



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 image. 10 In step S14, the notion-blur adjusting unit 106
generates, based on the notion vector and the area information, the unit
of processing that indicates the positions of consecutive pixels disposed
in the noving direction and belongin% to any of the uncovered background
15 area, the foreground area, and the ‘Covered background area, and adjusts
t he amount of notion blur contained in the foreground conponents
corresponding to the unit of processing. Details of the processing for

adj usti ngighe24aabunbspbnabhgonobkue anergi ¥aa beuewn POrkAoakepfS1S5, the

separating portion 91 determ nes whether the processing is finished for
t he whol ehecseentekf time/ivs fdemewhenedhet batitthe paecepsnerd Bsenot fini shed
for the whole screen, the process proceeds to step S14, and the processing
f or adj ustiédry .t hEhanbarkgobundt conpbhentf of the e2Bvkotkgpowrd Eonmonents
corresponding to the unit of - 81 processing is repeated. If it is
det er mi n&tiei neftepfSEsampatintheipr 8¢gssRAgchsretpandhad for thke whol e
screen, the processing is conpleted. In this manner, the separating
portion geuirshcapabienopf Shadphutiry thwmedwodnpmorhedt tbe Bhuktesnt ai ned
in the foreground by se%arating t he foreground and t he background.
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.
10 The twelfth pixel from the left of frame #n+l in Fig.
24 belongs to the foreground area. The foreground component
in the shutter time/v in the foreground area of frame #n+l
is any one of F13 through Fl6, respectively.
Fig. 25 illustrates 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 calculator 104
and the motion-blur adjusting unit 106 as the area

information.

25 The mixture-ratio calculator 104 calculates the mixture
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That is, the separating portion 91 is capable of adjusting the anmount of
notion blur contained in sanpled data indicating the pixel values of the
foreground pixels. 10 The configuration of each of the area specifying unit
103, the m xture-ratio calculator 104, the foreground/ background separat or
105, and the notion-blur adjusting unit 106 is described below Fig. 27 is
a block diagramillustrating an exanple of 15 the configuration of the
area specifying unit 103. The area cifying unit 103 shown in Fig. 27
does not use a notion vector. A frane %Ennry 201 stores an input image in
units of frames. Wen the image to be processed is frane #n, the frame
menory 201 stores frane #n-2, which is the frame two 20 franes before frane
#n, framrattiolpo Mirckaich theadflr amataieed rnamehketndxed rara Hased ame #n,
frame #n+l, which is the frame one frane after frame #n, frane #n+2, which
is the fohanpiked fedmes afft er pfluaned ity oA Stratiesnany/ rbei mgedet er m ni ng
portion 202-1 reads the 25 pixel value of the pixel of frame #n+2 | ocated
at the samformgziopesipridonuapldedeshgnarddugiteld oflxftugee ranlion Owticch t he
area to which the pixel belongs is determ ned, and reads the pixel val ue
of the pibasl for epiranadfRACksERPEd sepamiae oFarks 5 - -position of the designated
plxel of frame #n fromthe frane 5 nenory 201, and cal cul ates the absol ute
val ueof the THFff@F%ﬁE@uBQ(Qé@hgfﬁén@eaﬁpﬁF%EPrvépée§Xt#ﬁ€ts the

statlonary/nDV|n% determ ning portion 202-1 determ nes
foreground component™ image consisting of only the foreground

components based on the pixel values of a plurality of

frames, the area information, and the mixture ratio o, and

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

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

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

The processing for adjusting the amount of motion blur

20 performed by the separating portion 91 is described below
with reference to the flowchart of Fig. 26. In step S11,
the area specifying unit 103 executes area specifying
processing, based on an input image, for generating area
information indicating to which of a foreground area, a

25 background area, a covered background area, or an uncovered
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whet her the absolute value of the difference between the pixel value of
frame #n+2 and the pixel value of frame #n+l 10 is greater than a preset
threshold Th. If it is determined that the difference is greater than the
threshold Th, a stationary/noving determ nation indicating "nmoving" is
supplied to an area determ ning portion 203-1. If it is determ ned that
the absol ute value of the difference between 15 the pixel value of the

pi xel of frame #n+2 and the pi xel ygLﬂf_pf the pi xel of frame #n+l is
smal l er than or equal to the threshold Th, the stationary/noving

determ ning portion 202-1 supplies a stationary/noving determ nation
indicating "stationary" to the area determ ning portion 203-1. 20 A

st at i onabpcigvricngddetreaneaichg ppaeti ol 202- 2npeadsmplye bpiloelgsval ue of a
designated pixel of frame #n in which the area to which the pixel belongs
i s deterPetedlsapd tdaderehe sppicidly ingl peooksshagpiexel gdfvefr ded own+1

| ocated at the sanme position as the designated pixel of frane #n fromthe
frame 25THengrga2ePecadyiagl cnist 493t surabdebutaey genergtedhareags

di fference between the pixel values. The stationary/noving determning
porti on 205°FM@&LePnitRedNEhBiRENTENE 24BSorraL-e ULl @& e 167 -t he difference

bet ween the pixel value of frame #n+l and the pixel value of frame #n is
greater than a5SpPRsetltnkRendrad Threrivingsugatet i? nBaYt HaRetRESabsol ut e
val ue of _the diff%égnce bet ween the pixel _values is, reat%n t han t he

t hr eshol §2FFS 80s 56 SRR MBGRRg AEEEr APAREMGh 1 oPndREAEAT ™t %i ng” i s

SUppIIedw gc%h%fa%%% %%E%ngﬂhggarea, 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. In this case, the
foreground/background separator 105 and the motion-blur
adjusting unit 106 determine based on the direction of the
motion vector whether the mixed area 1s a covered background
area or an uncovered background area. For example, if the

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

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

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

25 the mixed area based on the input image and the area
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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
pi xel of frame #n+l and the pixel value of the pixel of frane #n is
smal l er than or equal to the threshold Th, the stationary/ noving
determning portion 202-2 supplies a stationary/noving determ nation 15
indicating "stationary" to the area determ ning portion 203- 1 and the area
determ ning portion 203-2. A stationa&y novi ng determ ning portion 202-3
reads the pixel value of a designatedpixel of franme #n in which the area
to which the pixel belongs is determ ned, and reads the 20 pi xel val ue of
the pixel of frame #n-1 |located at the sane position as the designated

pi xel of ihfamma#iohr.onDeheifisapE thenpiyxt2@d, randocektchakesnghe absol ute
value of the difference between the pixel values. The stationary/ noving
det er m nipwgcpsstingn a2@2g3veet eeiibmes Thet héxtulre-absdbutel2blwuabwe of the
di fference between the pixel value of frane #n - 84 and the pixel val ue of
frame #nlP4 suppdaesr thranadcpieset miktoskokdtTh. o froi tthies det er mi ned t hat
the absolute value of the difference between the pixel values is greater
than t héorREESNSHdbFRkIZoYNEt BeRarytaBViLA§ -det er mi nation 5 indicating
"nmoving" is supplied to the area determ ning portion 203-2 and an area

det er?i ni ng pbRt $ERP2B33 3. the feregxsowpd fpackeroundt Separabesl LP2 val ue of
the difference between the pixel value of the pixel of frame #n and the

pi xel vaPéraLtehé ﬁi£8F68F°FP§n€°ﬂH9EeP§SSﬁﬁPWthFhéﬁpBF lmage

based on the area information and the mixture ratio o, and
supplies the foreground components to the motion-blur
adjusting unit 106 as the foreground component image.

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

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

20 In step S15, the separating portion 91 determines
whether the processing is finished for the whole screen. If
it is determined that the processing is not finished for the
whole screen, the process proceeds to step S14, and the
_processing for adjusting the amount of motion blur for the

25 foreground components corresponding to the unit of
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10 equal to the threshold Th, the stationary/noving determ ning portion
202-3 supplies a stationary/noving determ nation indicating "stationary"
to 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 pi xel
val ue of the pixel of frame #n-1 |located at the sane position as a

desi gnated pi xel of franme #n in which the area to which the pixel bel ongs
is determ ned, and reads the pixel value of the pixel of frame #n-2

| ocated at the sanme position as the é3|gnated pi xel of frame #n fromthe
frame 20 nenory 201, and cal cul ates the absolute value of the difference
bet ween the pi xel values. The stationary/noving determning portion 202-4
det er m npsowkethey therabsakutie 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 thrEShbtdighdetérmined detstep nelS ttiadt t tice absotes eival e - 85
of the difference between the pixel values is greater than the threshold
Th, a st&tnémbey/ fovi hhedehelm marien, khdi padbragsingviagtomplstipglied to
the area determning portion 203-3. If it is determ ned that the absolute
val ue 5 of thE?diiierezeeebet Weenseperpiied Raruonf 91 hes ptaeabbe ofrane
#n-1 and t he pi xel value of the pixel of frame #n-2 is snaller than or
equal® toagﬁésFﬁpgsﬁBPdaTﬁuth@f @PéﬁPBnh#yFnﬁQPﬁ@laéﬁeFﬁlﬁbﬁg portion 202-4

supplies_a statlgnar /nDV|n%_detern1nat|on |nd|cat|ng statlonary to 10.
the areatQEFEFAPRANGY pBFPREATSDE- §he foreground and the background

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.

10 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 1is a block diagram illustrating an example of

15 the configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 27 does not use a motion
vector. A frame memory 201 stores an input 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 before frame #n, frame #n-1, which is the frame one
frame before frame #n, frame #n, frame #n+l, which is the
frame one frame after 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



When the stationary/ noving determ nation supplied from the

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

stationary/ noving determ ning portion 202 15 2 indicates "noving", the area
determ ning portion 203-1 determ nes that the designated pixel of frame #n
bel ongs to an uncovered background area, and sets "1", which indicates

t hat the designated pixel bel ongs tq_qﬁﬁqpcovered background area, in an
uncover ed- background- area determ ni ng ag 20 associated with the

desi gnated pi xel. Wen the stationary/noving determ nation supplied from
the stationary/ noving determ ning portion 202-1 indicates "noving" or when
t he st at posdtyjiompeisng desegmanat pixedupfl fedmer ¢m tihe whtiahi dher wieavi ng
determning portion 202 25 2 indicates "stationary", the area specifying
unit 203+ip whggh ddeepdiredsbefanashdsddsitgratiagdpi rad skafisarbesn does not
bel ong to an uncovered background area, and sets "0", which indicates that
t he desi Fi&edd vgilxel odoé&sendixgél oig freman #ndacdpepégdbackdheusam@rea, in

t he uncoverediback%round-area 5 determning flag associated with the

desi gnat B@SFiLER. OITRECares i1gBRELR RiLKGLpOLt f8ATM203 1 fEGPpIthes frpae
uncovgred-backgrggnd-area etermnin flag iin which "1" or_ "0" is set as
di scussed®IREVe 200 ra 288t EAACHILAGER AGSseBFPAY LSt Vad¥en@foe204. 10 When

t he statiggnary/ novi det ernination sypplied.from e stationary/ noving
ot er m netg LESFREEnBa5YE5T] Mo segd pixey $a1uesT e

stationary/moving determining portion 202-1 determines
whether the absolute value of the difference between the
pixel value of frame #n+2 and the pixel value of frame #n+1l

10 is greater than a preset threshold Th. If it is determined
that the difference is greater than the threshold Th, a
stationary/moving determination indicating "moving" is
supplied to an area determining portion 203-1. If it is
determined that the absolute value of the difference between

15 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/moving determination indicating
"stationary" to the area determining portion 203-1.

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

25 memory 201, and calculates the absoclute value of the
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"stationary" and when the stationary/noving determ nation supplied from
the stationary/noving determning portion 202- 3 indicate "stationary", the
area determ ning portion 203-2 15 determ nes that the designated pixel of
frame #n belongs to the stationary area, and sets "1", which indicates
that the pixel belongs to the stationary area, in a stationary-area
determ ning flag associated with the designated pixel. Wen the
stationary/ novi ng determ nation supplled from 20 the stationary/ noving
determ ning portion 202-2 indicates ' %%V|ng" or when the stationary/ noving
determnation supplied fromthe stationary/ noving determ ning portion 202-
3 indicate "noving", the area determ ning portion 203-2 determ nes that

t he desi ghidtfedepicecbetivebnambetpideds vadtie25 b&hengthdibhe ryt/abivingry area,
and sets "0", which indicates - 87 that the pixel does not belong to the
st at i onadgtersdning pokrdisnakiognar gedeealidesemiterthey fthegadsodaitated with
the designated pixel. The area determ ning portion 203-2 supplies the 5

st at i onaMplaree @ fdéher dildifeg ehicgg betwalencthel pigel" galue odt framedi scussed
above to the determning-flag-storing frame menory 204. \Wen the

st at i onafy/ip @Ay thet BhreAalRdies @fpl iragnes r#@mISt BE eS A 6ﬁ&py/armvu ng
deternlnln% portion 202-2 indicates .10 "noving" and when th

statio ﬁﬁFlﬁ&rﬁépéﬁﬁlHQtloﬁfsﬁﬁpPFeéeFPSWFPﬁé §P&F|5H§r?PﬁBGPﬁ§

gggeEHIHIHQupor %%e2%1ff%r%%%gc %%weg%VE%% plxe va ?%e%eﬂgrgkgbn% portion

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

15 indicating "stationary" to the area determining portion 203-
1 and the area determining portion 203-2.

A stationary/moving determining portion 202-3 reads the
pixel value of a designated pixel of frame #n in which the
area to which the pixel belongs is determined, and reads the

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

25 value of the difference between the pixel value of frame #n
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determ nes that the designated pixel of franme #n belongs to the noving
area, and sets "1", which indicates that the 15 designated pixel belongs to
the noving area, in a noving- area determning flag associated with the
desi gnated pixel. Wen the stationary/noving determ nation supplied from
the stationary/ noving determ ning portion 202-2 indicates "stationary" or
when the stationary/ noving determ nation 20 supplied fromthe
stationary/ noving determ ning portion 202- 3 indicate "stationary", the
area determning portion 203-2 det ér f%hes that the desi gnat ed pi xel of
frame #n does not belong to the noving area, and sets "0", which indicates
that the pixel does not belong to the noving area, in the 25 novi ng-area
det er m niang fthegpasedcivateed wift irbhe d¢asilgnat edeatd® thiaxek. préetar ea
determ ning portion 203-2 supplies the noving area determining flag in
whi ch " 1thaesh@ld Fhset Ids itdiscdssedmabede thatt hbedebeoiutiengaflag- st ori ng
frame nmenory 5 204. Wen the stationary/ noving determ nation supplied from
t he st at iocdndhy/ dififegedeeebritnery pbet pdme202a3d uesdilicatesateporhag” and
when the stationary/noving determ nation supplied fromthe
st at i onatjenthireghedte T, neng tpsirnenyZ02viogs depgiraanetionat i onary", the
area determ ning portion 203-3 determ nes that the designated pixel of
f r aned #n 1IBELEAGS "o "MAVEBPEr 48 BabRgiedndcaitly, axRa Setermininghj ch
indicates that the desi%nated pi xel belongs to the covered background
portion 203-2 and an area determining portion 203-3. Tf 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

10 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 value of the pixel of frame #n-1 located 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 designated 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 absolute
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
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area, in a covered-background-area determning flag 15 associated with the
desi gnat ed pi xel. When the stationary/ noving determ nation supplied from
the stationary/ noving determ ning portion 202-3 indicates "stationary" or
when the stationary/noving determ nation supplied fromthe

stationary/ noving determ ning portion 202 20 4 indicate "noving", the area
determ ning portion 203-3 determ nes that the designated pixel of frame #n
does not belong to a covered background area, and sets "0", which

i ndi cates that the designated pixel'ﬁd%%'hot belong to a covered
background area, in the covered-background-area 25 determ ning flag
associated with the designated pixel. - 89 The area determ ning portion
203- 3 supjl ithe di€fecevieecehaekgr auadpakea dafeesi Asngrebagri rhwhi ch "1 "

or "Ol is set as discussed above to the determ ning-flag-storing frame
menory 2@4e Sh¥eshdéteMim, nengthitagnatrer/moginyade teenmngt204 t hus stores
t he uncover ed- background-area determning flag supplied fromthe area
det er m nithgiperttingn "203ihg"t he sspafliedarty- aheaadetedrmiteirmgnfingg suppli ed
fromthe area determning portion 203-2, the noving-area determning flag
10 suppl PedtiipomiORe3ar edfdéteini defigrponedothag3the abgotflige value
cover ed- background-area determning flag supplied fromthe area
det eri nPig tg\@r fildéezencs. behwegat Ehpi RAKGLT Vaguset 6Fi f§ef Pamelneikory 204
supplies _the uncovered-background-area determnin fla%, t he .
frame #n-1 and the pixel value of the pixel of Yrame #n-2 is
smaller than or equal to the threshold Th, the
stationary/moving determining portion 202-4 supplies a
stationary/moving determination indicating "stationary" to
10  the area determining portion 203-3.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
"stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
15 2 indicates "moving", the area determining portion 203-1
determines that the designated pixel of frame #n belongs to
an uncovered background area, and sets "1", which indicates
that the designated pixel belongs to an uncovered background
area, in an uncovered-background-area determining flag
20 associated with the designated pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
"moving" or when the stationary/moving determination

supplied from the stationary/moving determining portion 202-

25 2 indicates "stationary", the area specifying unit 203-1
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15 stationary-area determ ning flag,

t he covered-background-area determning flag stored thereinto a

synt hesi zer 205. The
to which of the uncovered background area,
noving area, or the covered background area each pixe

t he uncover ed- background-area determning flag, the stationary-area
determ ning flag, the noving-area (kﬂégrﬁrnng flag, and the

cover ed- backgr ound- area determi ning f

ag supplied fromthe

determ ning-flag-storing 25 frane nenory 204, and supplies the area

information to a -

the noving-area determning flag,

90 determning-flag-storing frame nmenory 206. The
det er m nidegefrmagest thatgtheatesagmetyd206xsfopés frahe #nedoksf optat i on

and

synt hesi zer 205 generates area information indicating
the stationary area, 20 the
bel ongs based on

supplied fromthe synthesizer 205, and also outputs the area information
stored thedend. ts An vraepesedf behkgproodssicrg. pertiosetd BY "t hwhacka
specifying unit 103 is described below with reference to Figs. 28 through
32. \WeniPHRécabpecthesr tbspdraiagatedt Réxpér égesunati ¥e1ppdi /g, athe

position of the inmage correspondi ng

to the 10 object on_the screen changes

i n everyUPFaNEreAsPeREARCHAY RE§R, 281 thHe MREGECEBArBIFEAAPHYIr8 eRe obj ect

10

15

20

25

the position indicated by, Yn(x

supplies the
uncovered-background-area determining flag in which "1" or
"O" is set as discussed above to a determining-flag-storing
frame memory 204.

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 determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the stationary area, and sets "1", which indicates that the
pixel belongs to the stationary area, in a stationary-area
determining flag associated with the designated pixel.

When the stationary/moving determination supplied from
the statidnary/moving determining portion 202-2 indicates
"moving" or when the stationary/moving determination
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 does not

belong to the stationary area, and sets "0", which indicates

Iocalid t Yn(x,y) in frame #n . s _positioned
Yn+1( ,y§EFﬁrwﬂaﬁBG#ﬁlP9 ffirerirsedybishuéhe dssipratednPichodel

by expanding jnh the tine direction the, 15 pjxel values of the pixels
al i gned si de- BySsihgdi AtpENIning portion 2637F

at

obt ai ned
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noving direction of the imge corresponding to the foreground object is
shown in. Fig. 22. For exanple, if the noving direction of the imge
corresponding to the foreground object is horizontal with respect to the
screen, 20 the nodel shown in Fig. 29 is a nodel obtained by expanding in
the time direction the pixel values of the pixels disposed on a line
side-by-side. In Fig. 29, the line in frane #n is equal to the line 1in
frame #n+l. 25 The foreground conponent.s corresponding to the object - 91
contained in the second pixel to the tHirteenth pixel from the left in
frame #n are contained in the sixth pixel through the seventeenth pixel
fromthe left in franme #n+l. In franme #n, the pixels belonging to the
covered Shhackpeovndeadr daear @actthdedbagenvh ther stgh ibhiaryeameh piixel s from
the left, and the pixels belonging to the uncovered background area are

t he secondet brretghnboyrtrepi dette rivioimat ié abefssokn attednw ith+ithet he pi xel s
bel onging to the covered background area are the fifteenth through 10
sevent eefelkipnréled Pismlthe left, and the pixels belonging to the
uncover ed background area are the sixth through eighth pixels fromthe
left. In the EganﬁF%asﬂ%ﬁﬂrmhnFﬁg PoDtignné@3rheSPBPE4PBURES conponent s
contained in franme #n are noved by four pixels in 15 frame #n+l, the
amoum?  of tRGIERBAY ~¢TES @et?ﬁ@lﬁ&ﬁﬂeﬁléﬂ HPr PBACDA"" ded pO't E6nseits 4 in

accordance th t unt
Q&scussed rr%ove 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
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 determining 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



of nmovenment v. A description is now given of a change in pixel values of
the pixels belonging to the mxed area in the frames 20 before and after a
designated frane. In Fig. 30, the pixels belonging to a covered background
area in frame #n in which the background is stationary and the anount of
nmovenent v in the foreground is 4 are the fifteenth through seventeenth

pi xels fromthe left. 25 Since the anmount of novenent v is 4, the fifteenth
through - 92 seventeenth franes fron&hﬂe left in the previous frame #n-1
contain only background conponents an elong to the background area. The
fifteenth through seventeenth pixels fromthe left in frame #n-2, which is
one before frane #n-1, 5 contain only background conponents and belong to
the backdxednd area. Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel fromthe left in frane
#n- 1 does not Thhaapeafdehetrheénphgepovhior 034D shepiiésethehmpirkey—from
the left in frame #n-2. Simlarly, the pixel value of the sixteenth pixel
from t hearept deferiiapnosnlagdéas whéchchHatigerf 'éth tise spitxels val ue of the
sixteenth pixel fromthe left in frane #n-2, and the pixel value of the
sevent eeAERCHERER PPOWFL ke [tBEt dehermipdngniiagrsteséadndtargamgaoryom t he
pi xel _valye of the seventeenth pixel fromthe left in frame #n-2. That is,
t he ﬁ?xe?§4rn frame #n-1 and frame #n-2

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-

10 4 indicate "stationary", the area determining portion 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/moving determination supplied from
the stationary/moving determining portion 202-3 indicates
"stationary" 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 does not
belong to a covered 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.



corresponding to the pixels belonging to the covered background area in
frame #n consi st of only background 20 conponents, and the pixel val ues

t hereof do not change. Accordingly, the absolute value of the difference
between the pixel values is alnost 0. Thus, the stationary/ noving

determ nation nade for the pixels in frame #n-1 and franme #n-2
corresponding to the pixels belonging to the m xed area 25 in frane #n by
the stationary/ noving determ ning portion - 93 202-4 is "stationary".
Since the pixels belonging to the chéV%d’background area in frame #n
contain foreground conponents, the pixel values thereof are different from
those of frame #n-1 5 consisting of only background conponents.

Accordi ngly, The astatdebaryinbrngngodeiennatBosupptieefothéhe pixels

bel onging to the mxed area in frame #n and the corresponding pixels in
frame #ncbveyethbaskatroondrpieayidegerdéneng filag por whdeh202'3 oirs "'0ffovi ng"” .
10 When the stationary/noving determnation result indicating "nmoving" is
suppl i ed ifsr smtt he stistieseadysiovengo dbeedeiteicng npoctifeng262o3ingnd when
the stationary/noving determnation result indicating "stationary" is
suppl i ed frepgnmeRe ryt d0idenar y/ novi ng determining portion 202-4, as 15

di scussed above, the area determning portion 203-3 determ nes that the
corr e3pondi ngTPExerEepRLBARITELagcover 0y bERREr BERATHr €82 FRURig. 31, in

frame #n in which the background is .
stores the uncovered-background-—-area determining flag

supplied from the area determining portion 203-1, the
stationary-area determining flag supplied from the area
determining portion 203-2, the moving-area determining flag

10 supplied from the area determining portion 203-2, and the
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 stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag stored therein to a synthesizer 205. The
synthesizer 205 generates area information indicating to
which of the uncovered background area, the stationary area,

20 the moving area, or the covered background area each pixel
belongs based on the uncovered-background-area determining
flag, the stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag supplied from the determining-flag-storing

25 frame memory 204, and supplies the area information to a
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stati

onary and the anpbunt of novenent v in the foreground is 20 4,

t he

pi xel s contained in an uncovered background area are the second through

fourt
secon

25 fr
fourt
toth
stati
#n+2
| ef t
| eft

#n+1

stationary/ ngvi ng

frame

h pixels fromthe left. Since the anount of novenent v is 4,

t he

d through fourth pixels fromthe left in the subsequent frane #n+l
contain only background conponents and belong to the background area. In

ane #n+2, which is subsequent to franme #n+l, the second - 94

t hr ough

h pixels fromthe left contain 03%¥ background conponents and bel ong

e background area. Since the obj

correspondi ng to the background is

onary, the pixel value of the second pixel fromthe 5 left in franme
does not change fromthe pixel value of the second pixel fromthe

i n deareminthg-Silag-atoy.ingt Feapiex elemoalyu@oaf. t he third pi xel

fromthe

in frame #n+2 does not change fromthe pixel value of the third pixel
fromthe | eftTha Hedaem#nihg-ahdgtheopingl fvamaememotrhe206 &ovoreh pi xel
fromthe left in franme #n+2 does not change fromthe pixel value of the
fourth pithel afreamintfe rimefttonn suppdrnedti+dm That siysthelsd zgirx0S ,i mnidr ane

and frame #n+2 corresponding to the pixels belonging to the uncovered
15 backged@ed cartea tisn theameresn iodegimatt ioh efloyedadhgredmd conponents, and

t he pi xel values thereof do not change. Accordingly, the absolute val ue of
the d?fferencBnbekdBBhe PRetphExBroQas&engi BeafapaedobyYTRIS, arfe

specifying unit 103 1is described 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

10 object on the screen changes in every frame. As shown in

Fig. 28, the image corresponding to the object located at

determ nation nmade for the pixels in frame #n+l1 and

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 direction the

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

20

moving direction of the image corresponding to the

foréground object is shown in Fig. 22. For example, if the

moving direction of the image corresponding to the

foreground object is horizontal with respect to the screen,

in the time direction the pixel values of the pixels
disposed on a line 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

the model shown in Fig. 29 is a model obtained by expanding
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20 #n+2 corresponding to the pixels belonging to the mxed area in frane
#n by the stationary/noving determning portion 202-1 is "stationary".
Since the pixels belonging to the uncovered background area in frane #n
contain foreground conponents, the pixel 25 values thereof are different
fromthose of franme #n+l - 95 consisting of only background conponents.
Accordingly, the stationary/noving determ nation nade for the pixels

bel onging to the mxed area in frane #n and the corresponding pixels in
frame #n+l by the stationary/nnving‘59&eférnining portion 202-2 is
"nmoving". Wen the stationary/noving determnation result indicating
"nmoving" is supplied fromthe stationary/noving determ ning portion 202-2,
and whencbheashatii onatyénmeetogd geékelntoathenthéstbkenthdptatingrom
"stationary" is supplied 10 fromthe stationary/ noving determ ning portion
202-1, athedisftis$edfabowvefint heeareatdéhednini hjepoeikitbnp28811 det erm nes
that the correspondi ng pixels belong to an uncovered background area. Fig.
32 il | ustharughdéher pevanteantbndikedn§réor theaheft1sn#Arande#bylt he area
specifying unit 103. Wen the determination result for the pixel in frame
#n-2 | ocated B2 fx3fee stime ihmgelpobs thokorging pixethe nicovemed#n to be
processed and for the pixel in frame #n-1 |ocated at the sane position as
t he pl xeP2FhOFPHRE #ReRsa&eathenat§verkl Pbraneh thérseesihi RAKESA result

for the Eixel in frame #n _and ) .
rom the left, and the pixels belonging to the uncovered

background area are the second through 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 from the left.

In the example shown in Fig. 29, since the foreground
components contained in frame #n are moved by four pixels in

15 frame #n+1l, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v.

A description is now given of a change in pixel values

of the pixels belonging to the mixed area in the frames
20 before and after a designated frame.

In Fig. 30, the pixels belonging to a covered
background area in frame #n in which the background is
stationary and the amount of movement v in the foreground is
4 are the fifteenth through seventeenth pixels from the left.

25 Since the amount of movement v is 4, the fifteenth through
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the pixel in frame #n-1 |located at the sane inmage position as the pixel in
frame #n is noving, the area specifying unit 103 determ nes that the pixel
in frame #n belongs to a covered background area. 25 Wen the
determ nation result for the pixel in frame #n - 96 and the pixel in frame
#n-1 located at the sane inage position as the pixel in frame #n is
stationary, and when the determnation result for the pixel in frame #n
and the pixel in frame #n+l | ocat ed_g)t the sanme i mage position as 5 the
pixel in frame #n is stationary, the 124 specifying unit 103 determ nes
that the pixel in frame #n belongs to the stationary area. Wen the
determ nation result for the pixel in frame #n and the pixel in frame #n-1
| ocat ed aeveheesamd ifmagesld@rposithicodeds tihe thiex pireivi ofusarfeathe ifo—tovi ng,
and when the determnation result for the pixel in franme #n and the pixel
i n frame centlainocatlyd baickghre usdmeompegengss andobedonghdgo gibeel in frame #n
is moving, the area specifying unit 103 determnes that the pixel in frane
#n bel ongackgromadnevieag Theafddtephsh theogehesgiveaitiesn thepdixelfsor t he
pixel in frame #n_and the pixel in frane #n+l |ocated at the sane inmage
posi ti on f&em REepiledlt i frame #n—ids WHChgLsandewhef e fr@de®irat i on
result for the pixel in frame #n+l | ocated at 20 the sane inmage position as
the p?xelCoPiaiiaRs ¥n ParEGrREndpiCoBPORs tSarE dyhes NG dCeFPst "t he sane
i mage po%i tion as

ackground 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 not change from the pixel value of the
sixteenth pixel from the left in frame #n-2, and the pixel
value of the sevehteenth pixel from the left in frame #n-1

15 does not change from the pixel value of the seventeenth
pixel from the left in frame #n-2.

That is, the pixels in frame #n-1 and frame #n-2
corresponding to the pixels belonging to the covered
background area in frame #n consist of only background

20 components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 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
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the pixel in frame #n is stationary, the area specifying unit 103"

determ nes that the pixel in frame #n belongs to an uncovered background
area. 25 Figs. 33A through 33D illustrate exanples of the area - 97

determ nation results obtained by the area specifying unit 103. In Fig.
33A, the pixels which are determned to belong to a covered background
area are indicated in white. In Fig. 33B, the pixels which are determ ned
to belong to an 5 uncovered background, _area are indicated in white. In Fig.
33C, the pixels which are det er mi ned t%0 belong to a noving area are
indicated in white. In Fig. 33D, the pixels which are determi ned to bel ong
to a stationary area are indicated in white. 10 Fig. 34 illustrates the
area i nfaoeeti as rsdecabnagyt'he mxed area, in the formof an inage,
selected fromthe area information output fromthe

det er mi ni ng- f Bagest thé nyite bsrebe henpiyg 206. the Eogerdd, babkegpoxedls whi ch
are determned to belong to the covered background area or the uncovered
15 backgeseadiar xame. n, cohsaphxébgegpuhdarempenentisnedheoribellong to the
m xed area, are indicated in white. The area information indicating the

m xed ar ¥alvgepthereoim ere ddéfermnti Agom afoseopfngreman#nminory 206
designates the m xed area and the portions having a texture surrounded by
20 the p6PPE&AS1REt REUPRAYt BREKBEOPRI REMPEREFEESUNdPEFEESINYRY  aith]
specifyin% processi,ng performed by the area specifying unit 103 is

descri bedTBEFORARY Y HOVEPEr EREETMNARAON made for the plxels

belonging to the mixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving
determining portion 202-3 is "moving",

10 When the stationary/moving determination result
indicating "moving" 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 corresponding pixels belong to a covered
background area.

In Fig. 31, in frame #n in which the background is
stationary and the amount of movement v in the foreground is

20 4, the pixels contained in an uncovered background area are
the second through fourth pixels from the left. Since the
amount of movement v is 4, the second through fourth pixels
from the'left in the subsequent frame #n+l contain only
background components and belong to the background area. 1In

25 frame #n+2, which is subsequent to frame #n+l, the second
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flowhart of Fig. 35. In step S201, the franme nmenory 201 obtains an inage
of frame #n-2 through franme #n+2 including 25 franme #n. - 98 1In step
S202, the stationary/ nmoving determ ning portion 202-3 detern nes whet her
the determnation result for the pixel in frame #n-1 and the pixel in
frame #n |located at the sanme position is stationary. If it is determ ned
that the 5 determnation result is stationary, the process proceeds to

step S203 in which the stationary/ noving determ ning portion 202-2
det er mi nes whet her the determination result for the pi xel in frame #n and
the pixel in frame #n+l |ocated at the sane position is stationary. 10 If
it is determned in step S203 that the determnation result for the pixel
in franethroagt tfherphxelxelsf faom #hel lelfacabadadan bhé ysbeekgesiumhidon i S
stationary, the process proceeds to step S204. In step S204, the area

det er m nicegpopenttisoarnd0Be2 oggt $0" the Wwaickkriomddcates .t hat the pixel to be
15 processed belongs to the stationary area, in the stationary area

det er mi ni ng ffagcastbei abgechi chrrasppnséngt bobthepbackgsedndThe area
determ ning portion 203-2 supplies the stationary-area determning flag to
t he det eEfefiegafrvagihst pined veame edndhye 2efongn@iekd pgrodesdeproceeds to
step 20 _S205. If it is determned in_step S202 that the _determ nation
resul? faéetfithdnpifxamei gnrafeegnnotaghapge pired the Plxed #3lueoldt ed at

t he same position is nmoying, or _ if _it is L
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+l, and the pixel value of the
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.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n+l and frame
20 #n+2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-1 is "stationary".
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+1l
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determned in step S203 that the determ nation result for 25 the pixel in
frame #n and the pixel in franme #n+l |ocated at - 99 the sane position is
novi ng, the pixel to be processed does not belong to a stationary area.
Accordingly, the processing of step S204 is skipped, and the process
proceeds to step S205. 5 In step S205, the stationary/ noving determ ning
portion 202-3 determ nes whether the determ nation result for the pixel
in frame #n-1 and the pixel in frane #n |ocated at the sane position is
noving. If it is determ ned that the etermination result is novi ng, the
process proceeds to step 10 S206 in which the stationary/ noving determ ning
portion 202- 2 determ nes whether the determ nation result for the pixel

i n franmec#nsansdinbe ofi vallyi batkgieut#id+tohpoakcadsat Bkeosdivglpgsithieon is
moving. If it is determned in step S206 that the determ nation 15 result
for the pite¢lionarfyr/aweitiy dedetrhnénpitien mader doe #hel pikedat ed at the sane
position is nmoving, the process proceeds to step S207. In step S207, the
area det bedomgdggpdet tbe m2@8d2agens ihl'frawki ¢ endi takces that the pixel to
be processed belongs to a noving area, in the noving-area 20 determ ning
fl ag assGOrzesPoRILRat Réxpilgelint §rbmephoddsbydtheThéazienadeymonilniong ar ea
203-2 supplies the noving-area determning flag to the

det eri nERGErMaFLI8T0PPEGLPPaRB2 e ASr yM2U4N04nd the process proceeds to

step S208. If it is determned in step S205 that the determ nation
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" 1is supplied

10 from the stationary/moving determining portion 202-1, as
discussed above, the area determining portion 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
determination result for the pixel in frame #n-2 located at
the same image position as a 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 when the determination result for the pixel in frame #n and
the pixel in frame #n-1 located at the same image position
as the pixel in frame #n is 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
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25 result for the pixel in frame #n-1 and the pixel in frame #n - 100

| ocated at the sanme position is stationary, or if it is determned in step
S206 that the determination result for the pixel in franme #n and the pixe
in frame #n+l |located at the sanme position is stationary, the pixel in
frame #n does 5 not belong to a noving area. Accordingly, the processing of
step S207 is skipped, and the process proceeds to step S208. In step S208,
the stationary/ noving determ ning portion 202-4 determ nes whether the
determ nation result for the pixel TR rame #n-2 and the pi xel in franme
#n-1 located at 10 the sane position is stationary. If it is determ ned
that the determnation result is stationary, the process proceeds to step
S209 in whdchhehpigtat iandrym8O¥hAY UetetsHNaBgthposkineninAgde3 det er m nes
whet her the determination result for the pixel in frane #n-1 and the pixe
in framep#aitbohoegat edeapikbe $amErpmsi #hohsi stabvongryl f ahtl whedet er m ned
in step S209 that the determnation result for the pixel in franme #n-1 and
t he pi xethendétampinatibocaeedlat fohetBanpipesi ihoAramentui agd the process
proceeds to step S210. In step S210, the area determ ning portion 20 203-3
sets "1"plmﬁlchn|ﬁaa@até§+ihé@cahedpaketheos@@e pragespedibePongs to a
cover ed background area, in the covered-background-area determ ning flag
assod at BHEWPLKeLhén HFRBP tB be protéssesy. TgbeaiaéaadéP@PHfﬁF-ﬁ@ portion
203-3 | i es_the covered-background-area determning flag to the 25
deternlnFEgtfiga g?B?FWQnFFaﬁﬁaﬁeﬁﬁ?ypéﬁal éﬂdffﬂ@ep#ﬁcggéongs 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 image
10 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 specifying unit 103
determines that the pixel in frame #n belongs to the moving
15 area.

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, 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 located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
uncovered background area.

25 Figs. 33A through 33D illustrate examples of the area



g

- 101 proceeds to step S211. The area determ ning portion 203-3 supplies
t he covered-background-area determning flag to the

determ ning-flag-storing frame nmenory 204, and the process proceeds to
step S211. 5 If it is determned in step S208 that the determ nation

result for the pixel in franme #n-2 and the pixel in frame #n-1 |ocated at
the sanme position is noving, or if it is determned in step S209 that the
pixel in frame #n-1 and the pixel in i{ane #n |l ocated at the sane position
is stationary, 10 the pixel in frame #1 does not bel ong 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

det er m nidegeporinadnon2@2s2ldet ebiranesdwbgt tbe thlreadepercdfyanigomniesul t for
the 15 pixel in frame #n and the pixel in frane #n+l |ocated at the sane
posi tionli0s.novnngiglf 338 ,i shdepexpilsedhichseep S2termingd ttebelong
determ nation result is noving, the process proceeds to step S212 in which
t he st at ite@nar Foivewiesy bagégmonngl g egoradeoni rexat tbt iy iitnelse wheiheFighe 20
determ nation result for the pixel in frane #n+l and the pixel in frane
#n+2 | ocat®d &het Réxsdgevpdsht poR Petesmariednary belPngt tos a@et ernined in
step S212 that the determination result for the pixel in frame #n+1l and
the p?xeMPCRVEFSRePaskgreandoazeaqaze the1sareIdd #iNdikSi-s stationary, the

rocess - 102 .
proc In Fig. 33C, the pixels which are determined to belong

to a moving area are indicated in white. 1In Fig. 33D, the
pixels which are determined to belong to a stationary area
are indicated in white.

10 Fig. 34 illustrates the area information indicating the
mixed area, in the form of an image, selected from the area
information output from the determining-flag-storing frame
memory 206. In Fig. 34, the pixels which are determined to
belong to the covered background area or the uncovered

15 Dbackground area, i.e., the pixels which are determined to
belong to the mixed area, are indicated in white. The area
information indicating the mixed area output from the
determining-flag-storing frame memory 206 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 unit 103 is described below with reference to the
flowchart of Fig. 35. 1In step S201, the frame memory 201
obtains an image of frame #n-2 through frame #n+2 including

25 frame #n.
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proceeds to step S213. In step S213, the area determining portion 203-1
sets "1", which indicates that the pixel to be processed belongs to an
uncover ed background area, in the wuncovered-background-area determ ning
flag associated with 5 the pixel to be processed. The area determ ning
portion 203-1 supplies the uncovered-background-flag determning flag to
the determning-flag-storing frane nenory 204, and the process proceeds to
step S214. If it is determned in step S211 that the determ nation 10
result for the pixel in frame #n and‘ﬁﬂ%'bixel in frame #n+l |ocated at
the sane position is stationary, or if it is determned in step S212 that
the determnation result for the pixel in frame #n+1l and the pixel in
frame #n+2 i sInn®YéPos20he phektsdidbhary/ Hovdegsdedeérhehong porafnons

uncover ed background area. Accordingly, the processing of step S213 is
ski pped, 2aad 3t Hetprodeses pheckedsthe seeprii2hdtiohnreseptSZd4, thlee area
specifying unit 103 determ nes whether the areas of all the pixels in frane
#n are gpeeilf iedfrbfiei #nr-d detethenpdxehatint icaneed#s dbcaltkdt he tR@ pi xel s
in frame #n are not yet specified, the process returns to step S202, and
t he ar easgpecpbypiifigopr dsesspngonsryrepédt éd for detiermémainithgtpitkel s. If it
is determined in step S214 that the areas of all the pixels in frame #n
are specideitegminpgipprocesylpr 6cedstipbary . sthp BEPSESENPEOEFESR150 t he
synt hesi zer 215 generates - 103 area information indicating the m xed area
based onStg® S203 in which the stationary/moving determining portion
202~-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same position is stationary.
10 If it is determined in step S203 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is stationary, the process
proceeds to step S204. 1In step S204, the area determining
portion 203-2 sets "1", which indicates that the pixel to be
15 processed belongs to the stationary area, in the stationary-
area determining flag associated with the pixel to be
processed. The area determining portion 203-2 supplies the
stationary-area determining flag to the determining-flag-
storing frame memory 204, and the process proceeds to step
20 S205.
If it is determined in step S202 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located 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
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uncover ed- background-area determning flag and the covered background- area
determning flag stored in the determni 9- flag-storing frame nenory 204,
and al so generates area 5 information indicating to which of the uncovered
background area, the stationary area, the noving area, or the covered
background area each pixel belongs, and sets the generated area
information in the determning-flag-storing frame nmenory 206. The
processing is then conpleted. 10 As d%;cussed above, the area specifying
unit 103 isi capable of generating'hré%'infornation i ndi cating to which

of the noving area, the stationary area, the uncovered background area, or
t he covered background area each of the pixels contained in a frane

bel ongs. the Fhmeapeaispeni figi mgvinigt, t0e mpayxedpploy beogiroalesGRdt doklse ar ea

i nformation corresponding to the uncovered background area and the area

i nf or mat inort beloagpdrdingtetivheryorered backgrdinglaredhso as to generate
area 20 generate area information consisting of flags indicating to which
of the nriosgssiag, ofhetspaticfdaiy skémpedr ehd rheerogess pheciesdisvi dual
pi xel s contained in the frane belong;. Wen the object corresponding to the
f oregr out® §&8PaS20éxture, the area specifying unit 103 is able to specify
the 25 noving area nore precisely. inforpation corresponding to the m xed
area,®and t heh?nater19405ThEhgr @A EHeRAFYTRGVLRTt 9¢68 PN ARPePPELSBRpUt t he

area 202-3 determines whether the determination result for the

pixel in frame #n-1 and the pixel in frame #n located at the
same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
10 5206 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 position is moving, the process proceeds
to step S207. 1In step $207, the area determining portion
203-2 sets "1", which indicates that the pixel to be
processed belongs to a moving area, in the moving-area
20 determining flag associated with the pixel to be processed.
The area determining area 203-2 supplies the moving-area
determining flag to the determining-flag-storing frame
memory 204, and the process proceeds to step S208.
If it is determined in step S205 that the determination

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



T ——

information indicating the noving area as the area information indicating
the foreground area., and outputs the area information indicating the
stationary area as the area 5 information indicating the background area.
The enbodi nent has been descri bed, assum ng that the object corresponding
to the background is stationary. However, the above-described area

speci fying processing can be applied even if the inmage corresponding to

t he background 10 area contains notion, For exanple, if the inmge
corresponding to the background area t%0uniformy noving, the area
specifying unit 103 shifts the overall image in accordance with this
notion, and perforns processing in a manner simlar to the case in which
t he obj etbcaaeteapondengamt postheohagkgeeuftohargt abirondr y+ kk the i mage

corresponding to the background area contains locally different notions,
t he areadspecmfiyedginnste03286| ebts the pexeksineatipbespesdingtrbe the
notions, and executes the above- described processing. 20 Fig. 36 is a
bl ock di ageamikelusnr ramg #noahdr tbrappkel oh fhemeokhiruiatatrdohtt he
area specifying unit 103. The area specifying unit 103 shown in Fig. 36
does not thsesamenpppotiivoacisr stAtbavkgrountei pagelgénefaene #0l1dgemerates a
background image corresponding to an input inmage, and 25 supplies the
generat eBoBabRGPBANECI AraevingaabrAar yAebpedinglyp5thpnngecessingt pfig
portion 302. The_background inmage generator 301 extracts, for exanple, an
i mage ObF@@P S207 is Skipped, and the process proceeds to step 5208.
In step S208, 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
10 the same position is stationary. If it is determined that
the determination result is stationary, the process proceeds
to step S209 in which the stationary/moving determining
portion 202-3 determines whether the determination result
for the pixel in frame #n-1 and the pixel in frame #n
15 located at the same position is moving.
If it is determined in step S209 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, the process proceeds
to step S210. 1In step S210, the area determining portion
20 203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
covered-background-area determining flag associated with the
pixel to be processed. The area determining portion 203-3

supplies the covered-background-area determining flag to the

25 determining-flag-storing frame memory 204, and the process
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correspondi ng to a background object contained in the input imge, and
generates the background inmage. 5 An exanple of a nodel obtained by
expanding in the time direction the pixel values of pixels aligned
side-by-side in the noving direction of an inage corresponding to a
foreground object is shown in Fig. 37. For exanple, if the noving
direction of the image corresponding to the 10 foreground object is
horizontal with respect to the screen t he nodel shown in Fig. 37 is a
nodel obtained by expanding the piie%0¥aTues of pixels disposed
side-by-side on a single line in the time domain. In Fig. 37, the line in
frame #n is the sane as the 15 line in frame #n-1 and the line in frane
#n+l . | npkpared#niot beeposegloundtheoapenedeseeninéapopdirngoho208k8 obj ect
contained in the sixth through seventeenth pixels fromthe left are

cont ai neduppltike skeondvehedubhckbirotiedrthheapdreksmindmgt Héabefd ithefranme
#n-1 and are also contained in 20 the tenth through twenty-first pixel from
the | ef t deiermaméng#fiihg-bBhotiagef#ame, memeryi X8Kks Badofdengroeeske covered
background area are the el eventh through thirteenth pixels fromthe left,
and the preeersdseltongitfg €81lihe uncovered 25 background area are the second

t hrough fourth pixels from- 106 the left. In frame #n, the pixels
beloﬁging to theltoberdatepathed obmdsbpRaSar e thatf FReceRtArRRRBLEAN

sevent eent h Rixels fromthe left, and, the pixels beLongin% to the
uncover egesult for the pixel in frame #n-2 and the pixel in frame

#n-1 located at the same position is moving, or if it is
determined in step S209 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 S210
is skipped, and the process proceeds to step S211.
In step S211, the stationary/moving determining portion
202-2 determines whether the determination result for the
15 pixel in frame #n and the pixel in frame #n+l located at the
same position is moving. If it is determined in step S211
that the determination result 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 the
pixel in frame #n+2 located at the same position is
stationary.
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



background area are the sixth through eighth pixels fromthe 5 left. In
frame #n+l, the pixels belonging to the covered background area are the
ni neteenth through twenty-first pixels fromthe left, and the pixels
bel onging to the uncovered background area are the tenth through twelfth
pixels fromthe left. 10 In frame #n-1, the pixels belonging to the
background area are the first pixel fromthe left, and the fourteenth
through twenty-first pixels fromthe |left. In frame #n, the pixels
bel ongi ng to the background area arg tRé Tirst through fifth pixels from
the left, and the eighteenth 15 through twenty-first pixels fromthe left.
In frame #n+l, the pixels belonging to the background area are the first
t hrough piroteefisxebsstepmsthe .l effh. sAepesanpl etak theabdekegraind ngnmage
corresponding to the exanple shown in Fig. 37 generated by the background
i mge 2pogedenak0B-30%eits shownwhicki gnd38atébe thackgheupd=xielage bensi sts
of the pixels corresponding to the background  object, and does not contain
i mage copporestssedcbeliesgendongn wocbherkdr bgchgmdunld) ecea,The the
bi nary-obj ect-i mage extracting portion 302 25 generates a binary object
i mge basadoyeredebackgesbundoarealdetepatindey thegbaskgcdangd magd and t he
i nput_image, and supglies the generated binary object inmage to a tine
change #&eec®isel30g. bri groggsissda blfbek adeaghatermindngarondgiohe
203-1 supplies the 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
10 result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is stationary, or if it is
determined in step S212 that the determination result for
the pixel in frame #n+l and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an
15 uncovered background area. Accordingly, the processing of
step S213 is skipped, and the process proceeds to step S§214.
In step S214, the area specifying unit 103 determines
whether the 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
returns to step $202, and the area specifying processing is
repeated for the remaining 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 S215. 1In step S215, the synthesizer 215 generates
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5 configuration of the binary-object-inmage extracting portion 302. A
correl ation-val ue cal cul ator 321 cal culates the correlation between the
background i mage supplied fromthe background inmage generator 301 and the
i nput inmage so as to generate a correlation value, and supplies the
generated 10 correlation value to a threshol d-val ue processor 322. The
correl ation-value cal culator 321 applies equation (4) to, for exanple, a
3x3- background i mage bl ock having X4 8 the center, as shown in Fig. 40A
and to, for exanple, a 3x3-backgroun& Fmage bl ock 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 corresponding to Y4 Correlation
val ue = @reag i2fofMiatdoX) Zn@Yicatiny) thé) miXed @r@aYbas2d ¥rO9the2 8 - 2 E
(Xi - X OE(Yi -Y) i-0i-0
uncovered-background-area determining flag and the covered-
background-area determining flag stored in the determining-
flag-storing frame memory 204, and also generates area
5 information indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated
area information in the determining-flag-storing frame
memory 206. The processing is then completed.
10 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 logical OR to
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 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 individual pixels contained in the frame belong.
When the object corresponding to the foreground has a

texture, the area specifying unit 103 is able to specify the

25 moving area more precisely.
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(5) (6) - 108 The correlation-value cal cul ator 321 supplies the
correl ation value cal cul ated for each pixel as discussed above to the
t hreshol d-val ue processor 322. Alternatively, the correl ation-val ue
calculator 321 may 5 apply equation (7) to, for exanple, a 3x3-background
i mage block having X4 at the center, as shown in Fig. 41A, and to, for
exanpl e, a 3x3-background i mage bl ock having Y4 at the center which
corresponds to the background inage_bhggkL as shown in Fig. 41B, thereby
cal cul ating the sum of absolute 10 valtues of differences corresponding to
Y4 8 Sum of absolute values of differences = 1 I(Xi - Yi)l (7) i-0O The
correl ation-val ue cal cul ator 321 supplies the sum of the absol ute val ues
of the differ&heesreal sptaifding udibsciOBeilsabble to thepthr ebhokdewal ue
processor 322 as the 15 correlation value. The threshol d-val ue processor
322 conpandsrmagipnxéhdigaltdagofthehmoyvdngekbaeiconsi whge aweeh a t hr eshol d
value thQ If the correlation value is snaller than or equal to the
t hr eshol d nfgrme tilen indisagéng fhehdopiegaoundl asesl, BhRd 20 thukgr yhebj ect
image. |f the correlation value is greater than the threshold value thQ 0
i s set i|RteRe ipifeematarie ipficekdng faey séhitdéoraryngecaTRE theesFéld- val ue
processor, 322 ) o ,
5 information indicating the background area.
The embodiment has been described, assuming that the
object corresponding to the background is stationary.
However, the above~described area specifying processing can
be applied even if the image corresponding to the background
10 area contains motion. For example, if the image
corresponding to the background area is uniformly moving,
the area specifying unit 103 shifts the overall image in
accordance with this motion, 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 contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
described processing.
20 Fig. 36 is a block diagram illustrating another example
of the configuration of the area specifying unit 103. The
area specifying unit 103 shown in Fig. 36 does not use a
motion vector. A background image generator 301 generates a

background image corresponding to an input image, and

25 supplies the generated background image to a binary-object-
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then outputs the binary object inmage whose pixel value is set to O or 1.
The t hreshol d-val ue processor 322 may store - 109 the threshold val ue thO
therein in advance, or nmay use the threshold value thO input from an
external source. Fig. 42 illustrates the binary object inmage corresponding
to the nodel of the input image shown in Fig. 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 inaggo Fig. 43 is a block diagram
illustrating the configuration of th Pi me change detector 303. Wen 10
determning the area of a pixel in frame On, a frame nmenory 341 stores a
bi nary object image of franme #n-1, franme On, and franme #n+1 supplied from
t he bi nadiypagej ecttrantigeg extrdohi Ag2por Thenb3@RgrAnndr eaadet er m ni ng
portion 342 determ nes the area of 15 each pixel of frane On based on the
bi nary obesetraitpage0df extrapts#nfdr txamplén, aandmpgenebfiret so as to
generate area information, and outputs the generated area information.

Fig. 44 cprgsspanddénghéodet brgkaaprbndsohadetbyontieiaedaindsher dnpurg
portion 342. Wen the designated pixel of the 20 binary object inmage in
frame Onifgde, RE SFPBSTEELEr F1Ri RGCHOrPBA 3@2J98et ermi nes that the
designated pixel in frame_On belongs to the background area. \Wen the
desigﬂated pi X8I e¥fmphe Bf narfode} ethtriRge PV e¥PaReity {8 theahéM@hen the

correspondin i xel .of the
P SQre tRon the p&xel values of pixels aligned side-by-side in

the moving direction of an image corresponding to a
foreground object is shown in Fig. 37. For example, if the
moving direction of the image corresponding to the

10 foreground object is horizontal with respect to the screen,
the model shown in Fig. 37 is a model obtained by expanding
the pixel values of pixels disposed side-by-side on a single
line in the time domain.

In Fig. 37, the line in frame #n is the same as the

15 1line in frame #n-1 and the line in frame #n+1l.

In frame #n, the foreground components corresponding to
the object contained in the sixth through seventeenth pixels
from the 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 frame #n-1, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
from the left, and the pixels belonging to the uncovered

25 Dbackground area are the second through fourth pixels from



25 binary object inmage in frane #n-1 is 1, and when the - 110

correspondi ng pi xel of the binary object image in frame #n+l 1is 1, the
area determ ning portion 342 determi nes that the designated pixel in frame
#n belongs to the foreground area. \Wen the designated pi xel of the binary
object image in 5 franme #n is 1, and when the correspondi ng pi xel of the
bi nary object image in frame #n-1 is 0, the area determning portion 342
determ nes that the designated pixel jn frane #n belongs to a covered
background area. Wen the desi gnated %&?eT of the binary object image in

10 frame #n is 1, and when the correspondi ng pixel of the binary object
image in frame #n+l is O, the area determning portion 342 determ nes that
t he desi ghat edfpi.xelini Grémangn#nthbepbrgist bedonghogveprethbackgeoadd area.
Fig. 45 illustrates an exanple of the determ nations 15 nade by the tine
change dbtekpopuB8O3aonat heebthar yidbpenth thegegboeeespbrdnny poxehe nodel
of the input inmage shown in Fig. 37. The tinme change detector 303

det er m négomhghet heftf{i st theongkelsfbhlpngéhg tronhehenkebered frame #n
belong to the background area since the correspondi ng pixels of the 20

bi nary obpekorpuagearnafaafethn aiwtd. tTheughneighihgeidedecfspm3pie
determ nes that the sixth through ninth pixels fromthe left belong to the
uncoﬁéreéefﬁackéﬁoﬁﬁémar§8+%vnEEetﬁéxSﬂﬁeggléﬂg%ﬁg bPn&k§ 6ByEEedi mage in

frame #n_are 1, and the correspondln% pi xel s in frame 25 #n+l are O.
background area are nineteenth through twenty-first

pixels from the left, and the pixels belonging to the
uncovered background area are the tenth through twelfth
pixels from the left.

10 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. 1In frame #n, the
pixels belonging to the background area are the first
through fifth pixels from the left, and the eighteenth

15 thrcugh twenty-first pixels from the left. In frame #n+l,
the pixels belonging to the background area are the first
through ninth pixels from the left.

An example 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 corresponding to the background
object, and does not contain image components corresponding
to the foreground object.

The binary-object-image extracting portion 302

25 generates a binary object image based on the correlation
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- ill  The tinme change detector 303 determ nes that the tenth through
thirteenth pixels fromthe left belong to the foreground area since the
pi xel s of the binary object inage in frame On are 1, the corresponding
pixels in frame #n-1 5 are 1, and the correspondi ng pixels in frame #n+l
are 1. The tinme change detector 303 determnes that the fourteenth

t hrough seventeenth pixels fromthe left belong to the covered background
area since the pixels of the binary object inmage in frane On are 1, and
the corresponding 10 pixels in fraiel®A-1 are 0. The tine change det ect or

303 determnes that the eighteenth through twenty-first pixels fromthe

| eft belong to the background area since the correspondi ng pixels of the
bi nary objegtkenmafe backgasandn imageOands thkeiapaa ipegiefyiang processi ng
perfornmed by the area specifying unit 103 is described below wth
ref erenceuppliies theoweharttetl Bigarg6oblecst éma§80io sheibackgroged | mage
generator 301 of the area specifying unit 103 extracts, for exanple, an
i mage objdecectorr 898ondi ng to a background 20 object contained in an input
i mage based on the input inage so as to generate a background inage, and
supplies the Fignedat ed babkgrbuddagnageitbusheabingr yhebj ect -i mage
extracting portion 302. In step S302, the binary-object-inmge extracting 25
portion ZORfdguEatiras of &ber BLARIryInoPirGE-hEAECe XA CItAPGt POTELDN
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
10 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 example, a
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 correlation value corresponding
to Y4.
8 .8 _
Y Xi-X)(Yi-Y
Correlation value = J = = (4)

] 2 8 __2
Yxi-x e D (¥i- V)

i=0 i=0

> |
i

9 {5)
8
v
20 Yy = =2 (6)
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i mge and the background i mage supplied fromthe background inage
generator 301 according to, for exanple, calculation discussed with
reference to Figs. 40A and 40B. In step S303, the binary-object-inage
extracting portion 302 conputes a 5 binary object inmage fromthe
correlation value and the threshold value thO by, for exanple, conparing
the correlation value with the threshold value thO In step S304, the tine
change detector 303 executes the area_determ ning processing, and the
processing is conpleted. 10 Details oP8t fie area determ ni ng processing in
step S304 are described below with reference to the flowhart of Fig. 47.
In step S321, the area determ ning portion 342 of the tine change detector
303 det er m neshahebheelabeofesanat edlcplxebri B2ir anppinestened in the
frame menory 341 is 0. If 15 it is determned that the designated pixel in
frame #ndogr@lattibe padcessajrodtecds tforsktepghSpizell asstdpc8322d it IS
determ ned that the designated pixel in frame #n belongs to the background
area, anckbolve puoodcéssithg eishoddrplétied priokeistsoirs 3@et.ermi ned i n step S321
that the designated 20 pixel in franme #n is 1, the process proceeds to
step S323. | Alteepas3P8lyt hehareardelerhdnirvglper chonuldaposf 32hemdiyne
change detector 303 determ nes whether the designated pixel in frame #n
stored | #PPRY e igandry 391 iforl exan@leheeh8x3-bRekgsrvaspdnansg pi xe
in frame #n-1is 0. If it i's 25 determ ned that the_designated pixel in
frame #nhbleck Raying1 ¥z athEheofPBREBENARAGSPPYBI 1Pan-9anglﬁm-§nijst9,r t he

rocess
P 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

10 wvalues of differences corresponding to Y,.

]
Sum of absolute values of differences = 2;[06.— YD| (7)

i=0

The correlation-value calculator 321 supplies the sum
of the absolute values of the differences calculated 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 wvalue tﬁO.
If the correlation value 1s smaller than or equal to the
threshold value th0O, 1 is set in the pixel value of the

20 binary object image. If the correlation value is greater
than the threshold value th0, 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 threshold-value processor 322 may store
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proceeds to step S324.

pi xel

in frame #n belongs to the covered background area, and the

In step S324, it is determned that the designated

processing is conpleted. 5 If it is determned in step S323 that the
designated pixel in frame #n is O, or that the correspondi ng pixel
frame #n-1 is 1, the process proceeds to step S325. In step S325,
determ ning portion 342 of the tinme change detector 303 determ nes whet her
t he designated pixel in 10 frane #n stored in the frame nenory 341
and whether the corresponding pi xel tR%f Fane #n+1 is 0. If it is
determ ned that the designated pixel in franme #n is 1 and the
corresponding pixel in frame #n+l is 0, the process proceeds to step S326.
In step %326 thirkeshsldetanmenedot kakrdint He davegrat edrpmagl uise fthame #n

bel ongs to the uncovered background area, and the processing is conpl eted.
I S theeahwildedrailnestt®y $APLtt fabmt he dasiegnatedoumiceel in franme #n is

If it
0, or

that the corresponding pixel in frame #n+l is 1, the process

in
the area

is 1,

proceeds to sFeg.S327illnstrepe20tHB82Bindhe abdacteimageni ng portion 342 of

the ti

me change detector 303 determ nes that the designated pixe

in frane

#n bel ongorresphadiogedroghe modal arfdthee ipputedsiangg isbownonpl Etigd. As

di scussed above,

on the cérel &0 dhevhlineryerhdentt hmage114 isnget imagdealdxehe
correspondi ng background i mage, to which of the foreground area, the

backgr

10

15

20

25

ouN@lyesaoft kbecpi&edg 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

the area specifying unit 103 is 25 able to specify, based

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

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 illustrates the determinations made by the area

determining portion 342. When the designated pixel of the

binary object image in frame #n is 0, the area determining

portion 342 determines that the designated pixel in frame #n

belongs to the background area.

When the designated pixel of the binary object image in

frame #n is 1, and when the corresponding pixel of the

binary object image in frame #n-1 is 1, and when the
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background area, or the uncovered background area each pixel of the
i mage bel ongs, and generates area information 5 corresponding to the
specified result. Fig. 48 is a block diagramillustrating another

ation of the area specifying unit 103. The area specifying unit

confi gur

103 shown in Fig. 48 uses a notion vector and positional information

i nput

t hereof supplied fromthe notion 10 detector 102. The same el enents as
those shown in Fig. 36 are designated with |like reference nunerals,

expl anat

ion thereof is thus onitted- AlPobust-processing portion 361

and an

generates a robust binary object inmage based on binary object inmages of N
15 franes supplied fromthe binary-object-imge extracting portion 302,

and out piog rief

Fig. 49

is a b?%ck diagramillustrating the configuration of the

onhdlwugt phik@ar ¥ foRheChinBRge obg ckhte iae chargamdetpgtior 303.

robust - pigcassithg pakhl det3chinAng2doilionn 3aengensamihe38thaanpersat es for
on of the binary object imges of N frames based on the notion
ded ighe teds ptikedalin firamentinobetlbageoftos tpel ifedebromntihereant i on
102, and outputs a notion-conpensated binary object inmage to a
switch 382. 2Bh&hethet desigoapedspikeh pérfbenkidnbyyt bejeoti bmagells
conpensator 381 is discussed belowwith reference to exanples shown
Fi gs.550 fammestn lis ils aow absonsle ftorrespamgliag rhzelt kd ahea in frame #n
is to be processed. \Wen

t he noti
vect or
det ect or

10

15

20

25

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
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
belongs to an uncovered background area.

Fig. 45 illustrates an example of the determinations
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 through fifth pixels from the left in frame #n belong
to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

The time change detector 303 determines that the sixth
through ninth pixels 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

#n+l1 are 0.

in
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bi nary object images of frane #n-1, frame #n, and franme #n+l 5 shown in
Fig. 50 are input, the notion conpensator 381 conpensates for the notion
of the binary object image of frane #n-1 and the binary object inmge of
frame On+l, as indicated by the exanple shown in Fig. 51, based on the
noti on vector supplied fromthe notion detector 102, and 10 supplies the
not i on- conpensat ed bi nary object imges to the switch 382. The switch 382
out puts the notion-conpensated binary bj ect image of the first frane to a
frame nmenory 383-1, and outputs the %Bfion-conpensated bi nary object inmage
of the 15 second frame to a frame nenory 383-2. Simlarly, the swtch 382
out puts the notion-conpensated binary object inmages of the third through
(N-1)-th frangh¢otimanehaegordese383r 3303 ougimBB38s (Mhdl , thedtentiput s t he
not i on- conpensat ed binary object inage of the N-th frane to a frane nenory
383-N. 20hTheghr shérivespth B88elssfupwmsthhelnrbti brleooopsasahed binary

obj ect image of the first frame, and outputs the stored binary object

i mge tofareergunfngrpgar eiipae38hel1rixghe pEakbenbibpryY38BIgcst emaget he

not i on- conpensat ed binarX obj ect image of the second franme, and outputs the
stored 28 5Fﬁ§?y#6bﬁéét ke £erEeRBPRALragPpEPLEoAT3SEADE #nt1ie
Simlarly, the frame nenories 383-3 through 383-(N-1) 6 stores the

mot i oh- cBkBehsatBd BbPRaF9rEBFBERILREgRIXEESt BB TEAMPI*PRLOBYR EN-1)-th

frames, and optputs (he, SLOLSS PLOGTY 5§b1 S5Le LRGSS La1eLght ! ng portions
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

10 pixels in frame #n-1 are 0.

The time change detector 303 determines that the
eighteenth through twenty-first pixels from the left belong
to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

15 The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 46. 1In step S301, the background image
generator 301 of the area specifying unit 103 extracts, for
example, an image object corresponding to a background

20 object contained in an input image based on the input image
so as to generate a background image, and supplies the
generated background image to the binary-object-image
extracting portion 302.

In step 8302, the binary-object-image extracting

25 portion 302 calculates a correlation value between the input



5 The frame nenory 383-N stores the notion-conpensated binary object inage
of the Nth frane, and outputs the stored binary object inmage to a

wei ghting portion 384-N. The weighting portion 384-1 nmultiplies the pixel
value of the notion-conpensated binary object inage of the first 10 frane
supplied fromthe frane nenory 383-1 by a predeterm ned weight w, and
supplies a weighted binary object inmage to an accunul ator 385. The

wei ghting portion 384-2 nmultiplies the_pixel value of the

not i on- conpensated binary object iﬁabizof the second frame supplied from
the 15 franme menory 383-2 by a predeterm ned wei ght w2, and supplies the
wei ghted binary object inage to the accunmul ator 385. Likew se, the

wei ght i ngmaerket aads tB84bdckhreough 38dgeNsubplawt ifpoy the piaxebgreahdes of

t he notion-conpensated 20 bi nary object inages of the third through

(N-1) - t hiagee gensuppbired 0fir apcblrdihyame  nEpwr eeampd8- 3 chiicalght i383- (N- 1)
by predeterm ned weights w3 through wW(N-1), and supplies the weighted

bi nary objisctusisedges tho relfe rancemioatFargs385L0ATRed viEIByht | Fiy poer | BH0384- N
mul tiplies the pixel value of the 25 notion-conpensated binary object inmge
of the Nthie biasmgy-obiectsippbiec@xtraniting Peaind oredLy CI8BPUNeESy aa
predeterm ned weight wWN, and supplies the_weighted_binary object inmage to
t he atcukdPayr obgsctThRmagec frgmatbe 385 rgdatagravad uehénd 8k val ues of

the 5 notion-conpensated_binary object inages multiplied by the
threshold value th0 by, for example, comparing the

correlation value with the threshold wvalue thO.
In step S304, the time change detector 303 executes the
area determining processing, and the processing is completed.
10 Details of the area determining processing in step S304
are described below with reference to the flowchart of Fig.
47. In step $321, the area determining portion 342 of the
time change detector 303 determines whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
15 it is determined that the designated pixel in frame #n is 0,
the process proceeds to step S$322. In step S$322, it is
determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
If it is determined in step S321 that the designated
20 pixel in frame #n is 1, the process proceeds to step 5323.
In step S323, the area determining portion 342 of the time
change detector 303 determines whether 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 pixel in frame #n is 1 and
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wei ghts Wl through wN of the first through N-th franmes, and conpares the
accunul ated pixel value with the predeterm ned threshold value thQ

t hereby generating the binary object inmage. 10 As di scussed above, the

r obust - processing portion 361 generates a robust binary object inmge from
N bi nary object inmages, and supplies it to the tine change detector 303.
Accordingly, the area specifying unit 103 configured as shown in Fig. 48
is able to specify the area nore precisely 15 than that shown in Fig. 36
even if noise is contained in the Tn%i? image. The area specifying
processing perfornmed by the area specifying unit 103 configured as shown
in Fig. 48 is described belowwth reference to the flowhart of Fig. 52.
20 The prbeessirmgspohdihgppS4él tihr dughest#epl1S3430ar ehei pirbaesst o t hose of
step S301 through step S303 discussed with reference to the flowhart of
Fi g. 46, pandeadsexpl anepi 6324t hedeoktep BAA4,onitt teddeltrrstiopdS384t t he

r obust - processing portion 361 25 perforns the robust processing. - 118 1In
st ep S34%het HestigmeteHandgesecdetiocfarm@0inpbefionas the thar eaveaedr mi ni ng
processing, and the processing is conpleted. Details of the processing of
step S34bagkersupdl arepe BRE tpeobEssenginpségssedprhiettrdref erence to the
flomchart of Fig, 5 47, and an explanation thereof is thus omtted. Details
of the robustIprbtessi Rgtesrirsdondi AgePoSeH2 that the designated

pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step 5325. 1In step
§325, the area determining portion 342 of the time change
detector 303 determines whether the designated pixel in

10 frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n+l is 0. If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n+l is 0, the process
proceeds to step S326. In step S326, it is determined that

15 the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

If it is determined in step S325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l1 is 1, the process praceeds to step S$327. 1In step

20 8327, the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame
#n belongs to the foreground area, and the processing is
completed.

As discussed above, the area specifying unit 103 is

25 able to specify, based on the correlation value between the



rE——

processing of step S344 in Fig. 52 are given belowwith reference to the
flowhart of Fig. 53. In step S361, the nption conpensator 381 perforns
the notion conpensation of 10 an input binary object inage based on the
notion vector and the positional information thereof supplied fromthe
notion detector 102. In step S362, one of the frame nenories 383-1

t hrough 383-N stores the correspondi ng notion-conpensated binary object

i mge supplied via the switch 382. 15 In step S363, the robust-processing
portion 361 determ nes whether N binaf§ object images are stored. if it
is determned that N binary object inmges are not stored, the process
returns to step S361, and the processing for conpensating for the notion

of the biimgnyt Qhijaeet anda®ecardr2@ sihadanec essikag oudkd Siieng tioheniickar y
object imge are repeated. If it Is determned in step S363 that N binary
obj ect iofagee doeectiroued, atrke ,proeeds droroeeds areast eheSdo4dred whi ch

wei ghting is perfornmed. In step S364, the weighting 25 portions 384-1

t hrough 384kygrouind plreat, he rc ahee sipardieng dNba ckbd oulidnamg aolgjaett pimedes by
the weights wl through wWN. I n step S365, the accunul ator 385 accunul at es
the N weifghthed ibipvdr v melgiee bie liomgige s anidn gener a$866 a ricke iadowmaltdtoor 385
generates a binary 5 object imge fromthe accunul ated i mages by, for
exanpbe, cora@smOngg nohdcadhemsrgcdd iesl deswlith a predeternined threshold

value thl, and the grocessing i s _conpl eted. _
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
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 object images of N
15 frames supplied from the binary-object-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 motion compensator 381 compensates for the motion of the
binary object images of N frames based on the motion vector
and the positional information thereof supplied from the
motion detector 102, and outputs a motion-compensated binary
object image to a switch 382.

25 The motion compensation performed by the motion
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As di scussed above, the area specifying unit 103 configured as shown in

Fig. 48 is able to generate area 10 i nformati on. based on the robust binary

obj ect i
speci fyi

bel ongs.

m Xt ur e-

mage. As is seen fromthe foregoing description, the area

ng unit 103 is able to generate area information indicating to
whi ch of the noving area, the stationary area, the uncovered background
area, or the covered background 15 area each pi xel

contained in a frane

Fig. 54 is a block diagramillustrating the configuration of the

ratio cal cul ator 104. An eStikated-nixture-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 imge, and supplies

the cal cdbapedsasbirmatedili yideaskat BellBwawithXdFereatieotdet er m ni ng

portion 403. An estimated-m xture-ratio processor 402 cal cul ates an

esti mat edxampllese shavhoihorigachspi xak By .caleuliat hog asabmeddelfoef an

uncover ed background area based on the input - 120 imge, and supplies the
cal cul at estampllienat@d tnmtkeuaeenatino framet e tkxtor ber atrboedetdr. m Wheg

portion 403. Since it can be assuned that the object correspondi ng

to the

f or egr oubdnasynobij egtwiitnhgeenstfairavel do-ly firkhen#n5 thd $hatreesntilne, the
m xture ratio a of the pixels belonging to a m xed area exhibits the
f ol | owi nghowhadacFégi.sb0cereThapuits, theempitipor eomaengagoli A8arly changes

according to the positional change in the pixels.

10

15

20

25

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
supplies the motion-compensated binary object images to the
switch 382.

The switch 382 outputs the motion-compensated binary
object image of the first frame to a frame memory 383-1, and
outputs the motion-compensated binary object image of the
second frame to a frame memory 383-2. Similarly, the switch
382 outputs the motion-compensated binary object images of
thé third through (N-1)-th frame to frame memories 383-3
through 383-(N-1l), and outputs the motion-compensated binary
object image of the N-th frame to a frame memory 383-N.

The frame memory 383-1 stores the motion-compensated
binary object image of the first frame, and outputs the
stored binary object 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

binary object image to a weighting portion 384-2.
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If the positional change in the pixels is one-dinensional, a 10 change in
the mxture ratio a can be represented linearly. |If the positional change
in the pixels is two-dinensional, a change in the mxture ratio a can be
represented on a plane. Since the period of one frane is short, it can be
assunmed that the object corresponding to the foreground is a 15 rigid body
nmoving with constant velocity. The gradient of the mxture ratio a is
inversely proportional to the amount_ of novenent v within the shutter
time of the foreground. An exanple ofltfe”ideal mixture ratio a is shown in
Fig. 20 55. The gradient 1 of the ideal mxture ratio a in the mxed area
can be represented by the reciprocal of the anmount of novenent v. As shown
in Fig. 55 thenidealy M tielrerdmd imermohbss t @3-y ateowdh 138 3~ (el packgr ound
area, the value of 0 in the 25 foreground area, and the value of greater
than O andossal tke mot2dn-thmpettsanetihbinexgdohjeat Emaghe efampke shown in
Fig. 56, the pixel value C06 of the seventh pixel fromthe left in frame
#n can behimdi thredghbyNeguathofréBeshyandi ngtphespikel stakad POBaol t he
seventh 5 pixel fromthe left in frame #n-1. C06 = BO6 v + BO6 v + FO1 v +
FO2 v = Pbdegt+ipeges *oF@eightipg2port8png 384A-9 thpoegh BB4f (¥-1).
5 The frame memory 383-N stores the motion-compensated binary
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
10 frame supplied from the frame memory 383-1 by a
predetermined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
384-2 multiplies 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) multiply the pixel 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
predetermined weights w3 through w(N-1), 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 object image of the N-th frame
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In equation (8), the pixel value Q06 is indicated by a pixel value M of
the pixel in the mxed area, while the 10 pixel value P06 is indicated by a
pi xel value B of the pixel in the background area. That is, the pixel
value Mof the pixel in the m xed area and the pixel value B of the pixel
in the background area can be represented by equations (9) and (10),
respectively. 15 M= C06 (9) B = P06 (10) In equation (8) , 2/v
corresponds to the mxture ratio a. Since the anmount of novenent v is 4,
the mixture ratio a of the seventh™pt%él “fromthe left in frame #n is 0.5.
20 As di scussed above, the pixel value Cin the designated franme #n is
considered as the pixel value in the m xed area, while the pixel value P
of franes#pplipd @toino theafeatte memoegnsisdenetyas blredpitxemivialdue in the
background area. - 122 Accordingly, equation (3) indicating the mxture
rati o a wanightewNepresesuegplhyseghat wenghtep: bCnarg oBfkectlipagehere f in
equation (11) indicates the sumof the 5 foreground conponents Ei Fi/v
cont ai nedhien ackhamdésitgmaB&88 . pi xel . The vari abl es contained in equation
(11) are two factors, i.e., the mxture ratio a and the sumf of the
f oreground coffhenaacsmuEahpladBy, aacumdertebt bthaecdingl expanesngfi hhehe tine
10 direction the pixel values in which the amount of novenent
5 motion-compensated binary object 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 th0, 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 performed 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 S341 through step $343 are similar
to those of step S301 through step S303 discussed with
reference to the flowchart of Fig. 46, and an explanation
thereof is thus omitted.

In step S344, the robust-processing portion 361

25 performs the robust processing.



is 4 and the nunber of virtual divided portions 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

m xed area, while the pixel value N of frane #n+l subsequent to franme #n
is considered as the background area. Accordingly, equation (3) indicating
the m xture ratio a can be represented by equation (12). 20 C = a N+f
(12) The enbodi nent has been describedl8assuming 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

val ue of a 251ﬂigeépl93@5?dtn@rteﬁ@oaﬂéﬂget@etagt@ﬂvyoa pérpovesenhev of -
123 the background. It is now assuned, for exanple, in Fig. 56 that the

amount okreayvekerRirmd ndhgt e celkis@dinggorames pil ipxp das s ine backatplateds 2,
and the nunber of virtual divided portions is 2. In this case, when the
obj ect coOetespsendiftngheSptrocekeibhgckdr stieg SS4Hvwregstoiflhe toghhei n Fi g.
49, the pixel value B of the pixel in the background area in equation
(10) is pepcesenngddbycasgedelivhl uefP@4ncsi noetbgudtliovebaftlpfafdg(12)
each contain two variables, the mxture ratio a cannot be determ ned
wi t hout 470 modi pi egrilhoasdoat tbeseosi neethne opatitgd.correlation in an
image is generally strong, neighboring pixels are of
Detalls of the robust processing corresponding to the
processing of step 5344 in Fig. 52 are given below with
reference to the flowchart of Fig. 53. 1In step S36l, the
motion compensator 381 performs the motion compensation of
10 an input binary object image based on the motion vector and
the positional information thereof supplied from the motion
detector 102. 1In step S362, one of the frame memories 383-1
through 383-N stores the corresponding motion-compensated
binary object image supplied via the switch 382.
15 In step $363, the robust-processing portion 361
determines whether N binary object images are stored. 1If it
is determined that N binary object images are not stored,
the process returns to step 5361, and the processing for
compensating for the motion of the binary object image and
20 the processing for storing the binary object image are
repeated.
If it is determined in step S363 that N binary object
images are stored, the process proceeds to step S364 in

which weighting is performed. 1In step S364, the weighting

25 portions 384-1 through 384-N multiply the corresponding N
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substantially the same pixel value. Since the spatial correlation of
foreground conponents is strong, the equation is transfornmed so that the
sumf of 15 the foreground conponents can be obtained fromthe previous
or subsequent frame and conputes the mixture ratio a. The pixel value M of
the seventh pixel fromthe left in frane #n of Fig. 58 can be expressed by
equation (13): 12 M = -B06 +> Fi/v V x=11 (13) 20 where 2/v of the first
termof the right side of equation £1§i corresponds to the mxture ratio a.
The second termof the right side of auation (13) is expressed by
equation (14) using a pixel value in the subsequent frame #n+1. - 124 12
10 >, Fil v =f3 YFily i=11 i=7 (14) By utilizing the spatial correlation
of the faiegryuntjectpdnenies, bgquihk ereighdys Wal dahrougd: wN.
F=F05=F06=F07=F08=F09=F10=F11=F12 (15) 5 Equation (14) can be repl aced by
equation (16)Ibysuepl §26hg eheatconm(lsdjorl1282 I¢cEuhutavVeOFthe N
weighted binary object images.
In step §366, the accumulator 385 generates a binary
5 object image from the accumulated images by, for example,
comparing the accumulated value with a predetermined
threshold value thl, and the processing is completed.

As discussed above, the area specifying unit 103

configured as shown in Fig. 48 is able to generate area
10 information based on the robust binary object image.

As 1s seen from the foregoing description, the area
specifying unit 103 is able to generate area information
indicating to which of the moving area, the stationary area,
the uncovered background area, or the covered background

15 area each pixel contained in a frame belongs.

Fig. 54 is a block diagram illustrating the
configuration of the mixture-ratio 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 ratio to a
mixture~ratio determining portion 403.

An estimated-mixture-ratio processor 402 calculates an

estimated mixture ratio for each pixel by calculating a

25 model of an uncovered background area based on the input



=11 VF V (16) As a result, (3 can be expressed by equation (17): (3=2/4
(17) 10 In general, as shown by equation (15), given that the foreground
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=aP+f r+V-1
=aP+(1-a)}JFily i=7 =aP+(1-a)-N (19) Simlarly, if equation (18) holds
true, equation (12) can be expanded-a328hown by equation (20): - 125
C=aNt+f Y+V-I =aNt(1l-a).> Fi/v =-r =aN+(1l-a)P
image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining portion 403.
Since it can be assumed that the object corresponding
to the foreground is moving with constant velocity within
5 the shutter time, the mixture ratio a of the pixels
belonging to a mixed area exhibits the following
characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.
If the positional change in the pixels is one-dimensional, a
10 change in the mixture ratio o can be represented linearly.
If the positional change in the pixels is two-dimensional, a
change in the mixture ratio o can be represented on a plane.
Since the period of one frame is short, it can be
assumed that the object corresponding to the foreground is a
15 rigid body moving with constant velocity.
The gradient of the mixture ratio o is inversely
proportional to the amount of movement v within the shutter
time of the foreground.
An example of the ideal mixture ratio o is shown in Fig.
20 55. The gradient 1 of the ideal mixture ratio o in the
mixed area can be represented by the reciprocal of the
amount of movement v.
As shown in Fig. 55, the ideal mixture ratio @ 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



(20) In equations (19) and (20), C, N, and P are known values, and the
mxed ratio a is the only variable included in equations (19) and (20).
The relationship anong C, N, 5 and P in equations (19) and (20) is shown in
Fig. 59. Cis the pixel value of the designated pixel in frame #n, for

which the m xture ratio a is to be conputed. N is the pixel

val ue of the

pi xel in frame #n+l, whose position in the spatial direction corresponds
to that of the designated 10 pi xel. P£%? t he pi xel value of the pixel in
a

frame #n-1, whose position in the sp

I direction corresponds to that

of the designated pixel. Since one variable is included in each of
equations (19) and (20), the mxture ratio a can be conputed by 15

utilizi nghthelpixeltheamtigedobrehe pixels in the three franes.

The condition

for conputing the correct mxture ratio a by solving equations (19) and
(20) is that Thetheregamphe skcowpoienfsgr eb@t ethe opikel nvxbde aC@é af e
equal. In other words, in a foreground i nage object of an inmage captured
20 when &heoseyeothdrébpéctrprm shat lefisr yn foamecdni ¢enpbrelisdi¢ehednunber
of pixels is twi ce the anount of novenent .v) which correspond to a

di rect i oRYi RAWAILERNt HE) f BreyFbnadthelpéxedbyadtei E0foREn§hanaewRnEh are

| ocat ed at the boundary_of the inmage ob%ect have a const ant
As di3cuBds8labse® threlRfkt dPefrabPPo*atLor a pi xel

Cco6

BO6 /v +B06 /v +F01/ v +F02/v
P06 /v + P06 /v +F01/ v +F02/ v

2
2/v P06+ ) Fi/v

i=1

pi xel val ue.

(8)

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 can be represented by equations (9)

and (10), respectively.
15 M = C06 (9)
B = P06 (10)

In equation (8), 2/v corresponds to the mixture

ratio o.

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

considered as the pixel value in the background area

#n is



bel ongi ng to the covered background area is conputed by 5 equation (21),
and the mxture ratio a for a pixel belonging to the uncovered background
area is conputed by equation (22) : a= (GN) / (P-N (21) a= (GP) /| (NP)
(22) 10 Fig. 60 is a block diagramillustrating the configuration of the
estimated-m xture-rati o processor 401. A frame nenory 421 stores an input
image in units of frames and supplies one frane subsequent to a frane
input as an input inage to a frame nenory 422 and a mxture-ratio 15
cal cul ator 423. The frame nenory 422 $€8rés the i nput image in units of
frames and supplies one frame subsequent to the frame supplied fromthe
frame nmenory 421 to the mxture-ratio calculator 423. 20 Wen franme #n+l
i S input Agsolrdenighpyt elgiia@eé oho (Bhe indixhibiagr dheomdaitauleatrar 1428, cahe frane
menory 421 supplies franme #n to the m xture-ratio cal culator 423, and the
frame meeDOreps22estppl bgs ebuatdotin-(1190 the m xture-ratio cal cul ator 423.
25 The m xture-ratio cal culator 423 cal cul ates equation - 127 (21) to
conpute an esCinnted Pikture ratio for the designated pildel on the basis
of the pixel value C of the designated pixel in frame #n, the pixel value
N of the pixewheka franee¢nationhésd) spadiabtessthtonusoprfeshends to that
of
5 foreground components X;Fi/v contained in the designated
pixel. The variables contained in equation (11) 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 values in which the amount of movement
is 4 and the number of virtual divided portions is 4 in an
uncovered background area is shown in Fig. 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 subsequent
to frame #n is considered as the background area.
Accordingly, equation (3) indicating the mixture ratio a can
be represented by equation (12).
20 C = o ® N+f (12)
The embodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) can be applied to the case in which the

background object is moving by using the pixel value of a

25 pixel located corresponding to the amount of movement v of



5 the designated pixel, and the pixel value P of the pixel in frame #n-1,
whose spatial position corresponds to that of the designated pixel, and
outputs the conputed estinated m xture ratio, For exanple, when the
background is stationary, the m xture-ratio cal culator 423 conputes an 10
estimated m xture ratio for the designated pixel on the basis of the pixel
value C of the designated pixel in frane #n, the pixel value N of the pixel
in frame #n+l, whose position in the_ frame is the sane as that of the
designated pixel, and the pixel valué?P of the pi xel in frame #n-1, 15
whose position in the frame is the same as that of the designated pixel
and outputs the conputed estimated m xture ratio. In this manner, the

est i mat edhel Bawkegroanido pracessaow 4@bkumedgblfert exealpdel, atie Fhie.es$tki mat ed
m xture ratio based 20 on the input imge, and supplies it to the

m xt ur e- rtdilaito theebgomingi o poremen t403 o fSithee obljecés tiomatesgomditngr eor at i 0
processor 402 is simlar to the estinmated-m xture-rati o processor 401
except fihve blackiaoungchadss £he aosh itinet edmiviext ofe vigtive lpddyésiesr 401 25
cal cul ates equation 821) to conpute the estimated m xture - 128 ratio for
t he desi RATEOTSI %€l 2whedBadhike casei niwhed- thiex ol €Citacios IEEPeassdd 402

cal cul ates equation (22) to conpute the estimated mxture ratio for the
desi ghat &@ piRebackgrauags ilst moN inFeitoofthies ré@intt 8. F39ri ¢9.6Ehel | ustrat es

an exanpl e of an_estimated m xture )
pixel value B of the pixel in the background area in

equation (10) is represented by a pixel value P04.
Since equations (11) and (12) each contain two
variables, the mixture ratio o cannot be determined without
10 modifying the equations. Since the spatial correlation in
an image is generally 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 f of
15 the foreground components can be obtained from the previous
or subsequent frame and computes 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):

12
Mec=-2.B06 + Filv (13)
V i=11
20 where 2/v of the first term of the right side of

equation (13) corresponds to the mixture ratio a. The
second term of the right side of equation (13) is expressed
by equation (14) using a pixel value in the subsequent frame

#n+1:



ratio calculated by the estimated-m xture-rati o processor 401. The
estimated m xture ratio shown in Fig. 61 indicates the result of a case,
with respect to one line, in which the anount of novenment v in the
foreground corresponding to an 10 object noving at a constant speed is 11.
Fig. 55 shows that the estimted m xture ratio changes substantially
linearly in the mxed area. Referring back to Fig. 54, the mxture-ratio
determ ning portion 403 sets the mxture ratio a based on 15 the area
information supplied fromthe area §pé8ﬁfying unit 103 and indicating to
whi ch of the foreground area, the background area, the covered background
area, or the uncovered background area the pixel for which the m xture
ratio a Lﬁ;}p,be ?ﬁgﬁgkated bel ongs. The m xture-ratio 2 et er mi ni ng
portion 423FFd¥=dhedaf¥Vre ratio a to 0 when the corr ndi ng pi xel

bel ongs {3t he fore§Tdobund area, and sets the mixture ratio a to 1 when the
correspondi ng pi xel belongs to the background area. \Wen the correspondi ng
pi xel bel ongsByouthéigbdugrtdebapagialindoaredatibe ofxtbeefo28gratnd

determ ning portion 403 sets the estimated m xture - 129 ratio supplied

f r om t he cespomengd- meguatédonat(ild) phoddssdrue40l as the mixture ratio (X
Wien the corrgs dLRg._pLxe b n t h ncovered b ground area, the
nixture-ratiOE"EQFEFﬁ?ﬁ?gz—%gﬁf?é%—ggg—géiEP%%e estinatéggﬁixture ratio 5

supplied fromthe estinmated-m xture-ratio processor 402 as the mxture
rati o°a. The BRReGierraifdb aebePfi APRY2EBEt PYnequation (16) by

utilizing equation (15):

12 2
Y. Fily=%-+F
i=T1 y
4 (16)
= 5 F
As a result, P can be expressed by equation (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
mixed area on the basis of the internal ratio relationship:
f=1-a (18)
15 If equation (18) holds true, equation (11) can be

expanded as shown by equation (19):

C=a-P+f
V-1

=O!-P+(1-a)-_;Fi/v
=@-P+(I-a)-N (19)

Similarly, if equation (18) holds true, equation (12)

can be expanded as shown by equation (20):
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403 outputs the mxture rati o a which has been set based on the area
information. Fig. 62 is a block diagramillustrating another 10
configuration of the m xture-ratio calculator 104. A selector 441 supplies
a pixel belonging to the covered background area and the correspondi ng

pi xels in the previous franme and the subsequent frame to an

estimated-m xture-ratio processor 442 based on the area information
supplied from 15 the area specifying unit 103. The sel ector 441 supplies a
pi xel belonging to the uncovered baEkb?éuﬁd area and the correspondi ng

pi xels in the previous frame and the subsequent frame to an

estimated-m xture-rati o processor 443 based on the area information
supplied@ eom &t NE ea 20 specifying unit 103. The estimated-m xture-ratio
processor 442 calculates,ﬂggpation (21) based on the pixel values input

fromthe selecger 1 j0opoppute an estimated m xture ratio for the
designated'bfieh€+“ﬁ?bﬂbqf7_ 4 Vto the covered background 25 area, and

supplies the conputed estimated nixture ratio to a - 130 el ector 444. The
estinated-n#ilug£+dﬂb+ﬂﬁp}bcessor 443 cal cul ates equati 80X 22) based on

t he pixel values input fromthe selector 441 to conpute an estinmated

m xture ratio_for the 5 designated pixel, which belongs to the uncovered
background atRa®dBAEicEPplTes ahe ¢APLul Qi el e3RAnBt 8BS NKRPYRe ratio to

t he sel ector 444. ) ) , ) ,
values, and the mixed ratio o is the only variable included

in equations (19) and (20). The relationship 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 computed. 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 mixture ratio 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 eqguations (19) and (20) is that the foreground
components related to the mixed area are equal. In other
words, in a foreground image object of an image captured

20 when a foreground object is stationary, consecutive pixels
(the number of pixels is twice the amount of movement v)

which correspond to a direction in which the foreground
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Based on the area information supplied fromthe area specifying unit 103,
the selector 444 sets the mxture ratio 10 a to O when the designated

pi xel belongs to the foreground area, and sets the m xture ratio a to 1
when the designated pixel belongs to the background area. \Wen the
designated pixel belongs to the covered background area, the selector 444
selects the estinmated m xture ratio supplied fromthe 15

estimated-m xture-rati o processor 442 and sets it as the mxture ratio a.
When t he desi gnated pixel belongs t© th€ ~uncovered background area, the
sel ector 444 selects the estimated m xture ratio supplied fromthe
estimated-m xture- ratio processor 443 and sets it as the mxture ratio a.
The 20 sebgeter i44fot/hag adtipwhschharel 1beaeerakico thewbbahdaay be&en

sel ected and set based on the area information. As di scussed above, the

m Xt ur e- taki amaakcubaker hB4e aonbhgurad pixehowalue.Fig. 62 is able to
calculate the mxture ratio a for each pixel contained in the inmge, and
25 out puts thescdalsohated abaterethatmbdxture #8flio Thefoal gupakedn
processing for the mxture ratio CC perfornmed by the mxture-ratio

cal cul at belodgiogntiogtihed cavershohackgrbugd B4eps idi sonmpysgddbdlyow wit h
reference to the flowhart of Fig. 63. In step S401, the m xture-ratio 5
cal cU} at eauagdopbt(3ilhs andathef simguirenrstippl Pedofr enPikel Redangpaei fying
unit 103. In step S402, the estimated- m xture-ratio processor 401 executes
the procé&8sith§ P6F°V§§€ﬂnﬁﬁpﬁ§rpﬁédnﬁ%?érésrﬁpméuﬁﬁdugﬂnﬁq&aﬁéﬁél
correspoqgg?g

a=(C-N) / (P~-N) (21)
o= (C-P) / (N-P) (22)
10 Fig. 60 is a block diagram illustrating the

configuration of the estimated-mixture-ratio processor 401.
A frame memory 421 stores an input image in units of frames
and supplies one frame subsequent to a frame 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 frame subsequent to the frame
supplied from the frame memory 421 to the mixture-ratio
calculator 423,

20 When frame #n+l is input as the input image to the
mixture-ratio calculator 423, the frame memory 421 supplies
frame #n to the mixture-ratio calculator 423, and the frame
memory 422 supplies frame #n-1 to the mixture-ratio
calculator 423.

25 The mixture-ratio calculator 423 calculates equation



to a covered background area, and supplies the estimated 10 m xture ratio
to the mxture-ratio determning portion 403. Details of the processing
for estimating the m xture ratio are discussed belowwith reference to the
flowmchart of Fig. 64. In step S403, the estimted-m xture-rati o processor
402 15 executes the processing for estimating the mxture ratio by using a
nodel corresponding to an uncovered background area, and supplies the
estimated m xture ratio to the mxture-_ratio determ ning portion 403. In
step S404, the mixture-ratio calculét§?7104 20 det erm nes whet her the

m xture ratios have been estimated for the whole franme. If it is

determ ned that the m xture ratios have not yet been estinmated for the
whol e frame,) tthe coppatesanr ektimatied stiapusé02atdnd folre threocessi ng for
estimating the mxture ratio for the subsequent pixel is 25 executed. -
132 |If idesignddétedr pined on $hepb3404 biattheheixiext wad uer & iods thave been
estimated for the whole frame, the process proceeds to step S405. In step
S405, t hdemilgrnatedr atikel dot dramei fig ,pdhei pix403 vedus Nhefnithteurd xedt i o
based on the 5 area information supplied fromthe area specifying unit 103
and i ndi &&t ifAgmeo #itile h WP seherhdiedr esd tarsa corkesppagisgrtourtttadr o4, t he
covered background area, or the uncovered_background area the pixel for

whi ch’ t héhei deglenpiedoPd xed (t 8nHe thal pdrgleyaBdicoRgef the milxedrdiratio

frame #n-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

10 estimated mixture ratio for the designated pixel on the
basis of the pixel 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 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 outputs the computed estimated mixture
ratio.

In this manner, the estimated-mixture-ratio processor
401 is able to calculate the estimated mixture ratio based

20 on the input image, and supplies it to the mixture-ratio
determining portion 403.

Since the estimated-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



10 determ ning portion 403 sets the mxture ratio a to 0 when the
correspondi ng pi xel belongs to the foreground area, and sets the m xture
ratio a to 1 when the correspondi ng pi xel belongs to the background area.
When the correspondi ng pi xel belongs to the covered background area, the

m xture- 15 ratio determning portion 403 sets the estimated m xture ratio
supplied fromthe estinmated-m xture-rati o processor 401 as the m xture
ratio a. Wen the correspondi ng pi xel . _belongs to the uncovered background
area, the mxture-ratio deternining péftion 403 sets the estimated nixture
ratio 20 supplied fromthe estimated-m xture-ratio processor 402 as the

m xture ratio a. The processing is then conpleted. .As discussed above, the
m xt ur e- ratie gakcihat desi@hated phlkelt ahedlaul ahe the imated—e ratio a,
which indicates a feature quantity corresponding to each pixel, based on

t he 25 amaatiutfeoramtiioopradeplsioad 40omatllbalares so@eaitiyinng2@ni ttol03, - 133
and the input inmge. The processing for calculating the mxture ratio a

per f or med:omputtlee thiex taisrtenragtedo nciad ot eatort D 4f @onfhgudesigsatstiopmxeh, Fi g.
62 is simlar to that discussed with reference 5 to the flowhart of Fig.
63, and andesgirdpatioon thieareedf liss omi¥sedomi tted. A description is now
given, with reference to the flowhart of Fig. 64, of the m xture-ratio
estimating pFé@eséﬂnél%ysﬁ§ﬁhgsaaﬁogéﬁmﬁietﬁg aBvepEdmpaeRgMéERET8rea 10

in step S402 of Fig. 63. _ ,
ratio calculated by the estimated-mixture-ratilio processor

401. The estimated mixture ratio shown in 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
10 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 mixture-ratio
determining portion 403 sets the mixture 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 mixture
ratio o is to be calculated belongs. The mixture-ratio
20 determining portion 403 sets the mixture ratio @ to 0 when
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio o to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered background area, the mixture-

25 ratio determining portion 403 sets the estimated mixture



In step S421, the m xture-ratio cal culator 423 obtains the pixel value C
of the designated pixel in frame #n from the franme nenory 421. In step
S422, the mxture-ratio cal cul ator 423 obtains 15 the pixel value P of the
pi xel in frame #n-1, which corresponds to the designated pixel, fromthe
frame menory 422. In step S423, the m xture-ratio cal cul ator 423 obtains
the pixel value N of the pixel in frame #n+1l, which 20 corresponds to the
designated pixel included in the input _imge. In step S424, the
m xture-ratio cal cul ator 423 calculaté? an 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 - 134 pi xel
in frame rénrtlo. suppstied $43m thlee elitimdtedratik@ueca-ealtabophréd2assdet er m nes
whet her the processing for calculating estimated mxture ratios in the
entire frAdteaiss thenplietade rhtib s 5 Wiehe rtien e rirreat onlde nor pdesdi ng f or
calculating estimated mxture ratios in the entire frame is not conpleted,
the probedonget tonshieo usicepy e3421 bacdoropast sreke [heceggitngef-gatio
calculating an estimated mixture ratio for the subsequent pixel. 10 If it
i s det er gietedminiggeposddont HAB tsled sprtbeessitigatiegr mdxltawleatriakg cest i mat ed
m xture ratios in the entire frame
5 supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio . The mixture-ratio determining portion
403 outputs the mixture ratio o which has been set based on
the area information.
Fig. 62 is a block diagram illustrating another
10 configuration of the mixture-ratio calculator 104. A
selector 441 supplies a pixel belonging to the covered
background area and the corresponding pixels in the previous
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
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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 15 ratio based on the input imge. The m xture-ratio estinmating
processing by using a nodel corresponding to the uncovered background area
in step S403 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
t he uncovered background area, and an explanation thereof is thus omtted.
Since the estimated-nixture-ratio proéd8sor 442 and the

estimated-m xture-rati o processor 443 shown in Fig. 62 performthe
processing simlar to that showmn by the 25 flowhart of Fig. 64 to

cal cul at g egslcipat @d am xture ratios, - 135 descriptions thereof are
omtted. The enbodi nent has been described, assuming that the object
correspondi ngThe tbeihackgrauRdurs-shalbopadyessbioweysrcalbelates

above-descri bed processing for calculating the 5 mxture-ratio a can be
appl i ed evemtibnt he2)mbgeedconr ehpopdixed talulkee hHagkgr duwod ahea cont ai ns
notion. For exanple, if the image corresponding to the background area is
uni f or M petevritog, 4thie testtompice- Anx eEte mageido mixdcess gatig0 Loghithes t he
overall image in accordance with the 10 background notion, and perforns
pr oceSsi dgsilgna tednméxelsi whiigh belohgscase tihe whicolvetried blsjckeround
corresponding to the background is stationary. If the inage corresponding
to 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
10 o to 0 when the designated pixel belongs to the foreground
area, and sets the mixture ratio @ to 1 when the designated
pixel belongs to the background area. When the designated
pixel belongs to the covered background area, the selector
444 selects the estimated mixture ratio supplied from the
15 estimated-mixture-ratio processor 442 and sets it as the
mixture ratio a. When the designated pixel belongs to the
uncovered background area, the selector 444 selects the
estimated mixture ratio supplied from the estimated-mixture-
ratio processor 443 and sets it as the mixture ratio a. The
20 selector 444 then outputs the mixture ratio o 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 o for each pixel contained in the image, and

25 outputs the calculated mixture ratio a.



background area contains locally different background notions, the
estimated-m xture-rati o processor 401 selects 15 the pixels correspondi ng
to the background notions as the pixels belonging to the m xed area, and
execut es the above- described processing. The m xture-ratio cal cul ator 104
may execute the mxture-ratio estimating processing on all the pixels only
20 by using a nodel corresponding to the covered background area, and
outputs the calculated estinmated m xture ratio as the mxture ratio a. In
this case, the nixture ratio a indich®s"the ratio of the background
conponents for the pixels belonging to the covered background area, and 25
indicates the ratio of the foreground conponents for the - 136 pixels

bel ongi ng to the tuTOVEsEloMasketosth@rsr tiONGEkthhg theipixel s

bel onging to the uncovered background area, the absolute value of the

di f f er enperiermednbyyhehecalirubhatedanist satcuabicor( X0andohfigudetieani ned,
and the 5 cal cul ated absolute value is set as the mxture ratio a. Then,

t he sepasabiwngipoFtpon59lissdabtesteddbeépwi néthheefpirrtioeetpathe (X
indicating the ratio of the background conponents for the pixels bel onging
to the uficovehedt bacKyoouhd.ar &n. stepSEAPLar the mhatpirrtyasieatio
processor 104 may execute the mxture-ratio estinmating processing on al

t he pl xeFglcuhrf§obyl04i phtainedareaoinéspoating svpphéednésoar the

background area, and outputs the cal cul ated esti mated .
area specifying unit 103. 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 S403, the estimated-mixture-ratio processor 402
15 executes the processing for estimating the mixture ratio by
using a model corresponding to an uncovered background area,
and supplies the estimated mixture ratio to the mixture-
ratio determining 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.



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 will now be described. As described
above, since equations (11) and (12) each contain two variables, the

m xture ratio (X cannot be 20 determ ned w thout nodifying the equations.
The m xture ratio (x linearly changes in accordance wwth a change in the
position of the pixels because the obhgg corresponding to the foreground
is moving with constant velocity. By dfiTizing this characteristic, an
equation in 25 which the mxture ratio (X and the sumf of the foreground -
137 conponents are approxinmated in the spatial direction can hold true.
By utilizing afpiturabitiytetmsetd of theppSxel thatueseomikherpi xels

bel onging to the m xed area and the pixel values of the pixels bel onging
to the baekdgosuhdvar baenbeshémagedt ifomr ithewlwhohet ficamext twhe pabicesa and t he
sumf of the foreground conponents are approximated is solved. Wen a
change i Prokeedisxtar 6teat 8408 .i s Iappiteri f0Ed abe aigtmpzeghetione, the

m xture ratio a can be expressed by equation (23). 10 a = il+p (23) In
equat|ondFZSlePlPﬁdP@éﬁé§ntHQ35§§$§a¢hﬁn@é%tWN§nraﬁh@ b@§ﬁﬁ|@ﬁ &het he
designated pixel is set to O, 1 designates the gradient of the straight

l'i ne %f Pﬁéanﬂ%ﬁﬁF@atﬂépl6u§P1&ﬁ§ hraBsithRapesat RRCCAL Y Bgpndt LR

straight line _, . .
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 mixture
ratio a is to be calculated belongs. The mixture-ratio

10 determining portion 403 sets the mixture ratio a to 0 when
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio ® to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered background area, the mixture-

15 ratio determining portion 403 sets the estimated mixture
ratio supplied from the estimated-mixture-ratio processor
401 as the mixture ratio a. When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio

20 supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio a. 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

25 area information supplied from the area specifying unit 103,



15 of the mxture ratio a and also indicates the m xture ratio a of the
desi gnated pixel. In equation (23), the index i is known, and the gradi ent
1 and the intercept p are unknown. The relationship anong the index i, the
gradient 1, and the intercept pis shown in Fig. 65. In Fig. 65, the white
20 dot indicates the designated pixel, and the black dots indicate

nei ghboring pixels. By approxinmating the mxture ratio a as equation (23),
a plurality of different m xture ratig a for a plurality of pixels can be
expressed by two variables. In the ex ﬁﬁlé 25 shown in Fig. 65, the five

m xture ratios for five pixels - 138 are expressed by the two vari abl es,
i.e., the gradient 1 and the intercept p. Wen the mxture ratio a is

appr oxi maheddthe theupl amegeshown in Fig. 66, equation (23) is expanded into
the plane 5 by considering the novenment v corresponding to the two
directions, iTeke,ptbeehoingofival calcerstionganidetthiextverei catiodrecti on of
the inmage, and the mxture ratio a can be expressed by equation (24). In
Fig. 66, peméomhietiebilotthe| ndktaresreéodesignansdrpiiRél condiguredmekq+p (24)
In equation (24), j is the index in the horizontal direction, and k is the
i ndex i nshR¥nvént Fégl- @r éet sdmivhsntot kBajodisruAsel whshdasitgnanee pi xel
is 0. In equation (24), mdesignates the horizontal gradient of the

m xt e &t it8eafisvrharkeopl 848 8Rd gnPnancaKedapRELPBr thedrodr 48i ent of

t he _
thus omitted.

A description is now given, with reference to the
flowchart of Fig. 64, of the mixture-ratio estimating
proqessing by using a model of the covered background area

10 in step S402 of Fig. 63.

In step S421, the mixture-ratio calculator 423 obtains
the pixel value C of the designated pixel in frame #n from
the frame memory 421.

In step S422, the mixture-ratio calculator 423 obtains

15 the pixel value P of the pixel in frame #n-1, which
corresponds to the designated pixel, from the frame memory
422,

In step S423, 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 S424, the mixture-ratio calculator 423
calculates an 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



m xture ratio a in the plane. In equation (24), p indicates the intercept
of the mxture ratio a in the plane. For exanple, in franme #n shown in Fig.

56, equations

(25) through (27) can hold true for CO5 through C07, 20
respectively. Q05 = a05B05/v+f05 (25) C06 = a06B06/v+f06 (26) CO7 =

a07B07/v+f 07 (27) Assum ng that the foreground conponents positioned in 25
close proximty with each other are equal to each other, - 139 i.e.,

FOL t hrough FO3 are equal, equation (28) holds true by replacing FOL

t hat

through FO3 by fc. f (x) = (1-(x (x)')1 ¢ (28) In equation (28), x indicates
the position in the 5 spatial direction. Wien a(x) is replaced by equation

(24),

equation (28) can be expressed by equation (29). f (x) = (1-

(j mkg+pplixed xnj feanmleckn*k .(-qFc) + ((1-p) Fc) 10 = js+kt+u (29) In
equation (29), (-nFc), (-qFc), and (1-p) Fc are replaced, as expressed by
equations (30Inthtepgh4f32) thermspectevebyioscalenFetdB80%2315 t = -qFc (31)
u=(1-p)Fc (32

10

15

20

25

determines whether the processing for calculating estimated
mixture ratios in the entire frame is completed. If it is
determined that the processing for calculating estimated
mixture ratios in the entire frame is not completed, the
process returns to step S421 and repeats the processing for
calculating an estimated mixture ratio for the subsequent
pixel.

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 mixture
ratio based on the input image.

The mixture-ratio estimating processing by using a
model corresponding to the uncovered background area in step
S403 of Fig. 63 is similar to the processing indicated by
the flowchart of Fig. 64 by using the equations
corresponding to a model of the uncovered background area,
and an explanation thereof is thus omitted.

Since the estimated-mixture-ratio processor 442 and the
estimated-mixture-ratio processor 443 shown in Fig. 62
perform the processing similar to that shown by the

flowchart of Fig. 64 to calculate estimated mixture ratios,



In equation (29), j is the index in the horizontal direction, and k is the
index in the vertical direction when the position of the designated pi xel
is 0. 20 As discussed above, since it can be assuned that the object
corresponding 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 the sumof the foreground

conponents 25 can be approxi mated by eguation (29). - 140 Wien the m xture
ratio a is approximated by a straight13Pife, the sumof the foreground
conponents can be expressed by equation (33). f (x) =is+u (33) 5 By

replacing the mxture ratio a and the sumof the foreground conponents in
equat i on dek) 1Py ivBisn@nedealfi are omd4)keand (29), the pixel value Mcan be

expressed by equation (34). M= (jmkg+p) B+ s+kt+u 10 =
] BmtkBg+Bp+j stk +emb34iméntenaat been( 34y crinkapwasyamniall esaar ehsi x
factors, such as the horizontal gradient mof the mxture ratio ain the
pl ane, t hdjeertt icoalregpadidenty qoofthiehdarikgrouadr disi ¢ ta tillonatrdye pl ane, and
the intercepts of the mxture ratio a in the 15 plane, p, s, t, and u.
Accor di ndlomwevielhre sibee b oivie -cdlesse ipedx pricog swiltnly tflee cddsivdreatiad Fibeel , the
pi xel value Mor the pixel value Bis .
5 mixture-ratio & can be applied even if the image
corresponding to the background area contains motion. For
example, i1f the image corresponding to the background area
is uniformly moving, the estimated-mixture-ratio processor
401 shifts the overall image in accordance with the
10 background motion, and performs processing in a manner
similar to the case in which the object corresponding to the
background is stationary. If the image corresponding to the
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-
described processing.
The mixture-ratio calculator 104 may execute the
mixture-ratio estimating processing on all the pixels only
20 Dby using a model corresponding to the covered background
area, and outputs the calculated estimated mixture ratio as
the mixture ratio @. 1In this case, the mixture ratio a
indicates the ratio of the background components for the

pixels belonging to the covered background area, and

25 indicates the ratio of the foreground components for the



set in the normal equation shown by equation (34). Then, a plurality of
normal equations in which the pixel value Mor 20 the pixel value B is set
are solved by the nmethod of |east squares, thereby calculating the m xture
ratio a. For exanple, the horizontal index j of the designated pixel is
set to 0, and the vertical index k is set to 0. Then, the pixel value Mor
the pixel value Bis set in the 25 nornmal equation shown by equation (34)
for 3x3 pixels - 141 located close to_the designated pixel, thereby
obtai ning equations (35) through (23}36B=i,-1m(-1) B-1,-1'g+B-1,-1' p+(-1)
s+(-1) t+u (35 5 Mo, _1=(0) Bo, _1mt(-1) Bo, _1q9+Bo, 1p+(0) s+(-1) t+u (36)
M1, -1=(+1) 'B+1,-1"m+(-1) B+1,-1'g+B+1,-1" p+(+1) s+(-1) t+u 10 (37)
M1, 0=(- pixeBs| betbn8ingBtb, efeBuhcopeted) batkGrotind 6€38x .M, 0=(0)
Bo, om+(0) Bo, oq+Bo, op+(0) s+ (0) t+u (39) Ml ,o=(+1) B+1, o' m(0)
B+l , o' g+Bohrerpthglrhe+pQkelsubedbhgihg Mblihé=(ntpveBed, binkGtbdbund
B 1,+1'q+B-1,+1" p+(-1) s+(+1) t+u (41) M, +1=(0) Bo, +1m+(+1)
Bo, +1q+Bered’, pthe) abspttfret ¥alue of the difference between the
calculated mixture ratio @ and 1 is determined, and the
5 calculated absolute value is set as the mixture ratio «.
Then, the separating portion 91 is able to determine the
mixture ratio o indicating the ratio of the background
components for the pixels belonging to the uncovered
background area.
10 Similarly, the mixture-ratio processor 104 may execute
the mixture-ratio estimating processing on all the pixels
only by using a model corresponding to the uncovered
background area, and outputs the calculated estimated
mixture ratio as the mixture ratio a.
15 The mixture-ratio calculator 104 for calculating the
mixture ratio o using the characteristic that the mixture
ratio @ changes linearly will now be described.
As described above, since equations (11) and (12) each
contain two variables, the mixture ratio d cannot be
20 determined without modifying the equations.
The mixture ratio o linearly changes in accordance with
a change in the position of the pixels because the object
corresponding to the foreground is moving with constant

velocity. By utilizing this characteristic, an equation in

25 which the mixture ratio a and the sum f of the foreground



(42) M1, +1=(+1) B+1, +1m+(+l) B+1, +1q+B+1, +1' P+(+1) s+(+1) t+u 20 (43)
Since the horizontal index j of the designated pixel is 0, and the
vertical index k of the designated pixel is O, the mxture ratio a of the
desi gnated pixel is equal to the value when j is O and k is O in equation
(24), i.e., the 25 mxture ratio a is equal to the intercept p in equation
(24). - 142 Accordingly, based on nine equations (35) through (43), the
horizontal gradient m the vertical gradient g, and the intercepts p, s,
t, and u are calculated by the nethddidf “least squares, and the intercept
p is output as the mxture 5 ratio a. A specific process for calculating
the mxture ratio a by applying the method of |east squares is as follows.
When t he comgbexein tan @ rieh @ piprdex ma tade 1ex phessed th 1a disisglien rd@ex x, the
relationship anong the index i, the 10 index k, and the index x can be
expressedholyl eouat.i oBy( 44)1ixing(jatbludalikyl pf( 44)tsl bofi sheOWiassumed t hat
the horizontal gradient m the vertical gradient g, and the intercepts p,
s, t, andajusse ofexjueepsiea lisy bedonalings twl thel miw2d weanvdndantheWb, 15
respectively, and jB, kB, B, j, k and 1 are expressed by a0, al, a2, a3,
a4, and ®5xedeypdateisvelfy thenpdardisdbedtingingf tot Haeebagkgemounequaateiagns ( 35)
through g43) can be nodified
he equation in which the mixture ratio o and the sum f of
the foreground components are approximated is solved.
When a change in the mixture ratio o is approximated as
a straight line, the mixture ratio @ can be expressed by
equation (23).
10 o = il+p (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
15 of the mixture ratio o and also indicates the mixture ratio
& of the designated pixel. 1In equation (23), the index i is
known, and the gradient 1 and the intercept p are unknown.
The relationship among the index i, the gradient 1, and
the intercept 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 approximating the mixture ratio o as equation (23),
a plurality of different mixture ratios a for a plurality of

pixels can be expressed by two variables. In the example

25 shown in Fig. 65, the five mixture ratios for five pixels



into equation (45). s M = Eay w + ex (45) Y=0 20 In equation (45), x
Is any one of the integers fromO to 28. Equation (46) can be found from
equation (45). s ex = Mk - | ay wy (46) Y=o - 143 Since the nethod of
| east squares is applied, the square sumE of the error is defined as
foll ows, as expressed by equation (47). 8 E = F ex' (47) x=0 5 In order
to mnimze the error, the partial differential value of the variable W
with respect to the square sum E of igg error should be 0. v is any one of
the integers fromO to 5. Thus, wy i eterm ned so that 10 equation (48)
Is satisfied. aE 8 aex aWw 2 X ex aWw 8 =2 E - av =0
are expressed by the two variables, i.e., the gradient 1 and
the intercept p.
When the mixture ratio o is approximated in the plane
shown in Fig. 66, equation (23) is expanded into the plane
5 by 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). In Fig. 66, the white dot
indicates the designated pixel.
10 o = 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. 1In equation (24),
m designates the horizontal gradient of the mixture ratio a
15 in the plane, and g indicates the vertical gradient of the
mixture ratio o in the plane. In equation (24), p indicates
the intercept of the mixture ratio o in the plane.
For example, in frame #n shown in Fig. 56, eguations

(25) through (27) can hold true for C05 through C07,

20 respectively.

C05 = a05eBO5/v+£05 (25)
C06 = 006eB06/v+£f06 (26)
C07 = aQ7eB07/v+£07 (27)

Assuming that the foreground components positioned in

25 close proximity with each other are equal to each other,




x=0 (48) By substituting equation (46) into equation (48), equation (49)
is obtained. as 8 I(av lay W) =lav M x=0 y=0 x=0 (49) For exanpl e,

t he sweep-out nmethod (Gauss-Jordan 15 elimnation) is applied to six
equati ons obtai ned by substituting one of the integers fromO to 5 into v
in equation (49), thereby obtaining w. As stated above, wOis the

hori zontal gradient m wl is the vertical gradient g, w2 1is the intercept
p, w3 is s, w4ist, and wb is u. 20 As discussed above, by applying the
met hod of |east squares to the equét?%ﬂs“in whi ch the pixel value M and
the - 144 pixel value B are set, the horizontal gradient m the vertical
gradient g, and the intercepts p, s, t, and u can be determ ned. A

descri ptiioe .hashheerogi tamowghh roef areneguiko ,5egguationns 2835hotldsough (43),
by assuming that the pixel value of the pixel contained in the m xed area
is M andrtieebypireel acdhgeFOfl theopigkelF08obyaifeed i n t he background area is
B. Inthis case, it is necessary to set normal equations for each of the
cases where théxtesi ghaté¢r) ptkel is 10 contai ned i n(2%ke covered background

area, or the designated
In equation (28), x indicates the position in the

5 spatial direction.
When a(x) is replaced by equation (24), equation (28)
can be expressed by equation (29).
f(x) = (1-(jmt+kg+p))eFc

je(-meFc) +ke (—qgeFc)+ ( (1-p) ®Fc)

10 = js+kt+u (29)

In equation (29), (-meFc), (—-g®Fc), and (l-p)eFc are
replaced, as expressed by equations (30) through (32),
respectively.

S = -meFc (30)

15 t = —-geFc (31)

u = (l-p)eFc (32)

In equation (29), 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.

20 As discussed above, since it can be assumed that the

object corresponding to the foreground is moving with
constant velocity within the shutter period, and that the
foreground components positioned in close proximity with
each other are uniform, the sum of the foreground components

25 can be approximated by equation (29).



pi xel is contained in the uncovered background area. For exanple, when the
m xture ratio a of the pixel <contained in the covered background area in
frame #n shown in Fig. 56 is determ ned, C04 through CO8 of the pixels in
15 frame #n and the pixel values P04 through P08 of the pixels in frame
#n-1 are set in the normal equations. For determining the mxture ratio a
of the pixel <contained in the uncovered background area in frame #n shown
in Fig. 57, the pixels C28 through C32 of franme #n and the 20 pixel val ues
N28 through N32 of the pixels in fram4®%n¥1 are set in the norma
equations. Moreover, if, for exanple, the mxture ratio a of the pixe
contained in the covered background area shown in Fig. 67 is cal cul ated,
the foll ow ngweenathonsitbd}e t haougha (58) apbrak emseéd Bfieapsxehiyatue of
the pixel for which the mxture - 145 ratio ais calculated is M5. In
Fig. 67, ltthe ,whihtesdat sf ithdi €ategpbxelscbapbekang tent he bapkgsewnd, and
the black dots indicate pixels to belong to the m xed area. Ml

=(-1) Bcl b¥( enpBthiqeBdBp*(- 1) s+(-1)t+u(50) 5M2 =

(0) Bc2mt(-1) Bc2g+Bc2p+(0) s+(-1)t+u(51) M3

=(+1) Bc3m+( - 1F BeBg+BeSp+( +1) s+(- 1) t +u(52) M4 (33)

=(-1) Bc4m+( 0) Bc4q+Bc4p+(-1)s+(0)t+u(53) M5

=(0) Be5m+( 0) BRB o+ Be 5 0y sHI®)mix{5ag Ml (*13ngcbhe $0) BE6ERSC6p+ (+1)
s+ (0) t+u(55) 10Mc7 =(-1)Bc7nw(+1)Bc7q+Bc7€+g-1)s+(+1)t+u(56) M8

=(0) Bc8mEPF¥EPBEYRIBESPRPDRE E+i 0t egpskyon (13) by using equations

(24) and (29), the pixel value M can be expressed by

equation (34).

M = (jmt+kg+p)®B+js+kt+u
10 = jBemtkBeqg+Bep+jes+ket+u (34)
In equation (34), unknown variables are six factors,

such as the horizontal gradient m of the mixture ratio a in
the plane, the vertical gradient g 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 pixel, 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 ratioc a.
For example, the horizontal index j of the designated
pixel is set to 0, and the vertical index k is set to O.
Then, the pixel value M or the pixel value B is set in the

25 normal equation shown by equation (34) for 3x3 pixels



M9 =(+1) BcOmt(+1) Bc9g+Bc9p+(+1) s+(+1)t+u(58) When cal culating the m xture
ratio a of the pixel <contained in the covered background area in frame #n,
the 15 pixel values Bcl through Bc9 of the pixels in the background area
in frame #n-1 corresponding to the pixels in frame #n are used in
equations (50) through (58). Wen, for exanple, the mxture ratio a of the
pi xel contained in the uncovered background area shown in Fig. 67 20 is
cal cul ated, the follow ng equations (59) through (67) are set. The pixel
val ue of the pixel for which the mxtuwe#lratio a is calculated is Mu5. Ml
= (-1)Bul m-(-1)Bul q+Bulp+(-1) s+(-1)t+u (59) Mu2 = (0) Bu2m+ (-1)
Bu2g+Bu2p+ (0) s+ (-1) t+u (60) 25 Mu3 =
(+1) Bu3m+(-1)Bu u3 +1% 146 1% Budm+ (0)
bl Buap s (45T ?fé) 488 adtidta bidiningt o EheRTeRha Y o4 L o)
t +u( 63) + q p+ (+1) s+ (0) t+u(64) Mu7 =(-1) Bu7mt
(+1) Bu?(l;@ ‘(‘ ‘L% ;J ‘%@%‘ig‘?&uzg@f 5MI8
—(0)Bu8n&(HﬁhBu%quBquﬁ(Dh&+&ﬂﬁ)ﬂ%u@66q+mh94-p+(—l)'s+(—1)'t+u
=(+1) Bu9mt( +1) Bu90q+Bu9p+( +1) s+(+1)t +u(67) When cal cul ating the m xture
ratio a of the pixel contained in the uncovered backgrouydd)area in frane
#n, the pixel values Bul through Bu9 of the pixels of the background 10
area ion fr abe-#l ‘dornespdndi nGot-0° ahBo pi Xet 0)ofs (alne 1 are used in
equations (59) through (67). Fig. 68 is a bl ock diagran1ug%?strating t he
Mi1,-1=(+1) *By1,-1°m+ (-1) *By1,-1°q+By1,-1°p+ (+1) * s+ (-1) t+u
(37)
Mo1,0=(-1) *B-1,0°m+ (0) *B-1,0°q+B-1,0*p+ (=1) -s+(0) - t+u
10 (38)
Mo,0=(0) *Bo,o'm+ (0) *Bo,0*q+Bo,o"p+(0) *s+(0) - t+u
(39)
Mi1,0=(+1) *Bs1,0'm+(0) *Bs1,0°g+B+1,0°p+ (+1) * s+ (0) t+u
(40)
15 Mo1,+1=(-1) *B_{ 41 m+(+1) *B.1,+1°q+B-1,+1'p+(-1) *s+(+1) * t+u
(41)
Mo,+1=(0) *Bg,+1°m+ (+1) *Bg,+1°g+Bg,+1p+ (0) *s+ (+1) *t+u
(42)
M+1,41= (+1) "Ber,+1m+ (+1) *Big +1°g+Bsr +1°p+H(+1) " s+ (+1)  t+u

20 (43)

Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designated pixel is 0,
the mixture ratio o of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (24), i.e., the

25 mixture ratio o is equal to the intercept p in equation (24).



configuration of the estinmated-m xture-ratio processor 401. An inmage input
into the estimated-m xture-rati o processor 15 401 is supplied to a del ay
circuit 501 and an adder 502. The delay circuit 501 del ays the input inage
for one frame, and supplies the inmage to the adder 502. When frane #n is
supplied as the input inmage to the adder 502, the delay circuit 501
supplies franme #n-1 to the adder 502. 20 The adder 502 sets the pixel value
of the pixel adjacent to the pixel for which the mxture ratio a is

cal cul ated, and the pixel value of frame#n-1 in the normal equation. For
exanpl e, the adder 502 sets the pixel values Ml through M9 and the pixel
val ues Bcl through Bc9 in the 25 normal equations based on equations (50)

th h (58 - 147 . Th dd 502 [ t h
cauat fons. | h AR A9 e S ST ol Dl SR H0S( Lk ng € he

- out t hod, th | at or . 3 ] th t t ed
mixture roEF oh%v%%W?ﬁggmiie%@ﬁ%?%cgeﬁﬁgh-sa@ GBI FBE fr ofEhERadder

502, and og%gutg§¥ t he dete£n1ggg esgrgaéggcglé£u§eb§a£ﬁg.méF%%gl$Eganner

the esti nate&d- trtiof processor rs a o~calcuo

esti mat edy M{u%cgug@ §0 bagepne Ot DecLAPUL | UBgEoANd, SUPRLI BB, LL L O the

m xture-ratio defefmning portion 2 oo}t &d- m Xt ure-ra
processor,.402,ig configured simlar to the estimted-mxture-ratio
processor 401, and an explanation thereof is thus onmitted.

A specific process for calculating the mixture ratio a
by applying the method of least squares is as follows.

When the index i and the index k are expressed by a
single index x, the relationship among the index i, the

10 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 m, the
vertical gradient g, and the intercepts p, s, t, and u are
expressed by variables w0, wl, 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 error ex, equations (35) through (43) can be modified

into equation (45).

5
=Zay-wy+ex (45)

y=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—Zay-wy (46)



Fig. 69 illustrates an exanple of an estimated m xture 15 ratio cal cul ated
by the estimted-m xture-ratio processor 401. The estinmated m xture ratio
shown in Fig. 69 indicates the calculation result, with respect to one

| ine, obtained by generating and calculating an equation in units of 7x7-
pi xel bl ocks in which the ambunt of nmotion v in the 20 foreground
corresponding to an object noving at a constant speed is 11. Fig. 68 shows
that the estimated m xture ratio changes substantially linearly in the

m xed area. A description is now givwen4ath reference to the 25 flowchart
of Fig. 70, of the mxture-ratio estimating - 148 processing by the
estimated-m xture-rati o processor 401 having the configuration shown in

Fig. 68 by using a nodel f the covered background area. In _step S521, the:
adder 502 s_et$l%ﬁ:§ %?elme\)%ﬁ?{e%f sh AT e TR Shadd %and the pi xel

val ue con d_inthe.i e lied,fromthe dgl circuit 501 in a
nor mal é%ﬁ%%ﬁ%ﬁmg%réé%%dﬁ%?d%gfgpa}%ﬁ%% l%ﬁét%% @%@%?%%’U%%kground ar ea.

In step i -~ 1 X -ratio processor 401 10 determ nes
whet her 1 s%%{?%?%f%%gﬁigﬂ’teéd pixels is finished. If it is

determ ned t the setting of the designated pixels is not finished, the
process returpsekbd step S521, and the processing for setavpg the pixel
values in the normal equation is repeated.

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

equation (48) is satisfied.

OE 8 Oex
Wy 2 Z%ex " oW
10 (48)

8
=2 - E:ex cav = 0

x=0
By substituting equation (46) into equation (48),

equation (49) is obtained.

8 5 8
Z(av . Zay * Wy) =Z av + Mx (49)
y=0 x=0

x=0

For example, the sweep-out method (Gauss-Jordan
15 elimination) is applied to six equations obtained by
substituting one of the integers from 0 to 5 into v in
equation (49), thereby obtaining wy. As stated above, w0 is
the horizontal gradient m, wl is the vertical gradient g, w2
is the intercept p, w3 1is s, wd is t, and w5 is u.
20 As discussed above, by applying the method of least

squares to the equations in which the pixel value M and the



15 If it

to the uncovered background area is

is determned in step S522 that the setting for the designated
pi xels is finished, the process proceeds to step S523. In step S523,
calculator 173 calculates the estimated m xture ratio based on the nornal
equations in which the pixels values are set, and outputs the cal cul ated
20 m xture ratio. As discussed above, the estimted-m xture-ratio
processor 401 having the configuration showmn in Fig. 68 is able to
calculate the estinmated m xture rati o based on the input imge. 25 The
m xture-ratio estimting processing byyagsing a - 149 nodel correspondi ng

a

simlar to the processing indicated by

the flowhart of Fig. 70 by using the normal equations corresponding to a

nodel of
thus omt

t he. uncover ed back

correspondi ng, to. t he background i s, stati onar
HestsTh

above- destTT

if the i e,corresponding to 10 the background area contains notion.
W?% ?%%nghgﬁg'corresponding to the background area is uniformy

moving, the est ic{%tct%%ﬂgi’%”h%sr a&aée?{l g;‘iQPe%S%ch‘mﬂeéé}iJ&ée the overall

exanpl e,

in accordance w
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25
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round area,
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is stationary.

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 case, it 1s necessary to set normal equations
for each of the cases where the designated pixel is
contained in the covered background area, or the designated
pixel is contained in the uncovered background area.

For example, when the mixture ratio o of the pixel
contained in the covered background area in frame #n shown
in Fig. 56 is determined, C04 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations.

For determining the mixture ratio a of the pixel
contained in the uncovered background area in frame #n shown

in Fig. 57, the pixels €28 through C32 of frame #n and the

pixel values N28 through N32 of the pixels in frame #n+l are

set in the normal equations.

Moreover, if, for example, the mixture ratio o of the
plixel contained in the covered background area shown in Fig.
67 is calculated, the following equations (50) through (58)

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



the image corresponding to the background area contains locally different
notions, the estimated-m xture-ratio processor 401 selects the pixels
corresponding to the notions as the pixels belonging to the m xed area,
and 20 executes the above-described processing. As described above, the

m xture-ratio calculator 102 is able to calculate the mxture ratio a,
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. - 150 By utilizing the mxtuge #atio a, it is possible to
separate the foreground conponents and the background conponents contai ned
in the pixel values while maintaining the infornation of notion blur

fﬁzt?k.ggﬁs'ﬁa 2l bR CRBCHISEGRCLP 953 WElss § gﬁmtﬁ%ac%?‘é;{‘é”gfn
2" ovi ng_ B SRE SRR ST cFOT BPERPH S ¥H?|écﬁkg%§'gﬂ eaf oFrg. PieFhe
foregroun{ifl@@%g&%ggess@%fgor;olgglbﬁgdlcgc RECH: D8l QP T 0. 71 1 a block

diagramillustrating an exa con |gura ron of the

f or egr oungipackgrp ;wgkfym¥%tq5Q@cllg53ch§+ }Usi{“%xifi%Ppl|eg sbp the

f or egr ound/ background separat or 5 1s supp |ed a separating portion
601, & 15vwewmi Lcip ﬁ%za{nd(_ai)syctzea@@éo?ifh@) agﬁél_l)m‘tmunatl on gypplied from

the area specifying unit 103 and indicating t
Mc3 = (+1)eBc3em+ (- 1)0B030q+Bc30p+(+1)Os+(—1)0t+u (52)
Mc4 = (—-1)eBcdem+ (0)eBciesg+Bcdep+(—1)es+ (0)et+u (53)
Mc5 = (0)eBc5em+ (0)eBc5eg+BcS5ep+ (0) s+ (0) et+u (54)
Mcé = (+1)eBceem+ (0)eBcoeg+Bchtep+ (+1) s+ (0) st+u (55)
10 Mc7 = (~1)eBc7em+ (+1)eBc7eg+Bc7ep+ (-1)es+ (+1)et+u (56)
Mc8 = (0)eBcB8em+ (+1)eBcB8eg+Bc8ep+ (0)es+ (+1)et+u (57)
Mc9 = (+1)eBc9em+ (+1)eBcOeqg+BcIep+ (+1)es+ (+1)et+u (58)

When calculating the mixture ratio o of the pixel
contained in the covered background area in frame #n, the
15 pixel values Bcl through Bc9 of the pixels in the background
area in frame #n-1 corresponding to the pixels in frame #n
are used in equations (50) through (58).
When, for example, the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 67
20 is calculated, the following equations (59) through (67) are
set. The pixel value of the pixel for which the mixture

ratio & is calculated is Mu5.

Mul = (-1)eBulem+ (-1)eBuleg+Bulep+(-1)es+(-1)et+u (59)
Mu2 = (0)eBulem+ (~1)eBuZeg+Bulep+ () es+ (—-1)et+u (60)
25 Mu3 = (+1)eBu3em+ (—~1)eBu3eg+Bulep+ (+1)es+(-1)et+u (61)



information of the covered background area and the uncovered background
area is supplied to the separating portion 601. The area information
indicating the foreground area is 20 supplied to the switch 602. The area
information indicating the background area supplied to the switch 604. The
m xture ratio a supplied fromthe mxture-ratio calculator 104 is supplied
to the separating portion 601. The separating portion 601 separates the
foreground 25 conponents fromthe input imge based on the area - 151
information indicating the covered backgsound area, the area information

i ndi cating the uncovered background area, and the m xture ratio a, and
supplies the separated foreground conponents to a synthesizer 603. The

ot e skt b s o) RESERRE ALt LR iponon C1b o

i nput i mAge, and supplies Snponent

synthesiqg&SQQS(oﬂtghga ;B§Qé§g§ﬁ&f%gg§$€§3%nqggﬂéghﬁel corresg§€fing to

the foreground 1S 1 npu tion 10 indi ng the

f or eground, ar £a , ek, upgl (ioﬁ;‘.%B%LéfT%gggPi (PLfos £QNW3IRONTI NG L, f N

foregrou contained 1n the input t he synthesi zer The switch

604 i s clwsed-woen &iesdl (+99%RETRPQPEL NEL{ g_alc)tga_ mQIggq_gund | g4 nput based

on the area information 15 indicating the kground area, and supplies

only the whgel s o cafygasRqndi)REubegH BEs HRC KEr @UNd-19@RLai ned i nghe i nput
imge to the synthesizer 605.
Mu9 = (+1)eBu9em+ (+1)eBu9eg+Buep+ (+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

10 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 processor 401.
An image input into the estimated-mixture-ratio processor

15 401 is supplied to a delay circuit 501 and an adder 502.

The delay circuit 501 delays the input image for one
frame, and supplies the image to the adder 502. When frame
#n is supplied as the input image to the adder 502, the
delay circuit 501 supplies frame #n-1 to the adder 502.

20 The adder 502 sets the pixel value of the pixel
adjacent to the pixel for which the mixture ratio o is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 502 sets the pixel values
Mcl through Mc9 and the pixel values Bcl through Bc9 in the

25 normal equations based on equations (50) through (58),



The synt hesi zer 603 synthesizes a foreground conponent image based on the
foreground conponents supplied fromthe 20 separating portion 601 and the
pi xel s corresponding to the foreground supplied fromthe switch 602, and
outputs the synthesized foreground conponent inage. Since the foreground
area and the m xed area do not overlap, the synthesizer 603 applies, for
exanple, logical ORto the 25 foreground conponents and the foreground

pi xel s, thereby - 152 synthesizing the foreground conponent inage. In the
initializing processing executed at t+hkedstart of the synthesizing
processing for the foreground conponent inmage, the synthesizer 603 stores
an i mage whose pixel 5 values are all 0 in a built-in frame nmenory. Then

0 the | SYOLfeslel 0oy P OfFSSLAg.E 080t NEWLOLEGL OLNY SOPROCOL,LIRGE, (e

synt hesi zer e foreground conponent | nage overwries the

previ ous imﬁi@ye@@l 0% E07 QUG COTPONERE ﬂm&ggmé\fg%gi pgyy. O is

stored in the pix correspondi ng to the background area in the

foreground comeppithd RESAEPUtnd IR tdie sydtihasl zern 6031 dhe tor
synt hesi zer 605 synt hesi zes "a background conponent 1 mage based on the

backgr ounslo T onpesent e sUpRL | 86t froredhe: xsepar st 08 PErEb0pi891tgad the
pi xel s corresponding to the 15 background supplied fromthe switch 604, and

out putss thermsynédhest Z6fls bagkgl D8Adf eOMPERENAdHER0802 Si A€ dhepubackground
area and the m xed area do not overlap, the synthesizer 605 applies, for
exanpl e, tiogidatetiRidedtédetimated mixture ratio.

In this manner, the estimated-mixture-ratio processor
401 is able to calculate the estimated mixture ratio based
on the input image, and supplies it to the mixture-ratio

10 determining portion 403.

The estimated-mixture-ratio processor 402 is configured
similar to the estimated-mixture-ratio processor 401, and 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 result, with respect to one line, obtained
by generating and calculating an equation in units of 7x7-
pixel blocks in which the amount of motion v in the

20 foreground corresponding 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 i1s now given, with reference to the

25 flowchart of Fig. 70, of the mixture-ratio estimating



background conmponents and the background pixels, thereby 20 synthesi zi ng

t he background conponent inage. In the initializing processing executed at
the start of the synthesizing processing for the background conponent

i mge, the synthesizer 605 stores an i nage whose pixel values are all 0 in
a built-in frame nmenory. Then, in the 25 synthesizing processing for the
background conponent inage, - 153 the synthesizer 605 stores the
background conmponent inmage (overwites the previous imge by the
background conmponent image). Accordingdy,-0 is stored in the pixels
corresponding to the foreground area in the background 5 conponent inage
out put fromthe synthesizer 605. Figs 72A and 72B illustrate the input

£ t d/ d t 105 and
For agr ourBEOEORBEHENY | Rifee Rhtr "t RO TALRbF DEmEE EOpBRRAT =P ABGA bt put 17 om

he f b 0] h di
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illustrating t playe and ai ned

by eXpaW9fn9hénc6?§r%§”Ea9k gg&hgn%£ggbplxels di sposed in one |line

i ncluding the pixe el ongl gtot reground area, the pixels

bel ongi ng to the Lagkeypund Aeagpd $de s%ﬁ%e'f?nel%%?é 3%7]2 to the m xed

area corresponding to Fig. 72A. As shown in Figs t he
backgmsoungs SesDeReN n tm@gﬁn%uﬁ Pithadé Oghd hend %EQ&PUGQi@é‘C&&ﬁ%'Meéepar at or
e

105 consists of the pixels | onging to the background area and he

backgr oungh cem@ oGS £OHbBi S@Af kdnt fige Pi&BAy €fréhet 501 in a normal
equation corresponding to a model of the covered background
area.

In step S522, the estimated-mixture-ratio processor 401

10 determines whether the setting of the designated pixels is
finished. If it is determined that the setting of the
designated pixels is not finished, the process returns to
step §521, and the processing for setting the pixel values
in the normal equation is repeated.

15 If it is determined in step S522 that the setting for
the designated pixels is finished, the process proceeds to
step S523. 1In step 5523, a calculator 173 calculates the
estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated

20 mixture ratio.

As discussed above,.the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 68 is
able to calculate the estimated mixture ratio based on the
input image.

25 The mixture-ratio estimating processing by using a



20 m xed area. As shown in Figs. 72A and 72B, the foreground conponent

i mage output fromthe foreground/ background separator 105 consists of the
pi xel belonging to the foreground area and the foreground conponents ‘
contained in the pixels of the 25 m xed area. - 154 The pixel val ues of
the pixels in the mxed area are separated into the background conponents
and the foreground conponents by the foreground/ background separator 105.
The separated background conponents formthe background 5 conponent i nmage
together with the pixels belonging to 14® -background area. The separated
foreground conponents form the foreground conponent inage together with
the pixels belonging to the foreground area. As discussed above, in the

foreground onponent ima i xel vaIu f _the plxels
correspoﬁﬁlﬁﬁfp Ofﬁ%Sp%%ck %%d£g?e§ SPeetet ggr%Hads?gﬁ?ffﬁant pi xel

val ues  age, el it ep%ﬁgéés§9é&e§9899§£8d t@ﬁefQ%Sﬁéﬁgg BEPRigd and the

pi xel s corresponding m xed” ar ea rmla grou

component yj igge, s 1he phaehoyahyesqeh L bes 18opLx §n§Qﬁge§809dhaaeio okhe

f oreground a are"set to O, significant plxe | ues are set in the

pi xel's corg eén?@@@éﬂ&d@a&ﬁ&r@@ﬁ&%%@d é‘ﬁ&aaﬁmgx;%i‘gn&’tf@ﬁSthQPééﬁsPQ”d' ng
to the mxed area. A description is given below of the processing executed

20 by st hergepasmi+pggporti on 601 for separating the foreground

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

10 the background area contains motion. For example, if the
image corresponding to the background area is uniformly
moving, the estimated-mixture-ratio processor 401 shifts the
overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the

15 object corresponding to the background is stationary. 1If
the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 401 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area, and

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.



components and the background conponents fromthe pixels belonging to the
m xed area. Fig. 73 illustrates a nodel of an inmage indicating foreground
conmponents and background components in two 25 frames including a
foreground object noving fromthe left to - 155 the right in Fig. 73. In

t he nodel of the image shown in Fig. 73, the anmobunt of novenment v is 4,
and the nunber of virtual divided portions is 4. In frame #n, the | eftnost
pi xel and the fourteenth 5 through eighteenth pixels fromthe |eft consist
of only the background conponents andibgglong to the background area. In
frame #n, the second through fourth pixels fromthe left contain the
background conponents and the foreground conponents, and belong to the

uncover ed bachg;oundkarea n 10, frame #n, the e| eventh through thirteenth
pi xel s fromth 2O af}he BRI TP EhpBneht st ankes SHebf otmd

conponent b n the overed backgroynd area. In frane #n, the

fIPPh thr%ﬁ%%égg%tﬁkglg% ?%ﬁgtﬁ%mP%??n 82§P§ QBF BﬁFbgrﬂén foreground
onponent o] o] r 15 | rame. # the first

Chrough 1 TR0 BT er eri%fnlf%f P e R Tt hE SR ET ER  BBhe | et
consi st ofn@nl¥robieragkor AHbd: SRMPORENE Sy 20MaBEL NG, L Oy Llig, PaCckgr ound
area. In frame #n+l, the sixth through erghth prxels ronf A2 I eft

cont aisn beskes opesla cogPesents AdiAQr§95Qupd conponents, and 20 belong to

t he uncovered background area. In frame” #n+l, the fifteenth through
sevent eenth pipeeloniyiMidiacdefimLfd ddked on the mixture ratio o,
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.
10 The foreground/background separator 105 is discussed
below. Fig. 71 is a block diagram illustrating an exemple
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
background area is supplied to the separating portion 601.
The area information indicating the foreground area is
20 supplied to the switch 602. The area information indicating
the background area supplied to the switch 604.
The mixture ratio o supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.
The separating portion 601 separates the foreground

25 components from the input image based on the area



background conmponents and foreground conponents, and belong to the covered
background area. In franme #n+l, the ninth through fourteenth pixels from
the left consist of only the 25 foreground conponents, and belong to the
foreground area. - 156 Fig. 74 illustrates the processing for separating

t he foreground conponents fromthe pixels belonging to the covered
background area. In Fig. 74, al through al8 indicate m xture ratios of the
i ndi vi dual pixels of frame #n. 5 In Fig. 74, the fifteenth through
seventeenth pixels fromthe left belomgpio-the covered background area. The
pi xel value C15 of the fifteenth pixel fromthe Ileft in frame #n can be
expressed by equation (68): Cl5 = B15/v+F09/v+F08/v+F07/v 10 =
a15Bl5+F09/%+F08 v+FO7/y, = al5P15+F09/ v+FO8/ v+FO07/ v 438%¥mhere als

i ndi cat es"The" Mkt el?%%?%tb?gtﬁ C Y BRRE P2 PRLEPURY oif The HoFt3T %21 rane

#n, and P15 q8§i Patesnéhe N Axe vaﬁug of Lh fifteegth i xel f£ m t he
P b R L LT S S L T S T o S el
oy o AL O e LS8! Ly LA, 15 PO Dee BB PR3 B BUNAC 01,
Sinilarlycoﬁﬁ@héﬂ%@féé Qfs§£%hégfﬁgfoy@g.CO@@Q”§Q§§rQ{ing portion 601
5 also separates the background components from the input
image, and supplies the separated background components to a
synthesizer 605.
The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
10 indicating the foreground area, and supplies only the pixels
corresponding to the foreground contained in the input image
to the synthesizer 603.
The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
15 indicating the background area, and supplies only the pixels
corresponding to the background contained in the input image
to the synthesizer 605.
The synthesizer 603 synthesizes a foreground component
image based on the foreground components supplied from the
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, logical OR to the

25 foreground components and the foreground pixels, thereby



the sixteenth pixel fromthe left in frame #n can be expressed by equation
(70), and the sumf17 of the foreground conponents of the seventeenth
pi xel fromthe left 25 in frane #n can be expressed by equation (71). - 157
f16 = Cl6-al6P16 (70) f17 = Cl7-al7P17 (71) 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 = CaP
(72) where P designates the pixel value of the corresponding pixel in the
previous frame. Fig. 75 illustrates +hesprecessing for separating the 10
foreground conponents fromthe pixels belonging to the uncovered
background area. In Fig. 75, al through al8 indicate mxture ratios of the
e, second through fourth

indiVidua%%ﬁ%%§é$%$%gféggeﬁ#9' 0 gi%. 75 tp _
pi xels fr ohgF T THRY URRBV P EY T bERREF ound area. 15 The pi xe
\63 | ggugt) izogf ( %e :tsr%%%’]{;& t@%%ﬁ%@%ﬁ%%%%&t% ﬁi\)eéi@ég %&n +|£—l'%/ S\t/% ea:re€< Cla -
cENE FOLNe (LRI g B0 OO SRR LN KUk HAC oty genne |
second pixglgdromd heyhefdsiDefref® #ddes an image whose pixel
5 wvalues 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 image
(overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels
10 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
background area and the mixed area do not overlap, the
synthesizer 605 applies, for example, logical OR to the
background components and the background pixels, thereby

20 synthesizing the background component image.

In the initializing processing executed at the start of
the synthesizing processing for the background component
image, the synthesizer 605 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the

25 synthesizing processing for the background component image,



The sum f02 of the foreground conponents of the second pixel fromthe |eft
in frame #n can be expressed by equation 25 (74) based on equation (73). -
158 f02 = FO1/v = C02-a2.N02 (74) Simlarly, the sumf03 of the ‘
foreground conponents of the third pixel fromthe left in frame #n can be
expressed 5 by equation (75), and the sumf04 of the foreground

conponents of the fourth pixel fromthe left in frame #n can be expressed
by equation (76). f03 = C03-a3N03 (75) f04 = C04-a4N04 (76) 10 In this
manner, the foreground conponents fucpsained in the pixel value C of the
pi xel belonging to the uncovered background area can be expressed by
equation (77): fu = C-aN (77) where N designates the pixel value of the

correspondi ng 15 g |n t he subsequent frame. As di scussed, above, the
separ at i ng*potYFoh %b&e¥s %%I%tof%ssEB%r%?%kgﬁ%u?%r%@?B%%%nthﬁﬁﬁ%nts from
t he pi xel bel ongi to the m xed, area and the background co onents from
the bi xel LOXRTGROTH FOS (RESHIRER SPede baY et o PTRkS OS5 AT Oh

i ndicatin the cov. red ackg%ou d, ar ea the . information indicating the
h

uncover ed RRGr o NECRF St ht Ai had® %r?% e Ar B3 i REEF MRt i on, and the
m Xxture r@6£9e3po£&in§aEQ Qﬁéekoreground area in the background

5 component image 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 output
from the foreground/background separator 105.

10 Fig. 72A is a schematic diagram 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 Dbelonging to the mixed area corresponding to Fig. 72A.

As shown in Figs. 72A and 72B, the background component
image output from the foreground/background separator 105
consists of the pixels belonging to the background area and
the background components contained in the pixels of the

20 mixed area.

As shown in Figs. 72A and 72B, the foreground component
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
the foreground components contained in the pixels of the

25 mixed area.



Fig. 76 is a block diagramillustrating an exanple of 25 the configuration
of the separating portion 601 for - 159 executing the above-descri bed
processing. An inmage input into the separating portion 601 is supplied to
a frame nmenory 621, and the area information indicating the covered
background area and the uncovered background area supplied 5 fromthe

m xture-ratio calculator 104 and the m xture ratio a are supplied to a
separation processing block 622. The frame nenory 621 stores the input
images in units of frames. Wien a framto be processed is franme #n, the
frame nmenory 621 stores frame #n-1, which is the frane one 10 frame before
frame #n, frame #n, and frame #n+l, which is the frame one frame after

f #n. Th 621 di s _inf
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to a frane ‘nmenory 6
background area. The separated foreground components form
the foreground component image together with the pixels
belonging to the foreground area.
As discussed above, in the foreground component image,
10 the pixel 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 background component image, the pixel values of the
15 pixels corresponding to the foreground area are set to 0,
and significant pixel values are set in the pixels
corresponding to the background area and the pixels
corresponding to the mixed area.
A description is given below of the processing executed
20 Dby the separating portion 601 for separating the foreground
components and the background components from the pixels
belonging to the mixed area.
Fig. 73 illustrates a model of an image indicating
foreground components and background components in two

25 frames including a foreground object moving from the left to



25 The separation processing block 622 is formed of an - 160 uncovered
area processor 631, a covered area processor 632, a synthesizer 633, and a
synt hesi zer 634. A nmultiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+l1l 5 supplied fromthe
frame 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 pixel in frame On+l) supplied fromthe frame nmenory
621 bel ongs to the uncovered backgroungssrea, 10 and supplies the pixe
value nultiplied by the mxture ratio a supplied fromthe nultiplier 641
to a calculator 643 and the synthesizer 634. The val ue obtai ned by
mul tiplyi t he i xel value_of the pixel in frape #n+l by the mxture
fatio UEBaPERRFrom THE: 4t chiBash? snedGivaF ohbet b™e#e’ BEERGr iind 15
conponent s, of e pixel value of the correspondin ixel in . frang #n. The
cal bul at of 8aa" LobPrEctno TRt B8 cROPETRBE cEnpanint S A hRBI PRECFF ofFt ne
switch 642. t L xel f.th pi xel in frame #n supplied fromthe
31%‘2‘8%]1 QEVP&é§Op§g£g§?Q. 18N8

frame nmenor SO as ain thé foreground components. The
gal cul ator 643, spppld G | é%&ﬁ&%@ &Q@P“ﬁgﬁ Sed f‘ﬂﬁﬁié&%%i n frame #n
el ongi ng to the uncovered background area to the synthesizer 633. A
mul tipl i efnfSlgRf 1 e SONER eF:i REEE PEORCEROT 1682 cdnsTULILP! bESyt bR pi Xel
val ue of the pixel Tn frame #n-I

background components and belong to the background area. In

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

10 frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the
fifth through tenth pixels from the left consist of only the
foreground components, and belong to the foreground area.

15 In frame #n+l, the first through fifth pixels from the
left and the eighteenth pixel from the left consist of only
the background components, and belong to the background area.
In frame #n+l, the sixth through eighth pixels from the left
contain background components and foreground components, and

20 belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain
background components and foreground components, and belong
to the covered background area. In frame #n+l, the ninth

through fourteenth pixels from the left consist of only the

25 foreground components, and belong to the foreground area.



- 161 supplied fromthe frame nenory 621 by the m xture ratio a, and
outputs the resulting pixel value to a swwtch 652. The switch 652 is

cl osed when the pixel of frame #n (corresponding to the pixel in frane
#n-1) supplied fromthe 5 frame nenory 621 belongs to the covered
background area, and supplies the pixel value multiplied by the m xture
ratio a supplied fromthe nultiplier 651 to a cal culator 653 and the

synt hesi zer 634. The value obtained by multiplying the pixel value of the
pixel in frame #n-1 by the m xture r-atiss X0 a output fromthe switch 652 is
equi val ent to the background conponents of the pixel value of the
corresponding pixel in frame #n. The cal cul ator 653 subtracts the

packaund comenenie  APALIALL 1B e A, S ARG igle Vo v ©
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conponents of the pixels belonging to the covered background area an

suppl ised {4 om g hey £al i at Of + &3 h aree SEpP| é@@eﬁh@egéh sy desi £68h

f oreground conmponents to the franme menory 623. -
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+F08/v+F07/v
10 = 0158B15+F09/v+F08/v+F07/v
= 0158P15+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 the
pixel value of the fifteenth pixel from the left in frame
15 #n-1.
The sum £15 of the foreground components of the
fifteenth pixel from the left in frame #n can be expressed
by equation (69) based on equation (68).
f15 = F09/v+F08/v+F07/v
20 = Cl5-al5epP15 (69)

Similarly, the sum f16 of the foreground components of
the 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).



The synt hesizer 634 conbi nes the background conponents of the pixels

bel ongi ng to the uncovered background area and supplied fromthe switch
642 with the background conmponents of the pixels belonging to the covered
background area and 5 supplied fromthe switch 652, and supplies the

synt hesi zed background conponents to the frane nenory 623. The frane
menory 623 stores the foreground conponents and the background conponents
of the pixels in the m xed area of frame #n supplied fromthe separation
processing 10 bl ock 622. The frane #ermr y- 623 outputs the stored
foreground conponents of the pixels in the mxed area in frane #n and the
st ored background conponents of the pixels in the mxed area in frane #n.
15 By utili zi he mixture ratio (X, which indicates th eature
quantity, thquééégr ﬁﬁaégﬁ&%nents and the background 269Lonents
contained in t pi xel, val can be conpletely separat The synt hesi zer
603 conbi nes t ? Fb?ggr§§ﬁ§%§gnponents 20 of the pixels??ﬁ)the m xed area
n frame #n oubpul, iy QIANG  SHRATAIAG AR I B0EaNS It d 8,6l

bel onging to the toreground area so as to gener&%e a Toreground component

| mge. - Then sy el ZLTy Blie COMDE NEse LHEDRKIT Sltithg COUPARENL Sy Sled e

pi xels in the mxed area In frane #n 25 out put e separating portion

601 wist h BAExPir@hS ardbabebOngpesfed oy bagkes aund psea so as to
generate a
fc = C-oeP (72)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 75 illustrates the processing for separating the
10 foreground components from the pixels belonging to the
uncovered background area. In Fig. 75, dl through ol8
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 background area.

15 The pixel value C02 of the second pixel from the left

in frame #n can be expressed by equation (73):

C02 = B02/v+B02/v+B02/v+F0l/v
= a2eB02+F01/v
= 0280N02+F01/v (73)
20 where a2 indicates the mixture ratio of the second

pixel from the left in frame #n, and N02 designates the

pixel value of the second pixel from the left in frame #n+1.
The sum f£02 of the foreground components of the second

pixel from the left in frame #n can be expressed by equation

25 (74) based on equation (73).



background conmponent image. Figs. 77A and 77B illustrate an exanple of the
f oreground conponent image and an exanpl e of the background 5 conponent

i mge corresponding to frame #n in Fig. 73. Fig. 77A illustrates the
exanpl e of the foreground conponent inmage corresponding to frane #n in
Fig. 73. The |leftnost pixel and the fourteenth pixel fromthe |eft
consi st of only the background conponents before the 10 foreground and the
background are separated, and thus, the pixel values are set to 0. The
second and fourth pixels fromthe | eftl3®l-ong to the uncovered background
area before the foreground and the background are separated. Accordingly,
t he background 15 conponents are set to O, and the foreground conponents
are maintai neg,, Lh%éﬁggyenth through thirteenth pixels fromthe |eft

bel ong to the covere ackground area before the foreground and the
background are segaqﬁg§%§2 cordingly, the background cgqunents are set
to 0, and the foreground 20 conponents are nmaintained. The fifth through

tenth pixels diaMdNg | &fle GORSIFI3 A Aoy ftcn@eg[zﬁyelﬁg{( %&e&wgﬂé S,

whi ch are thus naintained. Fig. 77B illustrates

backgr ounghe COAPEN MM x & IMBFELOR OFKESPOREI 1Y £Parh& MR #ihniWe FbfPordSsedne 25
| eft nost pixel and the fourteenth pixel fromthe left - 164 " consist of

only the Backgiptish conponenid s osenthes & orege opwgegishuidie background
are separated, and thus, the

components of the fourth pixel from the left in frame #n can

be expressed by equation (76).

£f03 = CO03-a3eN0O3 (75)
f04 = C04-04eN04 (76)
10 In this manner, the foreground components fu contained

in the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (77):
fu = C-oaeN (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
belonging to the mixed area and the background components
from the pixels belonging to the mixed area based on the

20 information indicating the covered background area and the
information indicating the uncovered background area
contained in the area information, 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



background conponents are mmintai ned. The second through fourth pixels from
the left belong 5 to the uncovered background area before the foreground
and the background are separated. Accordingly, the foreground conponents
are set to 0, and the background conponents are nmintained. The el eventh
through thirteenth pixels fromthe |eft belong to the covered background
area before the 10 foreground and the background are separated.

Accordingly, the foreground conponents are set to O, and the background
conponents are maintained. The fifth tlHbugh tenth pixels fromthe left
consi st of only the foreground conmponents, and thus, the pixel values are
set to 0. 15 The processing for separating the foreground and the

back t 105 i
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#n+l. In step S602, the separation processing block 622 o e separating

portion GfHcloPiAiNs Bfed dnd OFNEt hodoBeRd i Bk gPohh @M e Shxbif&aratio
calculator 104. In step S603, the - 165 separation processing bl ock 622 of

t he séparfaitonngep® it r &0da ©hs ataBcd het ¢t X104 eani@t 0o anSLPRté eehf1OM t he
m xture- ratio cal cul ator 104.
o are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units
of frames. When a frame to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one

10 frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.

The frame memory 621 supplies the corresponding pixels
in frame #n-1, frame #n, and frame #n+l to the separation
processing 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 o 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



In step S604, the uncovered area processor 631 extracts 5 the background
conponents fromthe pixel values of the pixels belonging to the uncovered
background area supplied fromthe frane nenory 621 based on the area
information and the mxture ratio a. In step S605, the uncovered area
processor 631 extracts 10 the foreground conponents fromthe pixel values
of the pixels belonging to the uncovered background area supplied from
the frame nenory 621 based on the area information and the mxture ratio
a. In step S606, the covered area processor 632 extracts 15 the background
conponents fromthe pixel values of the pixels belonging to the covered
background area supplied fromthe franme nennry 621 based on the area

information and the m xture ratio In step S607, the covered
T 00es SOrUBAVERT TS BEPERESTHr Bt oundSRBREThERt S RBATEREObi k&t val ues

of the pixels belpn oth cover d backgr d area supplied fromthe
frame merfbri¥ %?ie%Jazs% %#;th%n r2a’ ﬁb‘?%ﬁ’g 8%]15(: the mixture ratio a. In

step S608, the |zer 3 |nes t he foreground co ents of
t he pixels beﬁs‘o% Ko She 66431 10668 uncuonvceorveecfebagc rg":'rao nd area extracted in

{he Proceasing, es%h?& F605 WAL oe T OKEGLPUDD £OMPRIIGNT B 0f the pi xel s

bel ongi n e covere ground area extracted in t processi ng of

step 86075y, Jhe; SYNENGR1 &rd ffﬁﬁ@rﬁéﬁﬁky 621 by the mixture 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 pixel in frame #n+l) supplied from the
frame memory 621 belongs to the uncovered background area,

10 .and supplies the pixel value multiplied by the mixture ratio
o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
o output 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
supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as

20 to obtain the foreground components, The calculator 643
supplies the foreground components of the pixel in frame #n
belonging to the uncovered background area to the
synthesizer 633.

A multiplier 651 of the covered area processor 632

25 multiplies the pixel value of the pixel in frame #n-1



5 conponents are supplied to the synthesizer 603. The synthesizer 603
further conbines the pixels belonging to the foreground area supplied via
the switch 602 with the foreground conmponents supplied fromthe separating
portion 601 so as to generate a foreground conmponent image. 10 In step
S609, the synthesizer 634 conbi nes 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-tie 15 processing of step S606. The
synt hesi zed background conponents are supplied to the synthesizer 605. The
synt hesi zer 605 further conbines the pixels belonging to the background

B N R L T R U e
mge. | gL ERS0A0 D SUPLEES 29 SO QNBULS 4 {8 eprpundycorponent
mmge. TnePLOpeRs . LS e, faMPLEL &k, 20 OF fsfusped above, the
for eQr OUnfL SOOI S A L16e HACKOT CNNELGRIPANEHY o {g oM ARecLgpulnl Tooe

f or eggoung GUMARRILy | IPOG SIS TLH0IE O ¥rd e Srsasod, pe £OMRORENt S
and t he background component inage consisting of
supplies the pixel value multiplied by the mixture ratio o
supplied from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the |
pixel value of the pixel in frame #n-1 by the mixture ratio

10 a output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.

The calculator 653 subtracts the background 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
belonging to the covered background area to the synthesizer
633.

20 . The synthesizer 633 combines the foreground components
of the pixels belonging to the uncovered background area and
supplied from ﬁhe calculator 643 with the foreground
components of the pixels belonging to the covered background
area and supplied from the calculator 653, and supplies the

25 synthesized foreground components to the frame memory 623.



only the background conmponents. Adjustnents of the amount of notion blur in
a foreground conponent inmage are described below Fig. 79 is a block
diagramillustrating an exanple of 10 the configuration of the notion-blur
adjusting unit 106. The notion vector and the positional information

t hereof supplied fromthe notion detector 102 are supplied to a
unit-of - processing determ ning portion 801, a nodel-form ng portion 802,
and a cal cul ator 805. The area information 15 supplied fromthe area
specifying unit 103 is supplied to 1hgsanit-of-processing determning
portion 801.. The area information supplied fromthe foreground/ background
separator 105 is supplied to an adder 804. The unit-of-processing

determ ni ng pqrtion 1 en tes the unit rocess based on the

noti on vector, el t‘?é”ﬁg?i ﬁzﬁf‘?ﬁl‘?ﬁ‘ﬁ%ﬁn tt}}?egiéaocﬁ( cl tfgor%ﬁ%%ﬁnts

|nfornat|o$ ?and su glles t he. gengrated unit_ of roce sin o_the no eI-
t

forming po RAPTHLHIE CB04 e ARTCRERRC 0, PARK Gk AR o2 F RS FRS
the unit of 25 psopessiag we@&na&sg BLehentblaple gl gesgr@ﬁgnd%erm i ng

- 168 por i Cal es consecuti ve pi xe 0Sé Vi ng

directl Og%a?t eﬁﬂxéi&%éf@n 1Xgl ¢ OEIESSBQQQJT-Q@ EQckéPﬁ‘?uﬁ&V&ESQ Q@&kground

area of gr ound conponen rmage until the corresponding to

the U@COV§£§§‘1§e@a§¥&EOH@Q & £8ch 065 ndaﬁ@t @épﬁpfégcgﬁévgyﬂm@ﬁzgasposed
in the moving direction starting fromthe pixel corresponding

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

10 Dblock 622.

The frame memory 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.

15 By utilizing the mixture ratio d, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

The synthesizer 603 combines the foreground components

20 of the pixels in the mixed area in frame #n output from the
separating portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The synthesizer 605 combines the background
components of the pixels in the mixed area in frame #n

25 output from the separating portion 601 with the pixels



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, 10 for exanple, the upper left point (which is the
position of the leftnost or the topnost pixel in the inage designated by
the unit of processing A) and the lower 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 nodel-formng portion
802 may store in advance a plurality ofg3rmodel s in accordance with the
nunber of pixels contained in the unit of processing A the nunber of
virtual divided portions of the pixel value in the tinme direction, and the
nunber of foreground c mpQne ts 20 for each pixel. The nodel -form ng
portion SORIYHHH 59 hﬁ“ IF AR TFCR hE° 7 r kP ATV BT WRen the pi xel

val ues and .t he ng%qggound conponents is designated, such as that in Fig.
[

81, base %ﬁ*q?ﬁy_ Tﬁo?ﬁQﬁma%?%%'A and the nunber of virtual divided
Bosumed, Tor Gas oA BRI R domsbt e s PEHE SE5HR ng 1o e unit
of 1 SCCSELAG Al Vo { o 0o, AITUR o RLnU SN MRRLE
| oo AR PEIAO Oy ot ok tde ik B ot eloht Lyves
foreground comenentya ihe SRGANEPIH example 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
10 foreground and the background are separated, and thus, the
pixel values are 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
15 components are set to 0, and the foreground components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the background components are set to 0, and the foreground
20 components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
which are thus maintained.
Fig. 77B illustrates the example of the background

component image corresponding to frame #n in Fig. 73. The

25 leftmost pixel and the fourteenth pixel from the left



fromthe left contains two foreground conponents, the third. pixel from
the left contains three foreground conponents, 10 the fourth pixel fromthe
| eft contains four pixel conponents, the fifth pixel fromthe |eft
contains five foreground conponents, the sixth pixel fromthe |eft
contains five foreground conponents, the seventh pixel from the left
contains five foreground conponents, the eighth 15 pixel fromthe left
contains five foreground conponents, the ninth pixel fromthe |eft
contains four foreground .conponents,idhe-tenth pixel fromthe |eft
contains three foreground conponents, the eleventh pixel fromthe left
contains two foreground conponents, and the twelfth pixel 20 fromthe |eft
contai ns one foreg o d conponent. In%%ead of selecting a nodel fromthe

prestoreac‘?fb%]e?% Yot - IR O E PP B R e HefRr Bi® a nodel based
h it of h ti t

and the URTSHHF 8%% e i Lo P P AR tsactnd iy HOF i on 802

suppl i es g hg se %ﬁﬁée Jgght%“§¥% 50580 qaggtlon generator 803. The

equati on gene enerates an equa I'on based on the nodel supplied

from the nodelpnforyg BO5uAn gﬁ |s,otﬁ|r%?n |tsheg| E‘fq__ l%eel%\%%wﬁt h

reference to the nD t e foregroun conponent shown i

81, of e@&%ﬂ@%&&r@f@a%mgfm@%a%mrﬁ@rfép they nunber
of foreground conponents is 8, the nunber of pixels correspondlng to the
unit of prrCasSdigrdund drde §€Ehf$%bd Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
10 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 pixel values are set to 0.
15 The processing for separating the foreground and the
background executed by the foreground/background separator
105 is described below with reference to the flowchart of
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+1.
In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied

25 from the mixture-ratio calculator 104. 1In step S603, the



amount of nmovenment v is 5. 10 Wen the foreground conponents contained in
the foreground conponent image corresponding to the shutter tinme/v are
FO1l/v through FO8/v, the relationships between FO1/v through FO8/v and the
pi xel values CO1 through Cl2 can be expressed by equations (78) through
(89). 15 Q01 = FO1/v (78) (€02 = FO2/v+FOl/v (79) 03 = FO3/v+F02/v+FA v
(80) Q04 = F04/v+F03/v+F02/v+FAQ v (81) Q05 = FO5/v+F04/v+F03/v+F02/ v+FA v
(82) 20 C06 = FO6/v+F05/v+F04/v+F03/v+F02/v (83) Q07 =

FO7/ v+F06/ v+F05/ v+F04/ v+F03/ v (84) 085 F08/ v+F07/v+F06/ v+FO05/ v+F04/ v
(85) (@09 = FO8/v+F07/v+F06/v+FO5/v (86) Cl10 = FO8/v+FO7/v+F06/v (87) 25
Cll1 = FO8/v+F07/v (88) - 171 Cl2 = F08/v (89) The equation generator 803

generates an equation b npdi fyj ng t generated equatons. The equations
gener at edse%?r‘{‘lﬂ’eo%qialﬁ?%/%%sb%%e&a‘?%lf gg% Af eth R dF eREEYL YT coREtidRs 5 (90)

L OF0G/ v +OROH SEGELRT v 1 O0) X Bo0e A PEL) §+10PB5+ SA0FOST Y TORORHSHERDS) v
+OF06/ v+OEDI ¥ *OFP8LYa {SH) 104.
In step S604, the uncovered area processor 631 extracts
5 the background components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step 8605, the uncovered area processor 631 extracts
10 the foreground components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S606, 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 information and
the mixture ratio .
In step S607, the covered area processor 632 extracts
20 the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.

In step 5608, the synthesizer 633 combines the

25 foreground components of the pixels belonging to the



10 C03 = 1F01/v+10F02/v+1F03/v+0F04/v+OF05/v +0F06/ v+0F07/v+0F08/ v (92)
Q04 = 10FQ1/v+1F02/ v+10F03/ v+1FO4/ v+0F05/v  +0F06/ v+0F07/ v+0OsF08/ v (93)
05 = 10F01/v+10F02/ v+10F03/ v+10F04/ v+10F05/v 15 +0F06/v+0F07/v+09F08/ v
(94) Q06 = 09FA /v+1F02/v+10F03/v+1F04/v+1F05/v +10F06/v+OF07/v+OF08/ v
(95) @07 = OF01/v+0F02/v+10F03/v+1F04/v+1F05/v +10F06/v+10FO7/ v+0F08/ v
(96) 20 C08 = OFA /v+0F02/ v+0F03/ v+10F04/ v+1FO6/ v +1F06/ v+10FQO7/ v+1FQ8/ v
(97) @09 = O0F01/v+0F02/v+0F03/v+0F04/v+10FC6/v +10F06/ v+10FO7/ v+1FQ8/ v
(98) C10 = 09FOL/v+0F02/ v+0F03/ v+0FQ4/ Mg FO5/ v 25 +10F06/ v+10FO7/ v+1FQ8/ v
(99) - 172 Cl1 = O00FQL/ v+0F02/ v+0F03/ v+0F04/ v+0F05/ v

+0F06/ v+10F07/ v+10F08/ v Cl2 = 00F01/v+0F02/ v+0F03/ v+0F04/ v+0F05/ v

+0OF06/ v+0F07/ v+10FQ8/v. (100) ,(101) 5 Equations (90) through (101) can be
expressedPTﬁP%ﬁﬁﬁ§?§ﬁFféfﬁﬁgdcﬁFe j SXLE3CHe FiJr’}vthg processing o

step S605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of step S607. The synthesized foreground

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.

10 In step 8609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered background area extracted in the processing of
step S604 with the background components of the pixels
belonging to the covered background area extracted in the

15 processing of step S606. The synthesized background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
background area supplied via the switch 604 with the
background components supplied from the separating portion

20 601 so as to generate a background component image.

In step $610, 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



1-01 (102) In equation (102), j designates the position of the pixel. In
this exanple, | has one of the values from1l to 10 12. In equation (102),
designates the position of the foreground value. In this exanple, i has
one of the values from1 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. oe ¢ =Eaij Fi [/ v +
ej 1-01 (103) In equation (103), ej designates the error contained in the
desi gnated pixel C. Equation (103) cargpe-nodified into equation (104). oe

20 ej =G - laijFi/v =01 (104) In order to apply the nmethod of |east
squares, the square sumE of the error is defined as equation (105). - 173
12 E =

Yblég ié?ggle to separate the foreground components and the
background components from the input image based on the area
information and the mixture ratio o, and outputs the
foreground component image consisting of only the foreground
5 components and 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

10 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 to 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-of-processing determining portion 801. The area
information supplied from the foreground/background
separator 105 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 positional information thereof, and the area information

and supplies the generated unit of processing to the model-

forming portion 802 and the adder 804.

As shown by an example in Fig. 80, the unit of

25 processing A generated by the unit-of-processing determining



(105) In order to mnimze the error, the partial differential value using
the variable Fk with respect to the square sumE of the error should be O.
Fk is determined so 5 that equation (106) is satisfied. aE 12 aej aFk -ol
aFk j 12 oe (106) 2- {(G - 1: aijFi/v)(-akj/v) =0 j=0l i=01 In equation
(106), since the anpbunt of novenment v is a fixed value, equation (107) can
be deduced. 12 08 lakj(G - EaijFi/v) =0 j=o0l i=0l1l (107) 10 To expand
equation (107) and transpose the terns, equation (108) can be obtained. 12
08 12 2:(a)V. aijFi)=vl:akjg (108) - J-gl 4 =01=01 Equation (108) is
expanded into eight equations by substituting the individual integers from
l1to8into k in 15 equation (108). The obtai ned ei ght equations can be

expressed q¥_one matri x_equation. This equatjon is_ referred,
portion 801 indicates consecutive pixels disposed in the

moving direction starting from the pixel corresponding to
the covered background area of the foreground component
image until the pixel corresponding to the uncovered
5 Dbackground area, or indicates consecutive pixels disposed in
the moving direction starting from the pixel corresponding
to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
processing A is formed of two pieces of data which indicate,
10 for example, the upper left point (which is the position of
the leftmost or the topmost pixel in the image designated by
the unit of processing 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 number of pixels contained in the unit of processing A,
the number of wvirtual divided portions of the pixel value in
the time direction, and the number of foreground components
20 for each pixel. The model-forming portion 802 selects the
model in which the correlation between the pixel values and
the foreground components is 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.



to as a "normal equation". An exanple of the normal equation generated by

the equation generator 803 based on the nethod of |east squares 20 is

i ndi cated by equation (109). =2 Lej - 174 54321 000F0L 45432
100F02 34543210F03. 23454321F04 12345432 F05

01234543F06 00123454F07 00012345F08 r 121 11 E
G 1-07 10 EC i-06 09 EC =v i-05 08

- 169 -

It is now assumed, for example, that the number of
pixels corresponding to the unit of processing A is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of

5 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 contains two foreground components, the third
pixel from the left contains three foreground components,

10 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 components, the eighth

15 pixel from the left contains five foreground components, the
ninth pixel from the left contains four foreground
.components, the tenth pixel from the left contains three
foreground components, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel

20 from the left contains one foreground component.

Instead of selecting a model from the prestored models,
the model-forming portion 802 may generate a model based on
the motion vector and the unit of processing A when the
motion vector and the unit of processing A are supplied.

25 The model-forming portion 802 supplies the selected



(109) ECGC 1-04 07 ECG i-03 06 G 1-02 05 LiJ i 0Olwhen equation (109)
is expressed by AF=vC, C, A and v are known, and F is unknown. A and v
are known when the nodel is forned, while C becones known when the pixe
value 5 is input in the addition processing. By calculating the foreground
conponents according to the normal equation based on the nethod of |east
squares, the error contained in the pixel C can be distributed. The
equati on generator 803 supplies the normal equation 10 generated as

di scussed above to the adder 804. The ggder 804 sets, based on the unit of
processing supplied fromthe unit-of-processing determning portion 801,
the pixel value C contained in the foreground conponent inmage in the matrix

equation su ied fromthe, equation 15 g rator 803. The adder 804
suppl i es T?égimﬁ?i%Pi?ﬂ%@ﬁ%ﬁP-gﬁﬁ%ra%%% %&iel value Cis set to a

cal cul at or 80%he equation generator 803 generates an equation based
on the model supplied from the model-forming portion 802. A
description is given below, with reference to the model of

5 the foreground component image shown in Fig. 81, of

equations generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels
corresponding to the unit of processing A is 12, and the
amount of movement v is 5.

10 When the foreground components contained in the
foreground component image corresponding to the shutter
time/v are F0l/v through F08/v, the relationships between
FO0l/v through F08/v and the pixel values C0l through Cl2 can

be expressed by equations (78) through (89).

15 C01l = FOl/v (78)
C02 = F02/v+F0l/v _ (79)
C03 = F03/v+F02/v+F01lv (80)
C04 = F04/v+F03/v+F02/v+F0lv (81)
C05 = F05/v+F04/v+F03/v+F02/v+F01lv (82)
20 C06 = F06/v+F05/v+F04/v+F03/v+F02/v (83)
C07 = FO07/v+F06/v+F05/v+F04/v+F03/v (84)
C08 = F08/v+F07/v+F06/v+F05/v+F04/v (85)
C09 = F08/v+F07/v+F06/v+F05/v (86)
Cl0 = F08/v+FQ07/v+F06/v (87)

25 Cll = F08/v+F07/v (88)



The cal cul ator 805 cal cul ates the foreground conponent Fi/v from which

noti on bl

sweep-out nethod (Gauss 5 Jordan elimnation),
corresponding to i indicating one of the integers froml to 8, which is

t he pixel

ur

value fromwhich notion blur is elimnated

then outputs the foreground conponent imge consisti
Fi without notion blur, such 10 as that in Fig. 82, t

806 and a

sel ector 807. In the foreground conponent

blur shown in Fig. 82, the reason for setting FOL th
t hrough C10,

foreground c

t hrough FO8

is able to adj
whi ch notion

novenent
adj ust ed,

anount of “nbvenen

respectively, is not to change the posit
2&3_ ent_ | 1ge with respect to the screen

e i‘n any desired positions. The

% 8 A MR L e 0

is elimnated by the processing based on a solution, such as a
SO as to obtain Fi "

. The cal cul ator 805

ng of the pixel val ues

0 a notion-blur adder

i mge w thout notion

rough FO8 in Q03

ion 15 of the

. However, FO1
nmotB8h- bl ur adder 806

t he amount v' by
SISt of

B0 KO R feo e GO, Duob e TR0 BLUCLEs
amount v Pl SRV L5 o) Ut e dbllel sy Sghavall, Lo the

exanpl e, as snown I n

adder 5806( &) diydgas teyf oreground pixel value Fi w thout motion blur by -
176 the anmount v'~ by which notion blur is adjusted s

f or egr oungh £ anpoizent/Rigder02 /THeeFOB Y OROOF O /v+0eF05 /v

10
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20

25

co2

Cco3

co4

C05

Cco6

Cco7

cos8

co9

C1l0

+08F06/v+0eFQ7/v+0eF08/v
1eF01/v+1eF02/v+0eF03/v+0eF04/v+0eF05/v
+00F06/v+0eF07/v+0eF08/v
1eF01l/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v
+00F06/v+00FQ7/v+0eFQ08/v
1eF01/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
+00F06/v+08FQ07/v+0eF08/v
18F01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+0F06/v+08F07 /v+08F08 /v
OeF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+1eF06/v+00F07/v+0eF08/v
O0eF01/v+0eF02/v+1eF03/v+1eF04/v+1eF05/v
+18F06/v+1eF07/v+0eF08/v
0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v
0eF01/v+0eF02/v+08F03/v+0eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v
QeF(01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v

+18F06/v+1eF07/v+1eF08/v

0 as to obtain the
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(91)

(92)

(93)

(94)

(93)

(96)

(97)

(98)

(99)



adder 806 then cal cul ates the sum of the foreground conponents Fi/v',

t hereby generating the pixel value in 5 which the amount of notion blur is
adj usted. For exanple, when the anount v' by which notion blur is adjusted
is 3, the pixel value G2 is set to (FO1)/v', the pixel value C3 is set
to (FO1+F02)/v', the pixel value C04 is set to (FO1+FO02+F03)/v', and the
pi xel value Q05 is set to 10 (FO2+FO03+F04)/v'. The notion-blur adder 806
supplies the foreground conponent inage in which the amount of notion bl ur
is adjusted to a selector 807. The sejector 807 selects one of the
foreground 15 conponent inmage w thout notion blur supplied fromthe

cal cul ator 805 and the foreground conponent i mage in which the anmount of
not i on qur is adjus supp/ i on- bl ur adder 806 based on a

ed
sel ecti orc st ghadf *F V*@[’W&/Vé“o §8?/¥+QéF%?D691'F%§‘/d" outputs the sel ected
f d 20 t d b th t
b ot ng unit 308" Fe" abl e teEe RV Lr hotion bl b O®hsed on
th I bl dj ust ed.
25 o, (bt exTiid v AEQ70R ﬁﬁ%ﬂééﬁgr%%‘"?é@ B4 o fesponding <ot he
unit of proce55|ng is 8, and qﬂ%07?&gqqﬁg gt vV is 4, ?f pomn in

Fig. 84, the notion-Dblur adeStl unit gene ates a natrlx equati on
expre%sed by Equations (90) through (101) can be expressed by

equation (102).

08
> aij-Fi/v (102).

1=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. 1In equation (102), i designates the position of the
foreground value. In 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.

> aij-Fi /v + ej (103)

i=01

In equation (103), ej designates the error contained in
the designated pixel Cj.

Equation (103) can be modified into equation (104).

08
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 (110). r Oe | YOG 543210 34321 23432 12343 0
1234FOL FO2 FGB FO4 FOB =v i=05 07 E G (110) 1-04 06 E G i-03
D5 EC i-02 04 ‘
- 173 -
12
E = ) ef (105)

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.

OE ) & O]
k2% ok
12 08 (106)
=2-2(Ci- Qaij Fi/ v (akj/v) =0
j=01 1=01
In equation (106), since the amount of movement v is a
fixed value, equation (107) can be deduced.
12 08
dakj-(Ci- D aij-Fi/w =0 (107)
j=01 i=o01
10 To expand equation (107) and transpose the terms,
equation (108) can be cbtained.
12 08 12
S(akj-Y aij-Fi)=vY aki-Ci (108)

/=01 1=01 /=01

Equation (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 equation".
An example of the normal equation generated by the
equation generator 803 based on the method of least squares

20 is indicated by equation (109).



[Eci 1i=01 1 In this manner, the notion-blur adjusting unit 106 cal cul ates
Fi, which is the pixel value in which the amount of notion blur is

adj usted, by setting up the equation in accordance with the length of the
unit of processing. 10 Simlarly, for exanple, when the nunber of pixels
contained in the unit of processing is 100, the equation corresponding to
100 pixels is generated so as to calculate Fi. Fig. 85 illustrates an
exanpl e of anot her configuration of the notion-blur adjusting unit 106.
The sane elenents as 15 those shown-iiy4ig. 79 are designated with |ike
reference nunerals, and an explanation thereof is thus omtted. Based on a
selection signal, a selector 821 directly supplies an input notion vector
and a positional signal thereof to tHedunit-of-processing determning
portion 801 - 178 and the nndel-forniﬁgfﬁértion 802. Alternatively, the
sel ector 821 may substitute the magnit{d® off the notion vector by the
anount v' by which notion blur is adjusE?@i and then supplies the notion
vector ants thespagsiiigna §Tgbgnal thgredf to the unit-of-processing

det er m nijn ortion 801 andl the nodel|-Eorming unit 802. Wth this
arrangeneﬁ?, t e unft 2ofQ pP p€8Esi ng deLeFini ng portion 801 through the
cal cul at dr3 8§550f4 the2 not pdrebl ur adjdafing unit 106 shown in Fig. 85 are

\1>4

able to 1% qgjﬂs%5t2e3aqPUf1F8z notiorigigﬁ in accordance with the
123454321?05=V'§:Ci (109)
01 2 3 45 4 3{F06 L=04
00123 45 4|F07 Y oci
0 001 23 4 5|F08] toed
ci

When equation (109) is expressed by AeF=veC, 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 pixel value

] is input in the addition processing.

By calculating the foreground components according to
the normal equation based on the method of least squares,
the error contained in the pixel C can be distributed.

The equation generator 803 supplies the normal equation

10 generated as discussed above to the adder 804.

The adder 804 sets, based on the unit of processing
supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component
image in the matrix equation supplied from the equation

15 generator 803. The adder 804 supplies the matrix in which



amount of novenment v and the amount v' by which notion blur is adjusted.
For exanple, when the anmount of novenent is 5, and the anount v' by which
notion blur is adjusted is 3, the unit-of-processing determ ning portion
801 through the 15 cal cul ator 805 of the notion-blur adjusting unit 106
shown in Fig. 85 execute conputation on the foreground conponent inmage in
whi ch the anmount of novenent v is 5 shown in Fig. 81 according to the
nodel shown in Fig. 83 in which the anount v' by which notion blur is
adjusted is 3. As a 20 result, the i4ages containing notion blur having the
amount  of anenent v of (anmount of novenent v)/(anmount v' by which notion

blur is adjusted) = 5/3, i.e., about 1.7 is obtained. 1In this case, the
cal cul at ed i nage does. not _cont ai tion cor pondi ng to the anount
of novene d? g V%%“%@%otﬂlﬁﬁgy ? gﬁ%atﬂaﬁarnéﬁgd that t he

rel ati onship 179 _.between movement v he ampunt, v' by
whi ch nntionqﬂunQ%FQ%ﬂ éﬁe ?Q%ﬁ%ﬁﬁ ?q?néﬁﬁﬁg {CYPPIHE T

oL on- bl BOeLy 300 s 9t§8HS§fgrapgvshttﬁ?ggghgy @tgr,?egtg;s;mg uni t

106 5 generates LT on 1 n-accor dance i ment v

and the U@Aée@fo&rgcﬁéfﬁEQQnanguéﬁtésths@éé Lougaﬁgeﬁ?gf(éggsgoreground

conponent image I n the generated equation, thereby calculating the
foreg@ounﬂoeeapoefﬂtlﬁgegen)Ins&hasht@h@beapﬂnflotoﬂpésﬁan@tﬁg ts adjusted.

10 The processing for adjusting the anobunt of notion blUr contained in the
f or egr oungh €0EPENEPt o h 8BGE EXECHLLEGOYst PBom 1 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
consisting 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 foreground component image without motion blur
shown in Fig. 82, the reason for setting FO0l through F08 in
C03 through C10, respectively, is not to change the position
15 of the foreground component image with respect to the screen.
However, F0l through F08 may be set in any desired positions.
The motion-blur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur
is adjusted, which is different from the amount of movement
20 v, for example, the amount v' by which motion blur is
adjusted, which is one half the value of the amount of
movement v, or the amount v' by which motion blur is
adjusted, which is irrelevant to the amount of movement v.

For example, as shown in Fig. 83, the motion-blur adder 806

25 divides the foreground pixel value Fi without motion blur by



nmotion-blur adjusting unit 106 is described belowwth reference to the
flowhart of Fig. 86. In step S801, the unit-of-processing determning 15
portion 801 of the notion-blur adjusting unit 106 generates the unit of
processi ng based on the notion vector and the area information, and
supplies the generated unit of processing to the nodel-formng portion
802. In step S802, the nodel-form ng portion 802 of the 20 notion-blur
adjusting unit 106 selects or generates the nodel in accordance with the
anount of novenent v and the wunit of precessing. In step S803, the
equation generator 803 generates the normal equation based on the sel ected
nodel . 25 In step 8804, t he adder 804 sets the pixel val ues of - 180 the

f oregroun one t_jnmage in ener ed nor ation. |n step S805,
e’ Sdder CBBABRTEE oY heB? wbt R hanp?iar 031 GRausfeHFo R Fhxel <
correspon .1o,_{he yni PL n te set f |t I s_determ ned that
t he pixelg%El léu%% o a?%r?ﬁ%dplgé S c%grgs ondlnaf'1 P %Oﬁnﬁé

brocessi ngadee 96k Vba SEL1 cLELBEOPRSSSLRL Y nﬁhgof§%s§r§§g and the

processing for settirn ues-rn e normal ~équation is repeated.

If it is 98&5&%@@9 H\/étept§épéb§-ha&nwstphéelchga{ay@él &9]11{2& gLl the

pi xel s corresponding to the unit of “processing are set, e process
proceeds Jv@léltie@h§891§our|r@ SEeRo 5808, p1tibeisakgyiated . 80{50?%%!&1@185 t he

pi xel val ues of the
when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (F0l)/v', the pixel wvalue C3
is set to (FOl1l+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the pixel value C05 is set to
10 (FO2+F03+F04) /v'.

The motion-blur adder 806 supplies the foreground
component image in which the amount of motion blur is
adjusted to a selector 807.

The selector 807 selects one of the foreground

15 component image without motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adder 806 based on a selection signal reflecting
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



foreground in which the amobunt of notion blur is adjusted based on the
normal equation in which the pixel values are 15 set supplied fromthe
adder 804. The processing is then conpleted. As discussed above, the
notion-blur adjusting unit 106 is able to adjust the anount of notion blur
of the foreground image containing notion blur based on the notion 20
vector and the area information. That is, it is possible to adjust the
anount of notion blur contained in the pixel values, that is, contained in
sanpled data. Fig. 87 is a block diagremi4lustrating another exanple 25
of the configuration of the notion-blur adjusting unit 106. - 181 The
notion vector and the positional information thereof supplied fromthe
noti on de 02.are_supplied.to unit-of -processing.determnin
portion 9 ﬁf%é%?é&&%ﬂ?u%?i gep%?%lo%§9559c%%%l%$ehsiifo?ﬁ%t?%ﬁ %ﬂ%b??ed
fromthe ¢l fyling unjt i8S i t h nit-of - processing
detern1niﬁgqﬁ%$%¥%ﬁ€§%l¥éT%é ?%r%%?gﬁnf C%P bnggt ?%%dgogﬁﬂ% Pi%g fromthe
foregrou : LS ) a . The
i o P T e P Prbre ST PR cemef Pl gt B e 1Y
processi gy ide bepds, of the notion vector, the positional information

t hereof, and the area information and supplies the generated unit of

processing, together with thelr Eqn vector, to a nodel -form ng portion

. Ci
i ik

4 3 2 1 0frFo1 Y ci
3 4 3 2 1fF02 Lm04

5 |23 43 2|F03|=v-|) ci (110)

1 2 3 4 3|F04 35

0 1 2 3 4]F05] ZCi
1;22

Y. ci

L.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 adjusted, 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 unit of processing is 100, the equation corresponding
to 100 pixels 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
numerals, and an explanation thereof is thus omitted.

Based on a selection signal, a selector 821 directly
supplies an input motion vector and a positional signal

thereof to the unit-of-processing determining portion 801



902. 15 The nodel -form ng portion 902 forns a nodel based on the notion
vector and the input unit of processing. Mdire specifically, for exanple,
the nodel -form ng portion 902 nay store in advance a plurality of nodels
in accordance with the nunber of pixels contained in the unit of
processing, 20 the nunber of virtual divided portions of the pixel value in
the tinme direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 selects the nodel in which the
correl ati on between the pixel values-anmg +he foreground conponents is
designated, such as that in Fig. 25 88, based on the unit of processing and
the nunber of - 182 wvirtual divided portions of the pixel value in the

tinme dlrg 'Qﬁe % éf—90¥ﬁ$§%$§§9tlo angkfsﬁ%gg%%“% Yth er of pixels

correspon ng to the uni 2essth Qnmount  of

rr.Dverrent d%/v:!.%C'é rT@?f mésbes ngggltugé ﬁ 81'1;.{'.19” O‘Eﬁ%zm% e pumber of

vi rtual ed portrons 1<59% Fo %?ght types

of foreground, coIPEAEN rﬁoﬁﬁttpatb%h&lﬁgﬁ?ﬁ% E'gﬁlrlgg'tgafﬁs&gg

f oreground conponent, the second pf x ele cont ai ns" two

f or egr oungh g opponNENtSp1 1 &' Emrﬂoeiefﬁlvéee&tm eq? GOPLALRS three

f oreground conponent's, the fourth pixel fromt contalns four pixe
conposent §ighde Ehéﬁ&bfptdeihér@ﬂ1€h§fl§féc89§1§§n§e£é¥£159ﬂ§gﬁgyagon

conponents, the sixth pixel fromthe left contains five foreground
801 and the model-forming unit 802.

With this arrangement, the unit-of-processing
determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 106 shown in Fig. 85 are able to

10 adjust the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,
and the amount v' by which 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 according to the model shown in fig. 83 in which the
amount v' by which motion blur is adjusted is 3. As a

20 result, the image containing motion blur having the amount
of movement v of (amount of movement v)/ (amount v' by which
motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.
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



15 conponents, the seventh pixel fromthe left contains five foreground
conponents, the eighth pixel fromthe left contains five foreground
conponents, the ninth pixel from the left contains four foreground
conponents, the tenth pixel fromthe left contains three foreground
conponents, 20 the eleventh pixel fromthe left contains two foreground
conponents, and the twelfth pixel fromthe left contains one foreground
conponent. Instead of selecting a nodel fromthe prestored nodels, the
nodel -form ng portion 902 nmay generat g a nodel based on 25 the notion
vector and the unit of processing when the notion - 183 vector and the
unit of processing are supplied. An equation generator 903 generates an

tion based the nodel lied from t del - f or i tj qn 902.
A dascri gis SIS TR GIUHE 98 (ROYEIEr o THE STl vy (GHGY ound

caut i on T R0Rt by & 10 SO0 | o SOREFATEY GOT o 1 RE Harbe oY

foregrou oM ts.iS.8 he nunber of pixels corresponding to the
unit of g&g%gésiggﬁ?§§¥%$ra%9 t he amount of novement v is 5. 10 Wen the

f ; t ! _ | | !
cor  aspondi ng o TS ABUR e G A S Fos A e
rel at son%ur%rélf‘édy% QM 3 ST oyahe FORA ¥ A0, DL eLny 8 HEen Y t hrough C12

can be expressed by equations (78) through (89), as stated above. 15 By
consi der i drigh Pixedny at pesutile b kddesd g Pi a8l 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.

10 The processing for adjusting the amount of motion blur
contained in the foreground component image executed by the
motion-blur adjusting unit 106 is described below with
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 based on the motion vector and the
area information, and supplies the generated unit of
processing to the model-forming portion 802.

In step S802, the model-forming portion 802 of the

20 motion-blur adjusting unit 106 selects or generates the
model in accordance with the amaunt 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 S804, the adder 804 sets the pixel values of



val ue Cl1
equati on
foregrou

2 contains only the foreground conponent FO08/v, as expressed by
(111), and the pixel value Cl1 consists of the product sum of the

nd conponent F08/v and the foreground conponent FO7/v.

Accordi ngly, the 20 foreground conponent FO7/v can be found by equation
FO8/v = C12 (111) FO7/v = Cl1-C12 (112) Simlarly, by considering
the foreground conponents contained in the pixel values Cl10 through C01,

(112).

the 25 foreground conponents F06/v through FO1l/v can be found by -

equations (113) through (118), respectisgely. FO6/v = C10-d 1 (113)
(114) FO04/v = C08-C09 (115) 5 FO3/v = C07-C08+C12 (116) FO2/v =
Cli-C12 (117) FO1/v = C05-C06+C O Cll (118) The equation generator

C09- C10

C06- CO7+
903 gene
the diff
equati on
generate

from 15

eF_RcECIeehR
p s auti s s o ERE b R v N et b TS e

rates.the equations for _calculating the foreground. conmponents by
N ¢ Pad ByimaL

eTOTRPI ket MIAF Utk TA8 FRUFER

184

FO5/ v

he

ol I ' ' : i l'i ed
rom 15 TRe Uil oh SEneraror o0i oBr ReLt o abr aPROTHARE R PRE e ' ©

conponent $¢ Basede 09 A hea £GUALE ONSTEN; Whi ghatherRiXeh YRLFCShe pixel

5

10

15

20

25

values of all the pixels corresponding to the unit of

processing are not yet set, the process returns to step S804,

and the processing for setting the pixel values in the
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
set supplied from the adder 804. The processing is then
completed.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur of the
foreground image containing motion blur based on the motion
vector and the area information.

That is, it 1s possible to adjust the amount of motion
blur contained in the pixel values, that is, contained in
sampled data.

Fig. 87 is a block diagram illustrating another example

of the configuration of the motion-blur adjusting unit 106.

exanpl es of



are set. For exanple, when equations (111) through (118) are supplied from
t he equation generator 903, the calculator 904 sets the pixel values C05
through C12 in equations (111) 20 through (118). The cal cul ator 904

cal cul ates the foreground conponents based on the equations in which the

pi xel values are set. For exanple, the calculator 904 cal cul ates the
foreground conponents FO1/v through FO8/v, as shown in Fig. 89, based 25
on the cal cul ations of equations (111) through (118) in - 185 which the

pi xel values CO5 through Cl2 are set- 1ildue - cal cul ator 904 supplies the
foreground conponents FO1/v through FO8/v to the adjusting portion 905.
The adjusting portion 905 nultiplies the foreground 5 conponents supplied

f th | cul at 904 by th t of. t tajined ip th
moti on veRtOrmRTapH | K FIDM T Ret TP eS bFL POk obef et &P EATHY bor t i on 901
SO as to sg‘plg in dtpe foEﬁgrlgg{ld rE’i gJC g@&yefoér m. whi hlrm%i on blur is

ed. éﬂle Wire When -t e % k: bonentd g’

el i m nat or “exanpl e; or eground” cormpone %%17v t hr ough

it pi e EAEPO LA oC O SaLEM A e Borea B0 00 114 AR BBLISEI T re
amount of, SOVEIRM0Y,  iné axds BRréAnd LLOP A1 el LS OO piye! val ues

FOL through FO8 from which notion Is e nated, as shown 15 in Fig.

90. The aghdisi f;ﬂﬁxf%ﬂi@nl@ﬁ)f’i{éuﬁpﬂnﬂ)?ﬁe& heo f-oRegERUAL, £ COPPONSHE nd; MRge
consi sting of t’he Toreground pixel ‘val ues
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

10 generates the unit of processing on the basis of the motion
vector, the positional information 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 the input unit of processing. More
specifically, for example, the model-forming portion 902 may
store in advance 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 wvalue in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 selects the
model in which the correlation between 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



wi t hout notion blur cal cul ated as descri bed above to a notion-blur adder
906 and a selector 907. 20 The notion-blur adder 906 is able to adjust
anount of notion blur by using the amount v' by which notion blur is
which is different fromthe anmount of novenent v, for exanple,

adj ust ed,
t he anpbunt V'

of the anobunt of 25 novenent v, or the anount v' by which notion blur
186 adjusted, which is irrelevant to the anount of novenent v. For

exanpl e,

as shown in Fig. 83, the notipgp blur adder 906 divides the

t he

by which notion blur is adjusted, which is one half the val ue

is -

foreground pi xel value Fi wi thout notion blur by the anmount v' by which
ur is adjusted so as to 5 obtain the foreground conponent Fi/v'.
The notion:b] ur dder 906 then cal cu]l ates,.the sum of ,the foreground

Component CiprieL fYEied Poehivaf rob the el TAIE +h Skl L ne amount

of notion,blur is adjusted. For exanple, when the anount v' by which

noti on bl

noti on bI%+r?%t

t he pi xel

val | S se FOl1+FO ‘ot i v e C04.is set
(FO1+F02+F03) ;&Sc' ,qgsar{{c?%f haestspultrﬁee(f’ va J:e ll%’ s‘e%faaé étq{e( ﬁ?@hfo%&fo@ /v .

not i on- bl

t he anoun
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supplied

10

15

20

fromthe

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
contains two foreground components, the third pixel from the
left contains three foreground components, 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 components, the eighth pixel from the left
contains five foreground components, the ninth pixel from
the left contains four foreground components, the tenth
pixel from the left contains three foreground components,

the eleventh pixel from the left contains two foreground

components, and the twelfth pixel from the left contains one

25

foreground component.
Instead of selecting a model from the prestored models,
the model-forming portion 902 may generate a model based on

the motion vector and the unit of processing when the motion

h%TUSted is 3, 10 the pixel value C02 is set to (FO1)/v'

to
The

ect or 9§€Fl%ggg§%:2c3210h



adj usting portion 905 or the foreground conponent inmage in 20 which the
anount of notion blur is adjusted supplied from the notion-blur adder 906
based on a selection signal reflecting a user's selection, and outputs the
sel ected foreground conponent inmage. As discussed above, the notion-blur
adjusting unit 106 25 is able to adjust the anmount of notion blur based on
the - 187 selection signal and the anmount v' by which notion blur is

adj usted. The processing for adjusting the anmount of notion blur of the
foreground executed by the notion-bluriggljusting unit 5 106 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

nntion-blyr gd%ustin unit.%OG generates_ _the unit gf rocessi ng based on
the motioh° Vet ot "And T he 1b Qf B PRFSFHRTI DR BREP hﬁgries t he generated
unit of processi t.o the nmodel.- f ordp ortion 902 and t.he .adjusting
portion 905. %ﬁn St pa%,gﬁee%rﬁ)o elﬁ%%n&neggéptoers[ iTh G821 t‘Pea‘J’eé

o on-bldt oL URLAR0 WILL: 108 PELECLE, OhaBENCEALER, L heo10; gpih, according

to the anou novene pr ocess Step~S903, the

equation generat{rs 903+ QDT ates, Pasgd %Erheregf‘é%%@éj 1 (ggherated
nodel , the equations for calculating the foreground conponents by the
di f f emencro bl Yeeh fHLePI@hd VbHESNOAL NRa§OE CGROMATin Figs. 88
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.
10 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
FO0l1/v through F08/v and pixel values C0l1 through Cl2 can be
expressed by equations (78) through (89), as stated above.
15 By considering the pixel values Cl12 and Cll, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equation (111), and the pixel value Cl1
consists of the product sum of the foreground component
FO08/v and the foreground component F07/v. Accordingly, the
20 foreground component F07/v can be found by equation (112).
F08/v = Cl12 (111)

FO7/v

Cl1l-cCl12 {(112)
Similarly, by considering the foreground components
contained in the pixel wvalues Cl0 through C01, the

25 foreground components F06/v through F0l1/v can be found by



20 component image. In step S904, the cal culator 904 sets the pixel values
of the foreground conponent inmage in the generated equations, and extracts
t he foreground conponents by using the difference between the pixel values
based on the equations 25 in which the pixel values are set. In step S905,
the - 188 calculator 904 determ nes whether all the foreground conponents
corresponding to the unit of processing have been extracted. If it is
determ ned that all the foreground conponents corresponding to the unit of
processi ng have not 5 been extracted, tdw process returns to step S904, and
the processing for extracting the foreground conponents is repeated. I|f
it is determned in step S905 that all the foreground conponents
corresponding to the unit of 10 processi ng have, been extracted, the process
proceeds ?%P%%%%PSS@b%?’|Eh§?%%hséb%§)th5 MFTETYRYY porti on 905 adj usts
each of the for rqygﬂ_qp onents FO1/v through FO08/v s?ggéhed fromthe
cal cul ator 90 sed ¢ nmount of novenent v so as t tain the

f oreground piﬁﬁh¥§€tégggfgﬁﬁy t hrough FO08/v 15 fron1mhicgﬁg?gion blqr is

elimnated. In’s e noti on-blur adder 906 calc s the

f oreground pi |_u i1 ich the anount of notion bl I s adjusted,
and t he sel ec;%?r‘l}é%? gdegdg]t he i mage without notion bll(lg%szjr the inmage in

whi chst he anmoyis Qf JtgArdY 44120 is adjusted, and out pygsgyhe sel ected
i mge. The processing

F02/v = C06-C07+C11-C12 (117)
FOl/v = C05-C06+C10-C11 (118)
The equation generator 903 generates the equations for
calculating the foreground components by the difference
10 between the pixel values, as indicated by the examples of
equations (111) through (118). The equation generator 903
supplies the generated equations to the calculator 904.
The calculator 904 sets the pixel values of the
foreground component image in the equations supplied from
15 the equation generator 903 so as to obtain the foreground
components based on the equations in which the pixel values
are set. For example, when equations (111) through (118)
are supplied from the equation generator 903, the calculator
904 sets the pixel values C05 through Cl12 in equations (111)
20 through (118).
The calculator 904 calculates the foreground components
based on the equations in which the pixel values are set.
For example, the calculator 904 calculates the foreground
components F01l/v through F08/v, as shown in Fig. 89, based

25 on the calculations of equations (111) through (118) in



is then conpleted. As described above, the notion-blur adjusting unit 106
configured as shown in Fig. 87 is able to nore speedily .adjust notion blur
of the foreground i mage containing notion 25 blur according to sinpler
conmputations. - 189 A known technique for partially elimnating notion
blur, such as a Wener filter, is effective when being used in the ideal
state, but is not sufficient for an actual 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 suffggiently effective for an actual

i mage quantized and containing noise. It is thus possible to elimnate
notion blur with high precision. As described above, the separating portion
91, which

ot on b|mﬁnS«a}aﬁ?@%ﬁé&*?#rf%ﬁ?ﬁéﬁ?%h@gﬁgﬁ. G2 %%‘{e‘sg‘f% bi ok agram
por 1 on o5 o TRELoF cophe BoaPkt B, s Frbel-bHBE CPloRrgh S BFEMS Y
de5|gnape€ %6&£%IF5§/6eEgrgﬂ a gg§£§%§i8§pglgg géglanatlon t hereof is

thus omt e area s eC| suppl i es area information to

the m xture-r 4. ture-ratio
afy O pafﬂ s ﬁ] pci'xoclc?:{‘cbc?s S D651 Z88 g(:?le%nd(;(

cal cul ator 104 su e mxture 20 ratioa to the fore backgr ound
separ af or cdRBoRBt s heupsynthestgRr t480dalculator 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

10 FO0l/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components F0l/v through F08/v by the amount of movement v,
i.e., 5, so as to obtain the foreground pixel wvalues F01
through F08 from which motion blur is eliminated, as shown

15 in Fig. 90.

The adjusting portion 905 supplies the foreground
component image consisting of the foreground pixel values
without motion blur calculated as described above 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



The foreground/ background separator 105 supplies the foreground conponent
image to the synthesizer 1001. The synthesizer 1001 conbines a certain
background 25 image with the foreground conponent inage supplied fromthe -
190 foreground/ background separator 105 based on the mxture ratio (X
supplied fromthe m xture-ratio calculator 104 and the area information
supplied fromthe area specifying unit 103, and outputs the synthesized
image in which the certain 5 background i mage and the foreground conponent
imge are conbined. Fig. 93 illustratesgs the configuration of the

synt hesi zer 1001. A background conponent generator 1021 generates a

backgr ound conponent i mage based on the mxture 10 ratio (x and a certain

back d | t b d t
maiegrQ?‘Qaadq'% 1, AR T irrath (0 THEOHR R ot PR ey
th { 1022_conpi th t i ed
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suppl i es eS|zed I g e to a
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f oreground 20 conponent 1 nage, nlxe area synt hesized i nage supplied

from ghe gixet; afea- # SBLSr SYAd F@&h&mnwy@n 1022 mgﬁﬁol&frta' n

background i mage based on the area information so as
adder 206 then calculates the sum of the foreground

components Fi/V', thereby generating the pixel value in
which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
10 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 to
(FO1+F02+F03) /v', and the pixel value C05 is set to
(F0O2+F03+F04) /v
The motion-blur adder 906 supplies the foreground
15 component image in which the amount of motion blur is
adjusted to the selector 907.

The selector 907 selects either the foreground
component image without motion blur supplied from the
adjusting portion 905 or the foreground component image in

20 which the amount of motion blur is adjusted supplied from
the motion-blur adder 906 based on a selection signal
reflecting a user's selection, and outputs the selected
foreground component image.

As discussed above, the motion-blur adjusting unit 106.

25 1is able to adjust the amount of motion blur based on the



to generate a synthesized i mage, and outputs it. As discussed above, the
synt hesi zer 1001 is able to 25 conbine the foreground conponent imge with
a certain - 191 background image. The inmage obtai ned by conbining a ‘
foreground conponent inmage with a certain background i mage based on the

m xture ratio a, which is the feature quantity, appears nore natural 5
conpared to an i nage obtained by sinply conbining pixels. Fig. 94 is a

bl ock diagramillustrating another configuration of the function of the
separating portion 91. The separatiqag gpriion 91 shown in Fig. 9
sequentially perfornms the area-specifying operation and the cal culation 10
for the mxture ratio a. In contrast, the separating portion 91 shown in
Fig. 94 sinmultaneous| rfor the area-specifying operation and the
calculati%%y?% l?%eSl%?gfu?%dgg??oa%9u&ﬂevfu%%tV%h%ﬁ %gEh%ﬂtEl%an?ar to

t hose indé&gﬁggegy 15 the block of Fig. 9 are indicated by |like reference
nuner al s, nd an’ expl anation thereof is thus omtted. An input inmage is

liedt - N ; f d/ back d
Separator 110379 POt & HEAGA e SRR ng
it 101. ] = ' t . cal.cul at .. th
mput e, SR St HAT A T STiee Tl ohonen T S S BRRR e

pi xel scont @ Nesh iy hea | HPUEn6WRIEN PELONTS7 19 dbE-FONES e PRFKILOYND area,
and the estimated m xture
reference to the flowchart of Fig. 91.

In step S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 106 generaﬁes
the unit of processing based on the motion vector and the

10 area information, and supplies the generated unit of
processing to the model-forming portion 902 and the
adjusting portion 905.

In step S902, the model-forming portion 902 of the

motion-blur adjusting unit 106 selects or generates the

15 model according to the amount of movement v and the unit of
processing. In step 5903, the equation generator 903
generates, based on the selected or generated model, the
equations for calculating the foreground components by the
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 equations,

and extracts the foreground components by using the

difference between the pixel values based on the eqguations

25 in which the pixel values are set. 1In step S$905, the



ratio when it is assuned that each pixel contained in the 25 input inage
bel ongs to the uncovered background area, and - 192 supplies the estinated
m xture ratios cal cul ated as described above to the foreground/ background
separator 1102. Fig. 95 is a block diagramillustrating an exanple of the
configuration of the mxture-ratio calculator 1101. 5 An

estimated-m xture-rati o processor 401 shown in Fig. 95 is the sane as the
estimated-m xture-ratio processor 401 shown in Fig. 54. An

estinmated-m xture-rati o processor 402 1ghaown in Fig. 95 is the sane as the
estimated-m xture-ratio processor 402 shown in Fig. 54. 10 The

estimated-m xture-rati o processor 401 calculates the estinmated m xture
ratio for Qﬁch gixel $% éhe conmput ati on corresponding to a nodel of the
covered TRACKYrotMd A58 ER RS RS Fhght 2t halRe SRBCStRPREs t he

cal cul ate stimated mxture ratio, 15 The estipated-m xfure-ratio

pr ocessorg%ﬁﬁo%%ﬁ%%l AL SR AR E%ttg}de n‘i‘%ﬁr%g?%‘f?%eT%Jrn%a%‘ﬁV%i R&f by the
conput at i ponding, to_a | . of .the uncovered _background area
based on é&%%%%§'i2g%e?taﬁ% S %ﬁ S ?%eph%gl%ﬁraﬁ%ﬁ ERTFARL S ni xt ur e
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T ess DS SeLepalen Werpllolds SRR, Llo SR b g7 L0 (1
t he EStirﬁﬁéﬁkssing for extracting the foreground components is
repeated.

If it is determined in step S905 that all the
foreground components corresponding to the unit of

10 processing have been extracted, the process proceeds to step
S906. 1In step S906, the adjusting portion 905 adjusts each
of the foreground components F01l/v through F08/v supplied
from the calculator 904 based on the amount of movement v so
as to obtain the foreground pixel values FOl/v through F08/v

15 from which motion blur is eliminated.

In step S907, the motion-blur adder 906 calculates the
foreground pixel values in which the amount of motion blur
is adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur

20 is adjusted, and outputs the selected image. The processing
is then completed.

As described above, the motion-blur adjusting unit 106
configured as shown in Fig. 87 is able to more speedily
adjust motion blur of the foreground image containing motion

25 blur according to simpler computations.



25 m xture ratio calculated when it is assuned that the pixel - 193

bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal culator 1101, and the area information supplied fromthe area ‘
speci fying unit 103, and supplies the generated foreground conponent inage
to the notion-blur 5 adjusting unit 106 and the selector 107. Fig. 96 is a
bl ock diagramillustrating an exanple of the configuration of the

f oreground/ background separator 1102. The elenents simlar to those of the
10 foreground/ background separator 105 &hown in Fig. 71 are indicated by

| i ke reference nunerals, and an explanation thereof is thus omtted. A

sel ector 1121 selects, based on the area information supplied fromthe

i fyi it 10 ither the 15, ' d,.m_xt t,i | cul at ed
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1101, and supplies the selected estimated m xture ratio € separating

Fon | orechleteidle s ditEalig Spudbe ertaLR e Lion hed el
val ues oftide Pl ehst Reh-NDAtadPud PEnd el 31 G8 H&SLIgRPed as shown
in Fig. 87 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
eliminate motion blur with high precision.
As described above, the separating portion 91, which is
10 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 portion 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 area information
to the mixture-ratio calculator 104 and a synthesizer 1001.
The mixture-ratio calculator 104 supplies the mixture
20 ratio a to the foreground/background separator 105 and the
synthesizer 1001.
The foreground/background separator 105 supplies the
foreground component image to the synthesizer 1001.
The synthesizer 1001 combines a certain background

25 image with the foreground component image supplied from the



- 194- the mxture ratio a supplied fromthe selector 1121 and the area
i nformation, and supplies the extracted foreground conponents to the
synt hesi zer 603 and al so supplies the foreground conponents to the

synt hesi zer 605. 5 The separating portion 601 can be configured simlarly
to the counterpart shown in Fig. 76. The synthesizer 603 synthesizes the
foreground conponent inmage and outputs it. The synthesizer 605

synt hesi zes t he background conmponent inmage and outputs it. 10 The
notion-blur adjusting unit 106 show-i1edig. 94 can be configured
simlarly to the counterpart shown in Fig. 9. The notion-blur adjusting
unit 106 adjusts the anount of notion blur contained in the foreground

tel Led the f d/ b d t 1102
based 15 5ot Rl L Er P OBRETERE ROT BRCOHCPD: CharBLRHRRRLS 1 he
f | ' j . Of ti bl [ dj ust ed.
The- Sl oct oy 107 SRReen Fron hE dul 28 BEREL 3o Bt bERE Eohborent | mage
l'i ed ; .Qer. the f d
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gnal reflecting a user's selection, and oufputs the selecte or egr ound
25 coBponeitkgra@ed imd$® and the foreground component image are
combined.
Fig. 93 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
generates a background component image based on the mixture
10 ratio a and a certain background image, and supplies the
background component image to a mixed-area-image
synthesizing portion 1022.
The mixed-area—-image synthesizing portion 1022 combines
the background component image supplied from the background
15 component generator 1021 with the foreground component image
S0 as to generate a mixed-area synthesized image, and
supplies the generated mixture-area synthesized image to an
image synthesizing portion 1023.
The image synthesizer 1023 combines the foreground
20 component image, the mixed-area synthesized image supplied
from the mixed-area-image synthesizing portion 1022, and the
certain background image based on the area information so as
to generate a synthesized image, and outputs it.
As discussed above, the synthesizer 1001 is able to

25 combine the foreground component image with a certain



As di scussed above, the separating portion 91 showmn in Fig. 94 is able to
adj ust the anount of notion blur contained in an imge corresponding to a
foreground object of the input imge, and outputs the resulting foreground
5 object image. As in the first enbodinent, the separating portion 91
having the configuration shown in Fig. 94 is able to calculate the m xture
ratio a, which is enbedded information, and outputs the cal cul ated m xture
ratio a. Fig. 97 is a block diagramillustrating another 10 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
showmn in Fig. 92 serially perforns the area-specifying operation and the
calculation for the mxture ratio (X. In contrast, the 15 separating
portion FLFHHATN 307 performs the area- specifying operation and the

CPeroncs of m thd MraBeX i nd ' b B 3 & dBB, MRy nat o
ith |ike : 0 I I i f is th itted.
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pi xel contained in the 1input inage beldngs to th ground area,

and tBe 2%omsdidmtes JH X e IS0 Wby s i B Siumsh A 11 ach pixel - 196
contained in the input inmge belongs to the uncovered
Fig. 94 is a block diagram illustrating another
configuration of the-function of the separating portion 91.
The separating portion 91 shown in Fig. 9 sequentially
performs the area-specifying operation and the calculation
10 for the mixture ratio a. 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 elemenfs 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 extracting unit 101.
20 The mixture-ratio calculator 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



background area, and supplies the estimated m xture ratios calculated as
descri bed above to the foreground/ background separator 1102 and a

synt hesi zer 1201. 5 The foreground/ background separator 1102 shown in Fig.-
97 generates the foreground conponent image fromthe input inmage based on
the estimated m xture ratio calculated when it is assunmed that the pixe
bel ongs to the covered background area supplied fromthe m xture-ratio
calculator 10 1101, the estimated m xture ratio calculated when it is
assunmed that the pixel belongs to the mgwovered 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_ | e 15 to the synthesizer 1201, The nt hesi zer 1201 comnbi nes
a certmlféégﬁéﬁ%nﬁhf ??ﬁiﬂ?%&%rpﬁ$lu??ﬂ%ﬁﬁiﬁﬁﬂF?ﬁ?ﬁiﬁﬁﬁé #%mmge suppl i ed
fromthe o) eparator . 1102 based . on the esti d

m xture r%‘%?‘%ﬁ%ﬂ %lrﬁga%k%eﬁp?dté?lgg%é%%% %%ﬁqr?‘hréd pTSRIT2 be s to

t he covered bagkgr gund .are | 4. rom,t,h ixture-ratio _cal cul ator
1101, the est?gnége%%mqft Sr%l%ﬁgl%g%{aénu{%llg%tmﬂk%ﬁg} s eé‘saérlﬁﬁeeth at the

pi xel  belangsedir 1 \8ra LNGOVSE ethd o0 2r g2 spplied, fromd he

m xture-ratio calculator 1101, and the area i nformat1on supplied fromthe
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whi ch t he background i mage and the foreground conponent 1 nmage ar

conbi ned.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—rafio
processor 402 shown in Fig. 54.

10 The estimated-mixture-ratio processor 401 calculates
the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based.on 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
background area based on the input image, and outputs the
calculated estimated mixture ratio.

20 The foreground/background separator 1102 generates the
foreground component image from the input image based on the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied

from the mixture-ratio calculator 1101, the estimated

25 mixture ratio calculated when it is assumed that the pixel



Fig. 98 illustrates the configuration of the synthesizer 1201. The
functional elenents simlar to those 5 indicated by the block of Fig. 93
are indicated by like reference nunerals, and an expl anation thereof is
thus omtted. A selector 1221 selects, based on the area information
supplied fromthe area specifying unit 103, either the 10 estimated m xture
ratio calculated when it is assuned that the pixel belongs to the covered
background area supplied fromthe m xture-ratio calculator 1101 or the
estimated mxture ratio calculated whggsit is assuned that the pixel
bel ongs to the uncovered background area supplied fromthe 15 m xture-ratio
cal cul ator 1101, and supplies the selected estimated m xture ratio to the
backgr ound conmponent enerator 1021 as the m xture ratio_a. The background
b 3

conponent Genet a TR ¢ _??iﬁgr%%nﬁeﬁﬁ?%t%%Pgﬁ%%&k%?%%nﬁh%onponent
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componentgd fae. i Rl &tk surd 9% o a4 he: hask oL UNd. GarpOnient, gener at or
ground conponent Inmage SO as tO0 generate a M xed- ar ea
synt hesi zagh idlgey ik sippldes the genetaled @ xed-area
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
10 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, either the
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 «.
The separating portion 601 extracts the foreground

components and the background components from the pixel

25 values of the pixels belonging to the mixed area based on



synt hesi zed i mage to the image synthesizing portion 1023. 5 The i nmge
synt hesi zi ng portion 1023 conbi nes the foreground conponent imge, the

m xed- area synt hesi zed i nage supplied fromthe m xed-area-imge

synt hesi zi ng portion 1022, and the background i nage based on the area
information so as to generate a synthesized inmage and outputs it. 10 In
this manner, 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 m xturkegatio a to the ratio of the
background conmponents 15 contained in the pixel values. However, the
mxture ratio a may be set to the ratio of the foreground conponents

t ai i ' . enbodi has, b o] b b
Settng (R obr e are bl e o EhE BT Bhn oS e Pectr b1 ¢hestitr B80! on 20
f th | ght . : ' di t] i t
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information 1s projected onto a tinme space having a

25 and U@ dpioudl QOiBIA D DY HSLRG iRSQ; £aPEE s Honever, - 199 the
present invention is not restricted to this exanple, and can be applied to

the fellow ng weas&epdient i RAELABMN carPibd idoHs i UdaiAN 4.1
one-di nensi onal space is projected onto a snaller anount of second
i nf or mat iton the acdwbterpart shown in Fig. 76.
The synthesizer 603 synthesizes the foreground
component image and outputs it. The synthesizer 605
synthesizes the background component image and outputs it.
10 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 information and thé motion vector, and outputs
the foreground component image in which the amount of motion
blur is adjusted.
The selector 107 shown in Fig. 94 selects the
foreground component image supplied from the
20 foreground/background separator 1102 or the foreground
component image in which the amount of motion blur is
adjusted supplied from the motion-blur adjusting unit 106
based on, for example, a selection signal reflecting a
user's selection, and outputs the selected foreground

25 component image.



5 di nensi onal space, distortion generated by the projection can be
corrected, significant information can be extracted, or a nore natural

i mage can be synthesized. The sensor is not restricted to a CCD, and may be
anot her type of sensor, such as a solid-state inmage 10 capturing device,
for exanple, a BBD (Bucket Brigade Device), a CID (Charge Injection
Device), or a CPD (Charge Primng Device), or a CMOS (Conpl enentary Metal
Oxi de Sem conductor). Also, the sensor does not have to be a sensor in

whi ch detection devices are arranged 1igpa matri x, and nay 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

synt hesi zed i qage,. generated by c ining a foreground conponent image of
a% i mage cap?%’r eddLS’l%rlnlsrseeglt at%°r§é'b3r$en€eé%ﬁ€r%ntge T & d Wi th a
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I
processing is repeated un it 1s’determn

pressed. difpnec Uit R RULLAN £ 5 S8RSirdh ! oy SI002 - 1, 51 gnal
controller 71 performs the processing to separate an I nag I np fromthe
i mage- cagiditiitgh Wl thafidtthe dACKE Wi on shown in Fig. 94 is able
to calculate the mixture ratio o, which is embedded
information, and outputs the célculated mixture ratio .
.Fig. 97 is a block diagram illustrating another
10 configuration of the function of the separating portion 91
for combining a foreground component image with a certain
background image. The separating portion 91 shown in Fig.
92 serially performs the area-specifying operation and the
calculation for the mixture ratio a. 1In contrast, the
15 separating portion 91 shown in Fig. 97 performs the area-
specifying operation and the calculation for the mixture
ratio o 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 shown in Fig. 97
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

25 estimated mixture ratio when it is assumed that each pixel



conponent image and a foreground conponent inmage. The inmage separation
processing is a series of processes perfornmed by the above-described
separating portion 91. Specifically, the processing is to separate the

i nput inmage into the 10 foreground conponent image and the background
conponent inmage and is inplenented by the area specifying processing
described with reference to the flowhart of Fig. 35 the mxture-ratio
cal cul ati on processing described with reference to Fig. 63, the

f oreground/ background separation 15 prggessing described with reference to
the flowhart of Fig. 78, and the foreground-conponent-i mge-notion-Dbl ur
adj ust nent processing described with reference to the flowhart of Fig.

86. Since_the ocessi is sim]ar tg)epi he above, a description thereof is

om tted. %?i‘ﬁaniorg‘? pr51083, 1T BT NP Pr e s T pRFdreESEhe  billing
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processi ngsy 4d + OV 0y dagerd hechtdds {0 Pid41ng processing, the user who

has borrowed the canmera termnal device 2 inputs, prior to the start of

usi ngsthe campled ro@elirddindIOE & rdunOls IS 111 W wrs i%CCE?. it 1D 5
(credit card nunmber nmay be input 'i nstead) and authentication | nformtion.
97 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
background area supplied from the mixture-ratio calculator
10 1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
area supplied from the mixture-ratio calculator 1101, and
the area information supplied from the area specifying unit
103, and supplies the generated foreground component image
15 to the synthesizer 1201.

The synthesizer 1201 combines_a certain background
image with the foreground component image supplied from the
foreground/background separator 1102 based on the estimated
mixture ratio calculated when it is assumed that the pixel

20 belongs to the covered background area supplied from the
mixture-ratio calculator 1101, the estimated mixture ratio
calculated when it is assumed that the pixel belongs to the
uncovered background area supplied from the mixture-ratio
calculator 1101, and the area information supplied from the

25 area specifying unit 103, and outputs the synthesized image



In step S1101, as shown in Fig. 101, the billing processor 75 specifies
the contents of the processing (service) and transmts ID information for
identifying the 10 user (user requesting inage separation), authentication
information (password and the like), fees, and ID stored therein (ID for
specifying the provider) to the billing server 5 via the network 1. In
this case, the inmage separation processing is specified as a service. 15 In
step S1121, as shown in Fig. 101, the billing server 24 asks the financial
server 6 under the managenent of a Jfimggncial institution having the
custoner's account about the authentication information, the custoner's
account ID, and the fees on the basis of the (user's) IDtransmtted 20
fromthe canera.ternmnal device 2. In ste %%1@;, as shown in Fig. 101, the
fi nanci allng& &ec(l'feo RIS B3 et & SHRFRAHIT AP Hocessi ng
based on . custoner’'.s account I D and the authentication information and
i nfornms fh%’%l %%uf%ﬂﬁﬁ&ﬁ§5 25 of the authentication result and the
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101, the billing seéerver transmts the authenticati qf or mati on and t he
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service is thus avail abl e.
reference numerals, and an explanation thereof is thus

omitted.
A selector 1221 selects, based on the area informatibn
supplied from the area specifying unit 103, either the
10 estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supblied
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
15 mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component
generator 1021 as the mixture ratio «.
The background component generator 1021 shown in Fig.
98 generates a background component image based on the
20 mixture ratio o supplied from the selector 1221 and a
certain background image, and supplies the background
component image to the mixed-area-image synthesizing portion
1022.
The mixed-area-image synthesizing portion 1022 shown in

25 Fig. 98 combines the background component image supplied



If there is a problemw th the authentication result and information
indicating that the service is unavailable is 10 received, the processing
is termnated. In step S1102, as shown in Fig. 101, the canera term nal
device 2 provides the service when the conditions that there is no problem
with the authentication result and that the service is thus available are
satisfied. In other 15 words, in this case, the canera term nal device 2
executes the imge separation processing. In step S1103, the canera
termnal device 2 transmts a serviceage notification to the billing
server 5. In step $S1123, the billing server 5 inforns the financial server
20 (for custoner) 6 of the custoner's account ID, the fees, and the

provider acc unt I n S1142, the financi server (for custoner) 6
transfers ‘?‘56% %C‘E%'%?n?\ﬂ hg?rh"er%ﬁ%fo 1 Wl%]&cB}Eﬁ'rt IDto the

provider's ncj al server for ovi der) 203 The_description
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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.

10 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 values. However, the mixture ratio o
may be set to the ratio of the foreground components
contained in the pixel values.

The embodiment has been discussed above by setting the
moving direction of the foreground object to the direction

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 having a
three-dimensional space and time axis information is
projected onto a time space having a two-dimensional space

25 and time axis information by using a video camera. However,



continuously pressed. 10 If it is determined in step S1005 that the shutter
is not pressed, in step S1006, the signal controller 71 determ nes

whet her or not the ID of an image to be selected as a background conponent
image is input. The processing is repeated until the IDis input. The ID
for specifying the 15 background conponent image nmay be set prior to the
start of wusing the canera term nal device 2. Wien there is no preset |ID,
the ID specified by default nmay be input. Accordingly, the separation
processi ng and the synthesis processi ngare perforned without an obstacle
after the shutter is pressed. 20 In step S1007, the signal controller 71
conbi nes the background conponent image having the specified IDwth the

o1 9t ounch SUpOTEN! | e 250 & o9, by Lhe separall g brocessl o, For
e SN0 WLl L od S F ST Sin 3 SSRELELES Ao
Subsesueibd v o, AL FLS. A ORR O L05y  ESELT, BT e PL000
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controller 71 conbines dﬁ%roynds%% anditfhcglq.éoregroundEE c%wrroponent_ i mage at
e e Sopisnela At TSR ST, 0 g ORI RNPTBlE rofelinr zed
71 of 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 type of sensor, such as a solid-state image-
10 capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection Device), or a CPD (Charge Priming
Device), or a CMOS (Complementary Metal Oxide Semiconductor).
Also, the sensor does not have to be a sensor in which
detection devices are arranged in a matrix, and may be a
15 sensor in which detection devices are arranged in one line.
Referring to the flowchart of Fig. 99, the synthesis
service processing for outputting a synthesized image
generated by combining a foreground component image of an
image captured in real time by the camera terminal device 2
20 with a specified background component image will now be
described. It is assumed that the camera terminal device 2
is rented out to a user. A case in which fees are
separately charged for the separation processing and the

synthesis processing will now be described.

25 In step 51001, it is determined whether or not a



10 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 described with
reference to the flowhart of Fig. 100, a description thereof is omtted.
15 In step S1009, the signal controller 71 of the camera term nal device 2
di spl ays the synthesized inmage on the display unit 73, assigns the IDto
the image, and stores the inage in the inage storage unit 72. In the
foregoi ng exanpl e, the separation procgsging is 20. repeated for a period
of time during which the shutter is pressed, and the correspondi ng fees
are continuously charged. Alternatively, fees may be charged every tine

t he shutt essed The tel eyision set ternnal device 3 for
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to the television set termnal eV|ce
component image and a foreground component image. The image

separation processing is a series of processes performed by
the above-described separating portion 91. Specifically;
the processing is to separate the input image into the

10 foreground component image and the background component
image and is implemented by the area specifying processing
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 foreground-component-image-motion-blur
adjustment processing described with reference to the
flowchart of Fig. 86. Since the processing is similar to
the above, a description thereof is omitted.

20 In step S1003, the billing processor 75 performs the
billing processing to charge fees to the billing server 5
via the network 1. At the same time, in step 81021, 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-



fees based on renting tinme (fees in accordance with the facility use tine)
and fees for the notion-blur elimnation processing and the synthesis
processing. The fees for the notion-blur elimnation processing and the
synt hesis 15 processing are charged only when there is a notion in the

subj ect image (foreground conponent image). A facility-use-tinme nmeasuring
unit 2001 of the television set termnal device 3 neasures the time from
the renting of the television set term nal device 3. The 20
facility-use-tine neasuring unit 2001 sdpres the neasured tine in a
counter 200l1la and outputs the final neasured facility use tinme to the
billing processor 85. A still/notion determ nation unit 2002 scans the

coptin o o BRI, EAMARS SAIELS, dovi Ol gD detelsiges helfer 25 o
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billing processor 85. At this 10 tinme, the billing processor cul ates
t he fees inromgcoistance with the facility use tinme input fromthe

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

10 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 via the network 1. 1In this case, the image
separation processing is specified as a service.

15 In step S1121, 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 S1141, as shown in Fig. 101, the financial
server (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



facility-use-tine nmeasuring unit 2001 and the processing tinme input from
the processing-tine neasuring 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 signa
processor 71 shown in Fig. 8, a description thereof is omtted. Referring
to the flowhart of Fig. 106, the real-tine 20 synthesis service
processing performed by the television set termnal device 3 for use in
wi |l d ani mal observation at night wdIl20mw be described. In step 51201, the
facility-use-tinme measuring unit 2001 of the television set term nal
device 3 starts 25 neasuring the facility use tine. At this tine, the
camera - 204 rﬂﬁy e 4 starts outputting captured i nages one after another
to the S|gné1 processor 71 and the still/notion determnation unit 2002.
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still/ motden datierynati @it 102002 £ Sl St@rﬁwldéﬁdéé:aé' ng the
detection of the notion. response, the processing-tine neasuring unit
2003 StaﬂhﬁTﬂﬁﬂaﬂ&lﬂﬁkﬂﬂﬁfdHéEﬁﬁﬁﬂfEhﬁ'ﬁﬁé 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
10 received, the processing is terminated.
In step S1102, as shown in Fig. 101, the camera
terminal device 2 provides the service when the conditions
that there is no problem with the authentication result and
that the service is thus available are satisfied. 1In other
15 words, in this case, the camera terminal device 2 executes
the image separation processing.
In step S1103, the camera terminal device 2 transmits a
service use notification to the billing server 5. In step
S1123, the billing server 5 informs the financial server
20 (for customer) 6 of the customer's account ID, the fees, and
the provider's account ID.
In step S1142, the financial server (for customer) 6
transfers the fees from an account with the customer's

account ID to the provider's financial server (for provider)

25 7.



In step S1204, the separating portion 91 of the signal controller 81
executes the processing to separate an input 15 inmge. The processing is
simlar to the processing in step S1002 of the flowhart of Fig. 99 and

i ncludes the notion- blur adjustnment processing (see the flowhart of Fig.
86). Wth this processing, the inmage is separated, and notion blur is
elimnated by the foreground-conponent-i nage-notion 20 bl ur adj ust nent
processing. In this case, after the image is separated, only the

f oreground conponent inmage is output- 2@8t-he synthesizer 92. In step S1205,
the synthesizer 92 reads a background conponent inage to be conbined from
t he i nmage storage unit 25 72. In step S1206, the synthesizer 92 conbi nes

the read - 20 und conp nent i.m nDtlo Iur i m nat ed
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step S1208, the processing-tinme neasuring unit
determined that the shutter has been continuously pressed,
the processing returns to step S1002. That is, the billing
processing is continuously executed while the shutter is
continuously pressed.

10 If it is determined in step S1005 that the shutter is
not pressed, in step S1006, the signal controller 71
determines whether 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 separation processing and the synthesis processing are
performed without an obstacle after the shutter is pressed.

20 In step S1007, the signal controller 71 combines the
background component image having the specified ID with the
foreground component image separated by the separation
processing. For example, when an image shown in Fig. 102A
is captured by the image-capturing unit 74, the signal

25 controller 71 separates the image into a foreground



2003 neasures the tinme used for the actual separation 15 processing
(notion-blur elimnation processing) and the synthesis processing and
stores the tinme in the counter 2003a. In step S1209, the facility-use-tine
measuring unit 2001 determ nes whether or not the use of the facility is
20 ended. For exanple, when the use of the facility is ended, in step
S1210, the facility-use-tinme neasuring unit 2001 neasures the facility use
time stored in the counter 200la and outputs the neasured tine to the
billing processor 75. In steps S1211-axg S1121, the billing processor 85 of
25 the television set termnal device 3 and the billing server - 209 5
calculate the fees based on the facility use tine and the processing tine
used for the nmotion:blur elinnati essin& agd,the synt hesi s
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and the synthesis processing) is
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.
In steps S1008 and S1022, the billing processor 71 of

10 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
flowchart of Fig. 100, a description thereof is omitted.

15 In step S1009, the signal controller 71 of the camera
terminal device 2 displays the synthesized image on the
display unit 73, assigns the ID to the image, and stores the
image in the image storage unit 72.

In the foregoing example, the separation processing is

20, repeated for a period of time 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



15 inpl emented, fees for the separation processing and the synthesis
processing are not charged at night during which animls remain
stationary. 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 synthesis 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
reference to the flowhart of Fig. 40¥g5the processing in which the 25
television set termnal device 3 is rented out to a user at - 210 a golf
course or the like so as that the user can check the wuser's golf sw ng

il b ibed,, The processing is simlar to the flowhart of Fig.
106 {1 oreSRFERSL B ted hoARan Aa5hge of c2bii fisnalSvhas FAS Fatiengt ep °
S1301, t i notion.determ nati o nit 2002 d rm nes_whet her or not
t here ishg;ﬁ%;%%%“%négﬁ% %%% %bt.SI%ﬁ%%ﬁlﬁgegﬁgng?bg'r%ﬁeg?ﬁd until it is

deternine€%££95a£p§éemo£§o@.gp&io?% é%%%tgéiagsﬁﬁrgg gnigat there is a

not i on, e processSi ng proceeds n-ot her rﬁg? the 10

i | heke S S LLEE PO BT Th 1188 LSRR oMo o

until the user swngs a golf

deter s natihgge inid Mg OWtPUES o8] ORal 1l AGKCBLI @gsLhendstgetyon of the
notion. In response, the processing-tinme neasuring unit 2003 starts 15
measuri ngré her P OEessi Mgt i 1®5 .

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

10 processing charges, to the television set terminal device 3,
fees based on renting time (fees in accordance with the
facility use time) and fees for the motion-blur elimination
processing 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

20 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



In step S1303, the separating portion 91 of the signal controller 81
executes the processing to separate an input imge. The processing is
simlar to the processing in step S1002 of the flowhart of Fig. 99 and

i ncl udes the notion 20 bl ur-anount adjustnent processing. Wth this
processing, the inmage is separated, and notion blur is elimnated by the

f or egr ound- conponent - i mage- not i on- bl ur adj ust ment processing. In step
S1304, the synthesizer 92 reads a background conponent inage to be
conbined fromthe i mage storage unit- 2 82. In step S1305, the synthesizer
92 conbines the read - 211 background conponent inmage and the
notion-blur-elimnated foreground conponent imge input fromthe

separatin ion .91 to sgggh size an i mage, and out puts. the synthesized
i mage to “ﬁse)&gu%%l%m“&a%erﬁt ; %r%i%%l%y“%fﬁ?n%t SHHEYS PRt en
synt hesi zed. dgpge. ) this ‘P? ult_is satistactor W?en not i on
blur due To the Swing nlgAlo% c?(ﬁ(gz g% pLE:‘TE%baisslgré fn%rh :f%%ltlfry%rﬁ_%e di spl ayed
| mage. A gapldad d Mgk dees ol olo NPGL 0o 08y FOMDI ey L1 £, g [ 21 ent
background conponent | mage. Accordirgly, a batkground conpon nt I mage 10
| s not NeRREsar ined 4tk 4 QM Ne ddRae SOTA08 pillefi% A SiERLR0. the
still/notion determ nation unit 2002 determ nes et her or not ereis a
notiop, tiatidgut whelherpAcdid i ddef findage DASH APt M A | Vi Otion. | f
it is determined that there is a nbtion, the processing 15 returns to step
S1204, angkddwes inmpesisa Gnddam idy susieRoenNVeidkds fiePedigd during
which the signal is input in a counter 2003a and, finally in
the billing processing, outputs the processing time stored
in the counter 2003a to the billing processor 85. At this
10 time, the billing processor 85 calculates the fees in
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 to the
15 Dbilling server 5.
Since the configuration of the signal processor 81 is
similar to that of the signal processor 71 shown in Fig. 8,
a description thereof is omitted.
Referring to the flowchart of Fig. 106, the real-time
20 synthesis service processing performed by the television set
terminal device 3 for use in wild animal observation at
night will now be described.
In step S1201, the facility-use-time measuring unit

2001 of the television set terminal device 3 starts

25 measuring the facility use time. At this time, the camera



If it is determned in step S1306 that there is no notion, in step S1307,
the processing-tine neasuring unit 2003 neasures the tine used for the
actual separation 20 processing (notion-blur elimnation processing) and
the synthesis processing and stores the neasured tine in the counter
2003a. In step S1308, the facility-use-tinme neasuring unit 2001 determ nes
whet her or not the use of the facility is 25 ended. For exanple, when the
use of the facility is ended - 212 (when the canmera term nal device 2 is
to be returned), in steps S1309 and $IB2L;, the billing processor 71 of the
canera termnal device 2 and the billing server 5 calculate the fees based
on the facility use tinme and the processing 5 tinme used for the notion-blur

el imnation processing and the  synthesis ocessi ng and executes the
corres poné;el‘ﬁjgceoi 15 Spr%%@‘é?%’g’{g Sf'f‘?ﬁ;“émf%i HIFIT PP st mPPERRT i | ar

to the i described wt eference to. flowchart of Fig. 100,
a descri B{?Og‘%?$hsr(;lr noq?fi%roocn%ﬁ%%wgoarf% J{}h% ?%Jr%%‘?ﬁ;l%scri ption, the
operatio V.S t i i 3 .has b descri bed.

Alpt er nat ir}%/ée)ﬁ/, wenoaréliéxrgrwrdp e?rbsqs(?n% a?fﬂ%gée%gﬁn%&fn’ayﬂbee s%%%;?/or?%horby t he

canera t e{didahi eV sie &iﬁ%ﬁ!wéélmﬁr@s SERAAL ) NG, Aedd on, % of the

present 15 invention separates in real tine a captured 1 mge into a

f or egsoungh isONENRtnd MBS ddOr edRungk f1epts 4 "BgSd, A . oreground
conponent image (foreground conponent i nmage)
is determined that there is a motion. If it is determined
that there is a motion, the processing proceeds to step
S1203.
In step 51203, the still/motion determination unit 2002
10 outputs a signal indicating 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
controller 81 executes the processing to separate an input
15 image. The processing is similar to the processing in step
S1002 of the flowchart of Fig. 99 and includes the motion-
blur adjustment processing (see the flowchart of Fig. 86).
With this processing, the image is separated, and motion
blur is eliminated by the foreground-component-image-motion-
20  blur adjustment processing. In this case, after the image
is separated, only the foreground component image is output
to the synthesizer 92.
In step S1205, the synthesizer 92 reads a background

component image to be combined from the image storage unit

25 72. 1In step S1206, the synthesizer 92 combines the read



and perfornms in real tine the notion-blur adjustment processing of the
foreground conponent image. 20 A recording mediumin which a program for
performng the signal processing of the present invention is recorded nmay
be formed of a package nmediumin which the programis recorded, which is
distributed for providing the programto a user separately fromthe
conputer, as shown in Figs. 4 and 25 5, such as the magnetic di sks 41 and
61 (including a - 213 flexible disk), the optical discs 42 and 62
(including a CD- ROM (Conpact Disc-Reagh& vy Menory) and a DVD (Digital
Versatile Disc)), the magneto-optical disks 43 and 63 (including an MD

(M ni-Disc) (registered trade nane)) or 5 the sem conductor nenories 44

di f d 22 and 52 or
ﬁg(rjdegr SE)}Q ]&%&?ar ne'%jmnlgBOI it s%%%/%%ea%% the %gongh%SS%{?ﬁ_mW?F%g pr ogr am

d d to th whi | e i
oy estored § 5 %“ﬁ%%ﬁ%&r%é@%e%e L PEMRG: D C6E %es"%raorgrt‘;%‘?ée%imn.'g .
di I ccordin the orders
hocor | bod ] ALt e STt S 3%5%?%%%% 2 e TRl R0 48, e 01 e

n @t mxsamesmmer wand d5ey MRy desprxpouled £oneurt %}é Vel

i ndividually. 15 Industri al Applrcabrlrty Accor Ing t esén
i nvensi onsyrceapidBedindmpge is separated in real time into a foreground

conmponent i nmage

In step S1207, the still/motion determination unit 2002
determines whether or not there is a motion, that is,
whether or not there has been intermittently a motion. If
it is determined that there is a motion, the processing

10 returns to step S1204, 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 processing-time measuring unit
2003 measures the time used for the actual separation

15 processing (motion-blur elimination processing) and the
synthesis processing and stores the time in the counter
2003a.

In step S1209, 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 $1210, the facility-use-time measuring unit 2001
measures the facility use time stored in the counter 2001a
and outputs the measured time to the billing processor 75.

In steps S1211 and S1121, the billing processor 85 of

25 the television set terminal device 3 and the billing server



(foreground conponent image) and a foreground conponent 20 image _
(foreground conponent image), and the notion-blur adjustnent processing of
the foreground conponent image is perfornmed in real tinme. - 214 CLAI M
1. An inmge processing apparatus conprising: input means for inputting
i mage data which is formed of a predeterm ned nunber of pixel data _
obtained by a 5 predeterm ned nunber of image-capturing devices including
pi xel s, the inmage-capturing devices each having a time integrating _
function; mxture-ratio estimating neansg for estimating a mxture ratio
for a mixed area in the inmge data input fromthe 10 input nmeans, the m xed
area including a mxture of foreground object conponents formng a

und obj ect conponents

i f . the_i d backagr !
forming & BeeRgtathdbe) sete ra i aiﬁgéée Sfé?%%fgasara oM the
i i i h 1 is.of the mxture ratio estinmate y
fﬁgaL?;; ré@?%%%%ﬁggg |%ﬂ€|%% ﬁ%%hg?eﬁﬁ%éf%%a%fﬂﬁt%ff%bﬁ?t??%n1the i nput

. . he i ny
Componente T or i T (R { Qo honi 3b Seoor TReY | age et Ehntie

conponent's formng the fore 0 i mage

pacion oundeaumaestod Tage g5 b ald g 20 Sackoraua ot s commonent
storiBg igrd@dsind®id e dor£0re4Nthe processing described with
reference to the flowchart of 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

10 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 not charged at night during which
animals remain stationary. 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 synthesis service
processing 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



conponent image and the background conmponent image, which are separated by
the separation neans. 25 2. An |nage processi ng apparatus according to
claim1l, - 215 further conprising image-capturing neans for capturing an
imge which is forned of the image data fornmed of pixel values determ ned
in accordance with the intensity of light formng the inmage which is
integrated with respect to tinme 5 in each pixel by the predeterm ned nunber
of image-capturing devices for converting the light form ng the image into
el ectrical charge and integrating withpygspect to tinme the electrica
charge generated by the photoelectric conversion. 3. An inage processing
appar at us according to claim2, 10 further conprising: inage-capturing
command neansﬁg |V|nga co nd to the image-capturing neans to capture

the image; Ah APt WF ngt 67 1 79 nS kR Fibf %i%%u??%gc%?¢klh@e
reans. 49544 res@f%?%%%@%ﬁ?ﬁlﬁ@%w Q&e%séé’é”e%{‘mga?ﬁ' ciaimb further
i mage and t h;@%ﬁfgric%h?m T TRt S Eh S AT S epiaraea 0P r oal
T s e ey e ey g 08
_| magesspegtdy i B AN d A+ SPELAIYINY @ feshiflion unit 2002

determines whether or not there is a motion in the subject.

The processing is repeated until it is determined that there

is a motion. TIf it is determined that there is a motion,

the processing proceeds to step S1302. In other words, the

10 processing is not executed and the billing processing is not

executed until the user swings a golf club.

In step S1302, the still/motion determination unit 2002
outputs a signal indicating the detection of the motion. 1In
response, the processing-time measuring unit 2003 starts

15 measuring the processing time.

In step 51303, the separating portion 91 of the signal
controller 81 executes the processing to separate an input
image. The processing is similar to the processing in step
51002 of the flowchart of Fig. 99 and includes the motion-

20 blur-amount adjustment processing. With this processing,
the image is separated, and motion blur is eliminated by the
foreground-component-image-motion-blur adjustment processing.

In step S1304, the synthesizer 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



f oreground conponent image and background conponent image 25 from anong the
foreground conponent image and the background - 216 conponent image which
are separated in real time by the separation means and which are di spl ayed
by the image display neans and the foreground conponent inmge and the
background conmponent inmage which are already stored in the 5 storage neans
and which are displayed by the image display neans; and conbi ni ng neans
for conbining the desired foreground conponent image and background
conponent image which are specified Bylthe specifying means. 10 5. An

i mage processing apparatus according to claim4, further conprising:
conbi ni ng command neans for giving a command to the conbining neans to

conbi ne bregexouadd compbinentg bbbkl BgdMRARS MbRK oaxBeuli-Ba ihiihkirag 15
processing in response to the command fromthe conbi ning conmand neans. 6.
An i mage fpregessindg cappanants imeger dnpgtt @remaithel sephuthi-hery erRRbsI NY:
st orage command neans for giving a conmand to the 20 storage neans, the
command PAsteusvnfyenhechen émaget and ostpoesi mheealnthesithd fianger ound
conponent image and the background conponent inmage which are separated by
the sep&Path6ndierhsy sndtsBorag®hbi Hispdageanstf 868 diepilbiysgthel | ing
processi ng , _
5 synthesized image. 1In this case, the result is satisfactory
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 background
component image. Accordingly, a background component image
10 is not necessarily read from the image storage unit 82.

In step 81306, the still/motion determination unit 2002
determines whether or not there is a motion, that is,
whether or not there has been intermittently a motion. If
it is determined that there is a motion, the processing

15 returns to step S1204, and the processing from this step
onward 1is repeated.

If it 1s determined in step S1306 that there is no
motion, in step $1307, the processing-time measuring unit
2003 measures the time used for the actual separation

20 processing (motion-blur elimination processing) and the
synthesis processing and stores the measured time in the
counter 2003a.

In step 51308, the facility-use-time measuring unit

2001 determines whether or not the use of the facility is

25 ended. For example, when the use of the facility is ended



25 in response to the command fromthe storage conmand neans. - 217 7. An
i mage processing apparatus according to claim1l, further conprising:

not i on-bl ur adjusting neans for adjusting notion blur of the foreground
conponent image which is separated in real 5 tinme by the separation neans
or the foreground conponent image which is already stored in the storage
nmeans. 8. An inmage processing apparatus according to claim?7, further
conpri si ng: notion-blur-adjusted-inagﬁ %lsplay means for dlsplaylng 10 the
not i on- bl ur - adj ust ed foreground conpo 1 i mmge generated by the
notion-blur adjusting neans. 9. An inmage processing apparatus according to
claim8, further conprising: conbining neans for conbining the

not i on- blluheadjchst edmets termgnelindevdopolent tomge generatdd,bynt he
notion-blur adjusting neans and t he background conponent inage, wherein
the noti 8hebbufladbpusnddsSiddye dhepbaylimanprodespbaydlanti rhge generated
by conbining, by the conbining neans, the notion-blur-adjusted foreground
conponenFamﬁﬁget3201géheﬁ9Véﬁeb? end kbei balbing 86Fusti AgcAeansaiad t he
background conponent inmage. 10. An_inage processing apparatus according to
claim?7, thﬁu??ﬁérb66ﬁﬁrpguﬁae SFéééé§Yn§S?|ﬁémﬁeé§ar § RE&ASSPARINeasuri ng

tlne 25 required by the notion-b| ur £ust|ng nmeans to adjust the
time used for the motion-blur eliminafion processing and the

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.

10 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 separating portion 91 of the present

15 invention separates in real time a captured image into a
foreground component image (foreground component image) and
a foreground component image (foreground component image)
and performs in real time the motion-blur adjustment
processing of the foreground component image.

20 A recording medium in which a program for performing
the signal processing of the present invention is recorded
may be formed of a package medium in which the program is
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



- 218 notion blur of the foreground conponent image; and
not i on- bl ur-adjustnent billing means for executing billing processing in
accordance with the time neasured by the processing-time neasuring neans.
5 11. An inage processing apparatus according to claim@8, further
conprising: operation-tinme neasuring neans for neasuring operation tine
thereof; and operation billing nmeans for executing billing 10 processing in
accordance with the time neasured by the operation-tine measuring neans.
12. An image processing nethod conpfigﬁﬁg? an input step of inputting imge
data which is formed of a predeterm ned nunber of pixel data obtained by a
15 predeterm ned nunber of image-capturing devices including pixels, the
i mage- cagllexibgdedeiiskes ehehobavicag aikicse42i ahagkat i(Agchuachioon; cad-
m xture-ratio estimating step of estimating a mxture ratio for a m xed
area in RO¥ i(Cegpadat AisepReadnOnile Meputry)2@nst eppvbhaDigied lar ea
including a m xture of foreground object conponents form ng a foreground
obj ect olerraetidrgPisdala &he¢ backgtoungtobpéctiskspddenns HGrnming a
background object of the inmage data;, a separation step of separating in
real timéin6AUERBI 28 MAsi(Mivi-Dhscki Xrepéstared &sedeanede)n,t be
m xture-ratio - 219

> 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.

10 The steps forming the program recorded in a recording
medium may be executed chronologically according to the
orders described in the specification. However, they do not
have to be executed in a time-series manner, and they may be
executed concurrently or individually.

15
Industrial Applicability

According to the present invention, a captured image is
separated in real time into a foreground component image
(foreground component image) and a foreground component

20 image (foreground component image), and the motion-blur

adjustment processing of the foreground component image is

performed in real time.



v o——

estimating step, the inmage data input in the input step into a foreground
conponent inmage forned of the foreground object conponents formng the
foreground object of the inmage data and a background conponent inage
formed of the background 5 object conponents form ng the background object
of the image data; and a storage step of storing in real tine the
foreground conponent inage and the background conponent image, which are
separated in the separation step. 10 %34 An i mage processi ng mnet hod
according to claim 12, further conprisi*ng: an image-capturing step of
capturing an inmage which is forned of the inmage data fornmed of pixe
val ues determned in accordance with the intensity of light formng the
imge 15 which is integrated with resremMsto tine in each pixel by the
predet er mi ned nunber of inmage-capturing devices for converting the |ight
formi ng tthe Amagaaiget prekcestsingakppalratge aothpiritségoati ng with respect to
time the electrical charge generated by the photoelectric conversion. 20
14. An inage prBeésBEagsnévhotnpetbidgngmégectatan @Bjichf st hermeanpri si ng:
an image-capturing comrand step of giving a conmand to the image-capturing
step to CaprGreterpinrgggaumbed af Prugd- dapeucbtigibedl bygast ep of executing
billing 25 rocessing in response to the command in the image-capturing -
220 gonpgﬁﬁegﬁgﬂ}ne number of image-capturing devices including
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
10 input means, 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;
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
object components forming the foreground object of the image
data and a background component image formed of the
20 background object 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,



15. An image processing nethod according to claim 12, further conprising:
an i mage display step of displaying the foreground 5 conponent inmage and
t he background conponent inmage which are separated in real time in the
separation step and the foreground conponent inage and the background
conponent inmage which are already stored in the storage step; an inmage
specifying step of specifying a desired 10 foreground conponent inage and
background conponent i nage fron1angng %he f oreground conponent i mge and
t he background conponent image which i e separated in real tinme in the
separation step and which are displayed in the inmage display step and the
foreground conponent image and the background 15 conponent image which are
al ready dtertdern compe istogadeageepapand inki aleaarse fdirs plagyed ing ke i mage
di splay step; and a combining step of conbining the desired foreground
conponenttMagigg&@hasdt BackKgroend oforghenéniagiemege awfiocimedr @ f pp&eilfi ed in the
speci fying step. 20 16. An inmmge processing nmethod according to claim 15,
further CGApESsigerainsabiin agcoonmne viép chegiivitegsatyomfandgha t he
conbinin% step to_conbine inmages; and a conbining billing step of executing
billing 287ProCeddendmpAer BbpEhsé st dntReresmdand thn respectnisionitige- 221
connggd step. 17. .An_i e processi ng nethod according to claim12,
in %ac% pixel gggthg predete%mined number of gmage—capturing
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,
10 further comprising:
image-capturing command means for giving a command to
the image-capturing means to capture the image; and
image-capturing billing means for executing billing
processing in response to the command from the image-
15 capturing command means.
4. An image processing apparatus 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 background component
image which are already stored in the storage means;
image specifying means for specifying a desired

foreground component image and background component image

25 from among the foreground component image and the background



further conprising: a storage conmand step of giving a command to the 5
storage step, the command instructing whether or not to store in real tine
t he foreground conponent inmge and the background conponent image which
are separated in the separation step; and a storage billing step of
executing billing processing 10 in response to the command in the storage
command step. 18. An image processing nethod according to claim 12,
further conprising: a notion-blur adjusting step of adjusting notion blur
of the foreground conponent inage mﬁigﬁ6i§ separated in real 15 tinme in
the separation step or the foreground conponent image which is already
stored in the storage step. 19. An inmage processing nethod according to
cl ai m 18 compentendr igager whilkd: azemseiparakledr 1adjréstiediimeags adnspl ay step of
di splaying 20 the notion-blur-adjusted foreground conponent inage
gener at e@ePa ralid omotieensbkod atdjicht amg stieplaed Ay ithegeémpgecessi ng net hod
according to claim19, further conprising: a conbining step of conbining
t he noti 84SPlLlay- Bgpust ead 2bef Speguoonddc ocoppresnti taggeganer ahed i n t he
notion-blur - 222 adjusting step and the background conponent i mage,
wher ei n PREXFBOMA- BPEPoRG st adoenulé cli spkaylseedydissplrags ian theage
genergled b¥ conbi ning, in the conbining .

storage means and which are displayed by the image display

means; and
combining means for combining the desired foreground
component image and background component image which are
specified by the specifying means.
10 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
command means.
6. An image processing apparatus according to claim 1,
further comprising:
storage command means for giving a command to the
20 storage means, the command instructing whether or not to
store in real time the foreground component image and the
background component image which are separated by the
separation means; and
storage billing means for executing billing processing

25 in response to the command from the storage command means.



step, the notion-blur-adjusted foreground conponent inmage 5 generated in
the notion-blur adjusting step and the background conponent inage. 21. An
i mge processing nmethod according to claim 18, further conprising: a
processing-time neasuring step of neasuring time 10 required by the
notion-blur adjusting step to adjust the notion blur of the foreground
conponent inmage; and a notion-blur-adjustnent billing step of executing
billing processing in accordance with the time neasured in the
processi ng-time neasuring step. 15 22?1An"inage processi ng net hod accordi ng
to claim19, further conprising: an operation-time neasuring step of
nmeasuring operation time thereof; and an operation billing step of
execut i ng -bi An dgaz@ processing appaceaidanceordihd ke tHimmmaasured in the
operation-tinme nmeasuring step. 23. A recordi ng nedi um havi ng recorded
t her eon &ugdmeat eompréadalgi:e program the program conprising: an input
control step of controlling the inputting of 25 inage data which is forned
of a predeterfPheannbhberadfust2eg mpanel fdat adpbsainedmbyianpbedet er m ned
number of inage- capturing devices including pixels, the inmage-capturing
devi ces 8&chhRafioEgazornge conpegeati npatienvhiich; ia siepburtedatino restli mat i ng
contrgl st.ep of controllin%_
time by the separation means or the 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 display means for displaying
10 the motion-blur-adjusted foreground component image
generated by the motion-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
adjusting means and the background component image,
wherein the motion-blur-adjusted-image display means
displays an image generated by combining, by the combining
means, the motion-blur-adjusted foreground component image
20 generated by the motion-blur adjusting means and the
background component image.
10. An image processing apparatus according to claim 7,
further comprising:

processing-time measuring means for measuring time

25 required by the motion-blur adjusting means to adjust the



5 the estimation of a mxture ratio for a mxed area in the inmage data
input in the input control step, the m xed area including a m xture of

f oreground object conponents formng a foreground object of the imge data
and background object conponents form ng a background object of the inmage
data; 10 a separation control step of controlling the separation in real
time, on the basis of the mxture ratio estimated in the m xture-ratio
estimating control step, of the image ta input in the input control step
into a foreground conponent i nmage fofméd of the f oreground obj ect
conponents formng the 15 foreground object of the inmage data and a
background conponent inage formed of the background object conponents
form ng wiee llvackduaund dhjeedoregriomed maa@otiaha; imaded Sherage control step
of controlling the storing, in real time, of the foreground conponent

i mage and t hemgdibackgrouadiushpenendbil mige, mehhshfareezepatahgd in the
separation _control step. 24. A recording nmediumaccording to claim 23
havi ng Pédeiaed PrRerssang donpacerdenadabliehptbgr armet meapuagdaimy f urt her
conprisin%: 25 an inmage-capturing control step of controlling the - 224
capt ur i n§16f PARCPRBGBIWAILER MmeapvriBgd okanise i mage data formed of pixe
valug§ d?ternined in accordance with the intensity of light form ng the

i mage® whitch i &% Af8§raPEQCeRPLRTr eppeErtls acrerdangath EilRém By t he

predeterghggge§ ggggggsgggknage-capturlng devices for converting the |ight

operation-time measuring means for measuring operation
time thereof; and
operation billing means for executing billing
10 processing in accordance with the time measured by the
operation-time measuring means.
12. An image processing method comprising:
an input step of inputting image data which is formed
of a predetermined number of pixel data obtained by a
15 predetermined number of image-capturing devices including
pixels, the image-capturing devices each having a time
integrating function;
a mixture-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 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

25 basis of the mixture ratio estimated in the mixture-ratio



formng the image into electrical charge and integrating wth respect to
time the electrical charge generated by the photoelectric conversion. 25.
A recordi ng nmedium according to claim 24 having 10 recorded thereon a
conput er -readabl e program the program further conprising: an

i mge-capturing conmand control step of controlling the giving of a
command to the inmage-capturing control step to capture the inage; and 15
an i mage-capturing billing control gtge of controlling the execution of
billing processing in response to the dommand in the i mage-capturing
command control step. 26. A recording nmediumaccording to claim23 having
recorded thereon a conputer-readable program the program 20 further

conpri si f§timetiimage tépsplitiye domigeoldasted nplutcant rtolel iimgutthe tegi Spitayi ng of
t he foreground conponent inmage and the background conponent image which
are separfattéFegronas compenientt hmagepdoattiedn oforheolf osteepoand Hivg ect

f oreground conponent 25 ina%g and t he background conponent image which are
al ready Fopponegitsr £@riinghéhst §ragerevndr objscap o farthiemige gepeeithyi ng
control step of controlling the specifying of a desired foreground
conponenflPndgLa5kg T OHACK GPBRRB caENpBASkt foragd Pfowhanbagkomeuhdr eground 5
conpo entbLna%e and t he backgr ound congonent i mage which are separated in
real i mePPRthECERRAFRLP0h CEBRRLoIthEr BgCkAgound object of the image

data; and
a storage step of storing in real 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 capFuring 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 image-capturing 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 billing

25 processing in response to the command in the image-capturing



whi ch are di splayed in the inmage display control step and the foreground
conponent inmage and the background conponent inage which are already
stored in the storage control step 10 and which are displayed in the imge
di splay control step; and a conbining control step of controlling the
conbining of the desired foreground conponent inmage and background
conponent inmage which are specified in the specifying 15 control step. 27.
A recordi ng medi um according to cIaLn1§% having recorded thereon a
conput er -r eadabl e program the progra@1 further conprising: a conbining
command control step of controlling the 20 giving of a command to the
conbining control step to conbine inmages; and a conbining billing control
step of commadld isigert.he execution of billing processing in response to the
command in the conbining command control step. 25 28. A recording nedi um
accordi nd -0 Anaiimaz® Pawiceg s-in2P 6ethecorded ridieedn & ladmputer - r eadabl e
program the program further conprising: a storage command control step of
controIHﬂﬂjqﬂ%§ MPrA§i®Y:a command to the storage control step, the
command 5 instruycting whether or not to store in real tinme the foreground
conponent i mafB AMAIEhEL1PRLRYr 8LRE esnPbARheYingagbewhipthgapendeparated in

t he sgparation cont.rol step;
component image and the background component image which are

separated in real time in the separation step and the
foreground component image and the background component
image which are already stored in the storage step;
an image specifying step of specifying a desired
10 foreground component image and background component image
from among the foreground component image and the background
component image which are separated in real time 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 steb
and which are displayed in the image display step; and
a combining step of combining the desired foreground
component image and background component image which are
specified in the specifying step.
20 16. An image 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
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and a storage billing control step of controlling the 10 execution of
billing processing in response to the conmand in the storage conmand
control step. 29. A recording nmedium according to claim23 having recorded
t hereon a conput er-readabl e program the program further conprising: 15 a
notion-blur adjusting control step of controlling the adjustment of notion
bl ur of the foreground conponent inage which is separated in real tinme in
the separation control step or the_fg&gg[ound conmponent image which is
already stored in the storage contro tep. 20 30. A recording nedium
according to claim?29 having recorded thereon a conputer-readabl e program
the program further conprising: a notion-blur-adjusted-imge display
control &cdpasd sgemt-rol |ing the displaying of the notion-blur-adjusted 25
foreground conponent inmage generated in the notion-blur - 227 adjusting
control dt’ep. AB1 imadee paOdiens imedmghadc ecdomging toaicha3® Navi ng recor ded
t hereon a conputer-readable program the program further conprising: 5 a
combi ni ng UEGREFoICOBPER SdNTéont rol |ing the combining of the

mot i on- bl ur-adj usted foreground conponent inmage generated in the
moti on- bl ur afj B5PFRAYE cOMFRNAsEEPP anfl FhELngarkgpPPnaBdcbapbhent i nage,

5 storage 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 step; and

a storage billing step of executing billing processing
10 in response to the command in the storage command step.
18. An image processing 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 comprising:
a motion-blur-adjusted-image display step of displaying
20 the motion-blur-adjusted foreground component image
generated in the motion-blur adjusting step.
20. An image processing method according to claim 19,
further comprising:
a combining step of combining the motion-blur-adjusted

25 foreground component image generated in the motion-blur
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wherein the notion-blur-adjusted-image display control 10 step controls
the display of an inmage generated by conbining, in the conbining control
step, the notion-blur-adjusted foreground conponent inage generated in the
notion-blur adjusting control step and the background conponent inage. 32.
A recordi ng medi um according to claim 29 having 15 recorded thereon a
conput er -readabl e program the program further conprising: a
processi ng-time neasuring control sLeEz?f_controlling t he neasurenent of
time required by the notion-blur adjusting control step to adjust the
notion blur of the 20 foreground conponent inage; and a
not i on-bl ur-adjustnment billing control step of controlling the execution
of billi AGINSEEEgsiskgD rndadher daskgraiunid thaponentniasgesd i n t he
processing-tine nmeasuring control step. 25 33. A recording nedi um
accordi ng to EPEFRIBOtRgvPAGion2bBurradhnabedt heraendaspbapustepr eadabl e
program the.program, further conprising: an operation-time neasuring
control St&FLEY ScaRt LBPOEngereRa tREabr ERBRENGPJopaRatthen Compantingr eof | and
5 an opeg%%iontgilkhng cggﬁroL step of controlling the execution of
billing proteéssing™ hieBcErianediEtRdt herepraunAesonPeachl thage
oper at i op-t.i asuri control . step. .34. A programfar instructing a
conpﬁ%erBfgbggﬁggr%ﬁakﬂgrgggégnEBiﬂfi§PH&?tln8 s¥epand the

background component image.

21. An image processing method according to claim 18,
further comprising:
a processing-time measuring step of measuring time
10 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 processing in accordance with the time measured in
the processing-time measuring step.
15 22. An image processing method according to claim 19,
further comprising:
an operation-time measuring step of measuring operation
time thereof; and
an operation billing step of executing billing
20 processing in accordance with the time measured in the
operation-time measuring step.
23. A recording medium having recorded thereon a computer-~
readable program, the program comprising:
an input control step of controlling the inputting of

25 image data which is formed of a predetermined number of
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10 an input control step of controlling the inputting of inmage data which
is formed of a predeterm ned nunber of pixel data obtained by a
predet er mi ned nunber of inmage- capturing devices including pixels, the

i mage-capturing devices each having a tinme integrating function; 15 a

m xture-ratio estimating control step of controlling the estimation of a
m xture ratio for a mxed area in the imge data input in the input

control step, the m xed area includigg a m xture of foreground object
conponents formng a foreground obje 3of the i mge data and background
obj ect 20 conponents form ng a background object of the imge data; a
separation control step of controlling the separation in real tine, on the
basi s of Rilxelridettar ebtatinededty mapeddeterniieed xumber atfi Anesid-mati ng
control step, of the image data input in the input control step into a

f or egr ouk@PEOVFiowe Be VAR sisndge ludimed pdfketllse fthreedmaed calpjteati ngonponent s
formng the - 229 foreground object of the inage data and a background
conponen@eVAs§E Fochedagiinghe Badlegriodegretjiegt foonpooants forning the
background obj ect of the imge data, and a storage control step of

control ling tRe™s¥bFFAgrathe Sskémptingecontrohestepegfoandtrolbongnt i mage
and t%e §gack%round,conponent,inage, whi ch are separated in the separation
control € SS3sMaARIgRLQtam Bd&sbdengatdocEarnP3niked pasEr dot ithe a

conput er , erform,a process. further conprising: 10 an inage-capturin
CozFrOI %bgggogagsnﬁpgﬁﬁiﬁﬁ ?Hg input cog%rol s%ep, the mix%d arga' J

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;

10 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 foreground 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 storage control step of controlling the storing, in
real time, of the foreground component image and the

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

24. A recording medium according to claim 23 having
recorded thereon a computer-readable program, the program
further comprising:

25 an image-capturing control step of controlling the
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capturing of an imge which is forned of the image data forned of pixe

val ues determned in accordance with the intensity of light formng the
image which is integrated wth respect to tine in each pixel by the
predet erm ned 15 nunber of inmage-capturing devices for converting the |ight
formng the image into electrical charge and integrating wth respect to
time the electrical charge generated by the photoelectric conversion. 36.
A program according to claim 35 for_igztructing a 20 conputer to performa
process further conprising: an imge- 6tﬁring command control step of
controlling the giving of a command to the inage-capturing control step
to capture the inmage;, and an inmage-capturing billing control step of

cont r ol | 9P TU2E-Nch@ fexeec dmagie ot ilgh lisng oprecessi ndhel imagspaase to the -
230 command in the image-capturing command control step. 37. A program
accor di nd g8 gfmpdzxeflomailysisr detienyiaede dmpaicen ridaneer fxarti aher ocess
further conprising: an imge display control step of controlling the 5

di spl ayi MG TEPSERY ©8r d¢Edtind ceBipendhe iimage ahdchhés Bactlkegreded conponent
i mmge which.are separated.in real time in the separation control step and
the foredrdthdEEMGEENERt TiMfad® SAGN R XSacioyr 6iisd PesdpdRaminedage whi ch
are read¥1 stored_in the storage control step; 10 an inage speci fyi ng

cont?%l ?PgﬁegfoéoﬁPFQPrFﬁatPﬁén sPeviegEngoaf canyesitieg theediobitd
Conponen%okggg% %ﬁ% 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
10 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 control step.
26. A recording medium according to claim 23 having
recorded thereon a computer-readable program, 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 and the foreground component

25 image and the background component image which are already



background conmponent inmage from anong the foreground conponent inmage and
t he background conponent inage which are separated in real tine in the
separation control step and 15 which are displayed in the i mge display
control step and the foreground conponent image and the background
conponent inmage which are already stored in the storage control step and
whi ch are displayed in the image display control step; and 20 a conbi ning
control step of controlling the conbini,Rg_of the desired foreground
conponent image and background conpofnént imge which are specified in the
specifying control step. 38. A program according to claim 37 for

instructing a 25 conputer to performa process further conprising: - 231
a conbi niSty T&GmiEndheosttoalaast epndfrodomsttepl;l i ng the giving of a command to
t he conbining control step to combine images; and a conbining billing

control step BF ¢BAFPoFPERGIYARISCEREEALI Bhepf 0bi Ebhhgoptbugsshag in
response to tgp,connand in the conbining conmmand control step. 39. A
progr am EEEGHIYAGSt 8icRarffiFefoL orperryat sgMRONEAFpieTet engder f or m a

process L%%&h%r cgngrising: a,storage conmand control step of controlling
the 10 giving 8F"8 COMRERG o llRESsEEPTYEMORAtL thE SeesareNadconmand

GO REL e b SpBL RRCKoRohE] conponent image ihich Gre o
separated in real time in the separation control step and
which are displayed in the image display control step and
the foreground component image and the background component
image which are already stored in the storage control step

10 and which are displayed in the image display control step;
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.
27. A recording medium according to claim 26 having
recorded thereon a computer-readable program, the program
further comprising: |
a combining command control step of controlling the
20 giving of a command to the combining control step to combine
images; and
a combining billing control step of controlling the
execution of billing processing in response to the command

in the combining command control step.

25 28. A recording medium according to claim 23 having



i mge which are separated in the separation control step; and 15 a storage
billing control step of controlling the execution of billing processing in
response to the command in the storage command control step. 40. A program
according to claim34 for instructing a conputer to performa process
further conprising: 20 a notion-blur adjusting control step of controlling
the adjustnent of notion blur of the foreground conponent imge which is
separated in real tinme in the separati control step or the foreground
conponent image which is already sfb?gg in the storage control step. 25
41. A program according to claim40 for instructing a - 232 . | conputer
to performa process further conprising: a notion-blur-adjusted-inage

di spl ay cm#amwiedstidpmon @omtonpliuteng- ridaeiatilsplpndgrandf dHe program

not i on-bl ur-adjusted foreground conponent inage generated in the

not i on- bifwrtenpdomiisgneont rol step. 42. A program according to claim41l
for instructing a conputer to performa process further conprising: a
combi ni ng confr 8C¥RER ePmBanedr ebhthnglt heeponti nbngrodfiingethe
nntion-blurﬁzg ust ed foreground conponent inmage 10 generated in the

mot i on- bi% 8 @t iPn FOEBRECoItOs ity @@ TElse  deadkigrlo Wrierc o rhben emmmiamele,
mheregn H%%tg%gﬁggbbu%%%%%&uige%b%n%%es%gigl?% i%garizme 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

10 execution of billing 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 program
further comprising:

15 a motion-blur adjusting control step of controlling the
adjustment of motion blur of the foreground component image
which is separated in real time 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 program
further comprising:

a motion-blur-adjusted-image display control step of

controlling the displaying of the motion-blur-adjusted

25 foreground component image generated in the motion-blur



step controls the display of an inmage generated by conbining, in the
conbi ning control step, the notion-blur-adjusted 15 foreground conponent

i mge generated in the notion-blur adjusting control step and the
background conmponent inmage. 43. A program according to claim40 for
instructing a conputer to performa process further conprising: a
processi ng-tinme neasuring control step of controlling 20 the neasurenent
of tinme required by the notion-blur _ ggbusting control step to adjust the
motion blur of the foreground conponéfit inmage; and a

nmoti on-bl ur-adjustnment billing control step of controlling the execution
of billing processing in 25 accordance with the tine neasured in the
processi RgiSEng Z¥®tnedastepng control step. 44. A program according to
claim4l for instructing a conputer to performa process further

conpri si Rg:: aft gFEcacios- mesd ume aswoindg ngortor all astmed Oothasamigr ol 1ing 5 the
nmeasur enment of operation tine thereof; and an operation billing control
step of CEROFGRG rGersen axeempude rorebidableg pyogcessi e prageamdance wit h

the tinme sured in the operation-tinme measuring control step.
further comprising:

5 a combining control step of controlling the combining
of the motion-blur-adjusted foreground component image
generated in the motion-blur adjusting control step and the
background component image,

wherein the motion-blur-adjusted-image display control

10 step controls the display of 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.

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

20 foreground component image; and

a motion-blur-adjustment billing control step of
controlling the execution of billing processing in
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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recorded thereon a computer-readable program, the program
further comprising:

an operation-time measuring control step of controlling
the measurement of operation time thereof; and

an operation billing control step of controlling the
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:

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 estimation of a mixture ratio for a mixed area in the
image data input 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;

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 foreground object components forming the
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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 storage control step of controlling the storing, in
real time, of the foreground component image and the
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:

an image-capturing control step of cbntrolling the
capturing of an image which is formed of the image data
formed of pixel values determined in accordance with the
intensity of light 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 charge and integrating
with respect to time the electrical charge generated by the
photoelectric conversion.
36. A program according to claim 35 for instructing a
cqmputer to perform a process 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

an image-capturing billing control step of controlling

the execution of billing processing in response to the
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command in the image-capturing command control step.
37. A program according to claim 34 for instructing a
computer to perform a process 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 and the foreground component
image and the background component image which are already
stored in the storage control step;

an image specifying control step of controlling the
specifying of a desired foreground component image and
background component image from among the foreground
component image and the background component image which are
separated in real time in the separation control step and
which are displayed in the image display control step and
the foreground component image and the background component
image which are already stored in the storage control step
and which are displayed in the image display control step;
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
control step.
38. A program according to claim 37 for instructing a

computer to perform a process further comprising:
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a combining command control step of controlling the
giving of a command to the combining control step to combine
images; and

a combining billing control step of controlling the
execution of billing processing in response to the command
in the combining command control step.

39. A program according to claim 34 for instructing a
computer to perform a process further comprising:

a storage command control step of controlling the
giving of a command to the 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 response to the command
in the storage command control step.

40. A program according to claim 34 for instructing a
computer to perform a process further comprising:

a motion-blur adjusting control step of controlling the
adjustment of motion blur of the foreground component image
which is separated in real time in the separation control
step or the foreground component image which is already
stored in the storage control step.

41. A program according to claim 40 for instructing a
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computer to perform a process further comprising:

a motion-blur-adjusted-image display control step of
controlling the displaying of the motion-blur-adjusted
foreground component image generated in the motion-blur
adjusting control step.

42. A program according to claim 41 for instructing a
computer to perform a process further comprising:

a combining control step of controlling the combining
of the motion-blur-adjusted foreground component image
generated in the motion-blur adjusting control step and the
background component image,

wherein the motion-blur-adjusted-image display control
step controls the display of 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.
43. A program according to claim 40 for instructing a
computer to perform a process 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
foreground component image; and

a motion-blur-adjustment billing control step of
controlling the execution of billing processing in

accordance with the time measured in the processing-time
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measuring control step.
44. A program according to claim 41 for instructing a
computer to perform a process further comprising:
an operation-time measuring control sfep of controlling
the measurement of operation time thereof; and
~an operation billing control step of controlling the
execution of billing processing in accordance with the time

measured in the operation-time measuring control step.



