19 January 2006 1 DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND

| MAGE- CAPTURI NG APPARATUS 5 Technical Field The present 19doaury 2006 el at es
-to image processing apparatuses and nethods, and inage-capturing
apparatuses, and nore particularly, to an inmage processi ng apparatus and
met hod, "and an i mage-capturing apparatus in which a .10 difference between
a signal detected by a sensor and. the real world is taken into _

consi deration. Background Art A techniique for detecting incidents occurring
inthe 15 real world by a sensor and for processing sanpled data output
-fromthe i mage sensor. is w dely used. For exanple, notion blur occurs in an
i mage obtained by capturing an_object noving in front of a predeterm ned
Stationary background with a VP§§5%§§ﬁ§P§'if the moving 20 speed is

relatiyel i ver an.object is moving_ in front _of a

stati 5@?& %§§§E§Eg%d%Pﬁmsy%®eE%Q%n ARy sEQPFYPRINGe ni xture of
t he ng&% Q%%ect itself occur, but also the mxture of the background

i mage-an e object i.mage occurs. 25 Hitherto, a process for handling the
.m xture state of the 19 January 2006 2 background image and the noving

- obj ect has not been '

5 Technical Field
The present invention relates to image processing
apparatuses and methods, andiimage—éapturing apparatuses,
and more particularly, to an image ﬁrocessing apparatus and
method,'and an image—capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

Background Art
A technique'fér detecting ihqidents occurringrin the
15 real world by a sensor and for processing saﬁpled data
"'output frém thé imaée sensdr-is widely used. - |
For example, motion blur occurs in an image obtained by
capturing an object moving in front of a predetermined
. stationary baCkground with-a ﬁideo caﬁera if the moviné
'20_‘speed is*relativély high. |
However,'ﬁhen an object is moving in frént of a
stationary.background,'not only does motion blur caused by
" the mixturé of the_moving‘ébject itself occur; but.aiso thé
ﬁixture of the backgrgﬁnd image- and the quecﬁ image bécurs.

25 'Hitherto, a’prOCess'for.handling the mixture state of the




considered. Disclosure of Invention The present invention_has been nade in
vi ew of the above- described background.pAn exanpl e embodP dEHRIHE040,e
present invention can detect an area in which the m xture occurs. In
accordance with a first aspect of the present invention, there is provided
an i mage processing apparatus for detecting a mxed area frominmage data
which is formed of a predeterni ned rfunber of pieces of pixel data obtained

by an | 1BaGCapri N, dlevige | ngluding g prefelermped nypber, of,  pixels,
t he pixel's §V|ng a t |ﬁﬁegra |ngl?unc i on, the Mixed area el ng
obtainech%sgggrg'xel data in which a plurality of objects are mixed in
the real world, the imge processing apparatus conprising: notion
conpensati on nmeans for conpensating for the notion of franes of the inmage
data; and area detection neans for detecting the m xed area based on the

di f f er engg shebuwees dihenpéelordata at the corresponding position in the
not i on- conpensat ed franmes. The area detection neans may detect the m xed
area to  whi-Cheaprd=ast iprxetidatiasdelcengfaidein tdiewdickl @hensodess- greater
than or equal to a threshold. The area detection neans may further. detect,
based on desempbed| badtigngendf t fa detagiled embrdimanrteagf atbovpresentd January
2006 background area in which a foreground object conponent corresponding
to a fordgvenhter manedsesctover argaeimmbigh thmauvened ¢e@kygr-ound area in

whi ch a background object conponent corresponding to a background
i ncreases oveR tapgordance with a first aspect of the present

invention, there is provided an image processing apparatus for
. detecting a mixed area from image data which is formed of a
predetermined number of pieces of pixel data obtained by an
image-capturing device including a predetermined number of
-pi_xels, the pixels having a time integrating functio_n, the
mixed area being obtained as the pixel aata in which a
_. plurality of objects are mixed in the .real-world, the image
processing apparatus comprising: motion compensation means
for compensating for the motion of frames of the image data;
and area detection méans for detecting thé mixed area based on‘
the difference between'the pixel data at the corresponding
position in the motion-compensated frames.

The area _deteétion- means may detect the mixed area to
‘which at least pixel d_ata belongs when t;he difference is
‘greatér than or equal to -a threshold.

The area det‘ection'rﬁeans may further. detect,r based on

‘ tefnpora—l change of the detected mixed arsa, a covered




The area detection neans may further detect, based on a notion vector
corresponding to the pixel data in each of the 19 Januar y93&08ry 2096 fanes,
a covered background area in which a foreground object conponent
corresponding to a foreground increases over tinme and an uncovered
background area in which a background object conponent corresponding to a
background 5 increases over tinme. TH& image processing apparatus may
further include notion vector detection neans for detecting the notion
vector. The inage processing apparatus may further include 10

m xt ur e- ratro cal cul ation nean% r calcgulatin xture ratio indicating
the stat @THIFAIEA tFeFDbjEet 34F ane%OF?lgrot“\%él pgbé?cﬁat%ompﬁﬁgnfﬂnage
processi ) further |ncI de_ _se aratlon ans for, separating
at Ieastqgu%%ggég%%l rTEéject cé#péﬁ%n? <o r 38pondithy tH%h f regr ound

from & he pioselr0at a Qlidsagnd xgr_ﬂegre DaRALION o "B | Bhecy The | mmge

processing apparatus nmay further include notion ustrn feans for

- adj usti ng:otng 8P WHr rREpof@idPt PlalbabRy IS SR £ LOREOE ANd Obj ect
- conponent 0 The inmage processing apparatus may further 1nclude

synt hesi zi ngTReaBgeh Ole SY¥OENAS Hd 4G AL NBIrctes Bedeob) eBdseM & & he
separ at ed foreground object conponent based on the mxture ratio. The
m)tr on caomens atecivrreansesmohdiaknf 6o Mm®ipgice]l data in each of the




25 conpensation by shifting a peripheral frame around a 19 January 2006 - 4
desi gnated frame so that a background object in the desilgdawdy#¢%nme is

di sposed at the same pixel position as the background object in the

peri pheral franme. The area detection neans nay detect at |east the m xed
area based on 5 the difference between the notion-conpensated peripheral
frame and the designated. frane. The area detection neans may be provi ded
with stationary/ noving determ.nation neans for performng a stationary or
novi ng determ nati on based on the di fference 10 between the pi xel data at

t he correspondi ng pixel position in the notion-conpensated peripheral
frame and the designated frane. Based on the determ nation of the

st at i onaranaemy i agealetredribaatkigrounEanseat g @heeh det sté@rourm@ans nmay det ect
i n-which of a foreground area formed of 15, only a foreground. object
conmponeny] dal mampdrtent fcomagspondingobpeat fonegheunpd urmtid¢ysed obj ects, a
background area fornmed of only a background object conponent formng the

. backgr steE Tiecnd @n tivgoviexred bpekgrhungi axetapbsiwhibrhis. The-area
detection nmeans nmay specify an uncovered 20 background area and a -covered

- backgr Aattkerand whilest soppeneategobssstobdingctelea dradkandwrd of t he
“stationary/noving deternination neans, the uncovered background area being
f orted GRS 9S QST 8R/d in the direction in which the foreground object

. is-moving ipn,the m xed area, ,the covered .25 background area being forned
" at the .Ieaapﬁgl@ﬁaeiﬂr?ﬁ%SSlng apparatus may further include

motion vector detection means for detecting the motion
vector.

The imagé proceséing apparatus may further include

10 mixture-ratio calculatidn means for calculating a mixture
ratio indicating the state in which the objects are mixed in
the pixel data. |

_The image processing apparatus may further inciude
separation means for séparating at least a foreground object

. 15 . component corresponding to a foreground from the pixel data
of the mixed area’ based 6h the mixture ratio;

The image proéessing apparatus may further include
motion-blur adjusting means‘for adjusting the amouht 0f 
motioﬁ-blur_ip the separated-foreground object cbmponent,

20 5 The image prOcesSing‘apparatus may further-include
'synthesizing'means for synthesiziﬁq another desired object
with the séparated foreground object componeht baséd 6n the
‘mixture ratio. | | |
. The motion compehSation means ﬁéy:perform motion

25 ,compéhsation by shifting a peripheral frame . around a




19 January 2006 - 5 direction in which the foreground object is ving. In
accordance with a second aspect of the invention, there 1?3”%?8%?&2% an

i mge processing nmethod for detecting a mxed area fromimge data which
is formed of a predeterm ned nunber of pieces of pixel data obtained by an
i mage- capturing device including a predeterm ned nunber of pixels, the

pi xel s having a tine integrating function, the m xed area bei ng obt ai ned
as the pixel data in which a plurality of objects are mxed in the rea
worl d, the image processing nethod“cdnﬁrising: a notion conpensating step
of. conpensating for the notion of franmes of the imge data; and an area
detecting step of detecting the m xed area based on the di-fference between

the pidekigattedt fidite Cor rgsonrdibag e RYRdcheénmehizon- conpensat ed
frames. In the area. detecting step, the m xed area to which at | east
pi xel -dastaghetedgframy e dliefpecteed athahd and fiskenpesitsofgraater than or
..equal to a threshold. In the area detecting step, a covered background area
in whi theabiokegrwinh dolbg el tin dieopenti phenreds forrtieng  Tbeaarfar egr ound
i ncreases. over tine and an uncovered background area in which a
backgr cdatieobj er t newwp grain tdefmate o ddiasd tthea nilxadkgreantasadr eases over
- ti.me, may further be detected based on tenporal change of the detected
i xex ag]é‘a.dJrﬁfe’e'%@%ir%"(ﬁﬁtfb(ﬁhien@Oﬁléﬁ,*céﬁm?@ﬁé@dbﬁékgpb@ﬁélar ea in
whi ch a_foreground object conponent corresponding to a foreground
: increas%%a%%GQHQiFR?EARF%9¥QFﬁ90¢§?@G-baCkground

The area detection means may be provided with
stationary/moving determiﬁation means for performing a
stationary or moving determination based on the differencé

10 between the pixel data at the corresponding pixel position
in the motion—compensated peripheral frame and the
designated frame. Based on the detefmination of the
stationary/moving determination means, the area detection
means may detect in which of a foregrouﬁd-area forméd of

15 .only a foreground object component forming the foreground
objeét in the plurality éf objects, a backgféund area formed
of only a background objeCt component forming the background
object, or the mixed area the pixel position is.

The‘areaadétectionfmeans méy specify én uncévered'

20 background area and a covered background aréa in the mixed -
area bésed-on the déte;mination of the stationary/moving‘
determination means, the uncovered background area-beinﬁ ‘

 formed at the trailing end in the direction in which the
foreground object is moving in the mixed area, the covered

.25 background-area being formed at the leading end in the .




19 January 2006 area in which a background object conponing correspondi ng
to a - background increases over tinme may further be dete P dep % on a
notion vector corresponding to the pixel data in each of the frames. The

i mage processing nmethod may further include a notion vector detecting step
of detecting the notion vector. 19 January 2006 - 6 The inmage processing
nmethod may further include a mxture-ratio calculating step of cal cul ating
a mxture ratio indicating the state in which the objects are mxed in

the pi xel data. The inmge processing nethod may further include a

separ at i ng; RRoRT 1 SERALAL {1 Rrel®88ta BHjRLEI SURAi0Bl ect  conponent
corresponding, to a foreground-fromthe pixel data of the m xed area based

on the mi xture katbLianbHRewiiRAE JHREASSEPE-tRifhede MByvditibier théed ude a 10
notion-blur adjusting step of adjusting the amount of notion blur in.- the

separ at edi§ Qrregtiadddawbj BeigeC prpoaesing mEtAod MAge dieeessagng wetdod may
further include a synthesizing step of synthesizing anot her desired object
Wi th the separfatedidaregnbanchiolly ést foonpbrenta basddteominke ndmber m xture
ratio. In the notion conpensating step, notion conpensation may be
per f or redrhyisiseet phgpirgdedapherbtairatherarguinage-chndivgaasedet¥eame so that
- a backgrqund object in the.desu?nated frame is disposed at the sanme pixel
posi tion ingduding a predetermined number of pixeis, the pixels having
a time integrating function, the mixed area being obtained as
the pixel data in which a plurality of objects are mixed in
the real world, the image processing method comprising: a
motion compensating step of compensating for the motion of
frames of the image data; and an area detecting step of
detecting the mixed érea based on the differencé between the
pixel data at the corresponding position in the motion-
compensated frames.
In the area detecting step, the mixed area to which at
least pixel-data_beIOngs may be detected,when the difference
is gfeater than or equal tb a threshold.
In the area detectiﬁg step, a covered background area in
which a foreground object component corresponding to a
'foreground increases over time: and an uncovered background
.-area in which a background object component ¢orreéponding to a
background increases over time may further be detected based
.on temporal change of the detected mixed area.
In the areé detecting step, a covered background area in

which a foreground object component corresponding to a

foreground increases dverrtime and an uncovered background




20 the background object in the peripheral franme. In the_area 'detecting
step, at least the mixed area may be detected based on tAgJ#ERetW8ce
bet ween the notion-conpensated peripheral-frame and the designated. frane.
The area. detecting step may include a stationary/noving 25. determ ning
step of performng a stationary or nmoving 19 January 2006 - 7 determ nation
based on the difference between the peRxel data at the correspondi ng pixel
pasition in the notion-conpensated peripheral frane and the designated
frame. In the area detecting step, it may be detected based on the

det erm nati on, ir}}.t ?Le sgat;{onar Og vi ng det erm ni nic’x step in whjch of a
- foregroufdarea TS nEd 5F %’Fﬁ'ﬁf}/ 3P EGr CUNE 5B} eCTT COHTSTER? ot i ng t he
foregrou ject. i. urality. obj egt backgr.oun rea, forned of
only a bggﬁgéj%ounéi olgﬁctgggsg%nﬁg%%n 119% oI?r# n%u%%lee%bggké;g%ﬁﬁge%b?%%?q or the
m xed argg &hgopigtlyeRBS EbPRedSondifgt BE A1E%H ARNECLIDT ;5T €Ren &l Uncover ed
. background area and a covered background area in the m xed area may be
speci fi ednbaseghe@n the determnation in the stationary/ noving determn ning
step,. the uncovered background area being fornmed at the trailing end in
the directiomd nindyeClprichestongomettivh @} etiircherMykNgde t hensorat ed
background area being forned at the leading end in the direction in which
t he f or egectund deabpetig i stappvifngetédt iagC ehdanes on Bcaothi rd aspect of the
~invention, there 1is provided a recording nmedi um having a conputer-readabl e




- program for image processing recorded therein, the program_ being adapted

to detect a mxed area frominage data which is forned dﬁjﬁmﬁFﬁg@@%rnined
nunber of pieces of pixel data obtained by an inage-capturing device
.including a, predeterm ned nunber of pixels, the .pixels having a tine
integrating function, the'm xed .area being obtained as the 19 January 2006
- 7a pixel data‘in which a plurality of objects are mxed in the real
wor |l d, the-program conprising: a UPEJQP conpensating step of conpensating
for the notion of franmes of inmage data; and an area detecting step of
detecting the m xed area based on the difference between the pixel data at
the corresponding position in the notion-conpensated franes. In the area
 det ecting Sihep image mreegsaiog nethbidchaegt fagtHanummyl @096 8 | east pi xel
data bel ongs may be detected when the difference is greater than or equal
to a thESHF 2t telatlad ida sdiem@htagd,cud atdngr admbatigeound area in
whi ch a fprs&&gund obj ect conponent corresponding to a 5 foreground

" i ner ed=SQVEI G D - B ShRESy de stk dheumbiestEsaare mbked Bnbackgr ound
objecttgogpgnggt-corresponding to a background increases over tinme may
furthé? o) $Fed - . based on tenporal change of the detected m xed area.

f of egr ound "0Dj €C
sepgratihg step of separating at least a foreground object

o SRR Re B e B B PR HoBERE: %egd? 4 v 2

lcomponeht'correspoﬁding‘to a foreground from the pixel data
of the mixeq arealbased on the mixture ratio.

The image processing method may further include a

10 motion-blur adjusting step of adjusting the amount of motion
blur in. the sepérated foreground object component.

The image pro;essing method may further include a'
synthesizing step qf synthesizing another deéired object
with the separated foreground cobject component based on the

15 'mixture ratio.

In the motion compensating step, motion compenéation
may be performed by.shifting a peripheral-frame'around a
designated frame so that a background object in the
deSignafed f:ame is disposed atvthe same pixel poéition~as

20 the background object iﬁ'the'peripherallframe. Iﬁ thé area
 detecting step, at least the mixed area may be detected
‘based on the_difference between the motion—compensated'
péripheréi‘frame and the designated frame. |
_The aréa.detecting step may include a stationary/moving

'25 detgfmining,step of performing a stationary or moving




- foreground increases over time and an uncovered background area_jn which a
background obj ect conponent corresponding to a backgrouﬂg ?W%?%%@%% over
time may further be detected based on a notion vector corresponding to the
pi xel data in 15 . each of the frames. The program may further include 'a
notion vector detecting step of detecting the notion vector. The program
may further include a mxture-ratio- Talculating step of calculating a

m xture ratio indicating 20 the state in which the objects are m xed in
the. pixel data. The program may further include a separating step of
separatig& at | east a foreground O?%?Ct conponent correspondln to a

f or egr ourfte tREBIN 2 HehiBasledd b tHe éfeﬁ?&ﬁﬁjQﬁﬁﬁﬁeBa§€ﬂ Bhxehed ﬁ?&ture
ratio. 25 . The program may further include a notion:blur adjusti 19
January 2506h§ Cor‘s’g%%‘”lﬂ‘mﬁdjp&&% ngo% Het Unodinth6t MAbt P WP Sf“ﬁe‘?he

separ at ed ran1na¥nfq{ther |§clude a

d_ob
syntheS|iFﬁdpé?g%Pu ra%?%?ﬁégcgggoqgﬁéﬁﬂgp(ﬁ §fged obj €Ct Wt h2 R
Separ at e%et%cfc%?‘*:gg 'i:nd (Ebjmgﬁt p& OHRPLS %%%Sg of Hl]ee B&E&h’iﬁ#%ﬂo In

the notiaon ¢o p; nDtlon conmpensati on e perfornmed by

Shi 11110 & PehPharalo L%@nﬁnomgn @teﬂm&geat@&pf [ P 130 dehabea backar ound

object in the deS|gnate rame |spose at the sane pixel position as
10 the bagkgnesinth obfCtrdrhelih@spP@nphar eflorfaéﬁﬂﬁld Igbilbe @abpBonetet ecting

step, at least the m xed area may be detected
forming the foreground object in the plurality of objgcts, a
background area formed of only a background object component
forming the background object, or the mixed area the pixel
position is.

In the area detecting step, an uncovered background area

and a c¢overed background area in the mixed area may be

specified based on the determination in the stationary/moving
determining step, the uncovered background area being formed
at the trailing end in the direction in which the foreground

object is moving, the covered background area being formed.at

the leading end in the direction in which the foreground
object is moving.

In accordance with a third aspect of the invention, there
ris provided: a recording'_mediﬁm. having a comp@terwreadable
pfogram. for image processing recorded thefein, the program
being-adapted to détect a mixed area from image data which is
formed of a predetermined number of pieces of pixel 'data

 obtained by - an ~image-capturing device Jincludiﬁg a
predétermined number of pixels,: the pixels having a time

.integrating function, the mixed area being obtained as the



- based on the difference between the npotion-conpensated pgripheral frame
and the designated frame. The area detecting step may i ndP Jamagy 2006
stationary/nmoving 15 determning step of performng a stationary or noving
determ nation based on the. difference between the pixel data at the
correspondi ng. pixel position in the notion- conpensated peripheral frame
and the designated franme. In the. -araa-detecting step, it may. be detected
based on the 20 determ nation in the stationary/ noving determning step in
whi ch of a foreground area formed of only a foreground object conponent
forming the foreground object in the plurality, of objects, a background
area for rRigedf dagal ynawhpak kar biwer bbjvectf duwpsaentef sinedgirhshdackgr ound
object, 25 or the mxed area the pixel position is. 19 January 2006 - 10 -
In the ard@ldét&dtr nghet BFOIBH UFIBIEsdBIback gt OURPER AU e2PMRERGakiBBver ed
backgrounqiare% in the mxed area naﬁ be specified based on the

det er mi nati8n %tn SPRRERT A" GndPy/ B REELeter nfHeS QlepmefReddhRbver ed
backgrou rea _bein med at the trailing end in the direction in which
the fore%&gﬁﬁg a%%fegFL§%Fln i%%ﬁ? P%ed8g3%#¥§$'ﬂgﬁdegﬁ da§F8agﬁﬁ?%g f or med
at the | gadkng,€ j h i tJ I3 i the fore ject is
novi ng. I(')(r?l1 g?cg;ogggﬁ%%&v(\%e t %eg%%r?ﬁ@;&%&\(@? d%? 2t %g ?%%e%%%,gofl ﬁg}rui i's

provi ded ;R sPEPEK am \Mﬂbciﬂo@ﬁ}iﬁ%m?e&é)&%& @hahQs €xecute the follow ng steps,
the conputer being adapted to detect a m xed area frominmage data which is

formed of a prhegied eir@hngsduaihgr step, the mixed area to which at




of pieces of pixel data obtained by an inmage-capturing device including a
predet ermi ned nunber of pixels, the pixels having a timi%Jameg240ng
function, the m xed area being obtained as the pixel data in which a
plurality of objects are mxed in the real world: & notion conpensating
step of conpensating for the notion of franmes of inmage data; and an area
detecting step of detecting the m xed area based on the difference between
the pixel data at the correspondinggpasition in the notion- conpensated
frames. In the area detecting step, the mxed area to which at |east pixe
data bel ongs nay be detected when the difference is greater than or equal

to a threshold. In the area detecting step, a_covered background area in
whi ch B33 F KRGy HBhPT St wer othe fbli%fafmﬁaﬁﬁ 2006 -

10a foreground increases over time and an uncovered background area in

whi ch & b‘g%%treoﬁjntgi%bjoé%te%’c?ﬁpoq%rﬁ "%H'r‘? ding to a background

i ncreases er.. ti further be detected basgd-- on tenporal change of

t he detectgé‘éP%e -§g2§FtFEtER 'gigg’dgtggfﬁﬁﬁxgg) ,ggogggeﬁéﬁabackground

area ih Wi 2 dArEa o S oot SURONSN SOLLeSHONND do 2 19 January

2006 - 11 . fore | NCF eases over “t1 e and an % dtkground

PR b ALY AN B, RSP Dy D o
y further be detected ased on a i on vector
cor r egy@diing Whd dnh ey @d@ﬂgﬁyﬁﬁaidﬁject component corresponding to
a background increases over time may fur£her be detected -
based on temporal change of the detected mixed area.
In the area detecting step, a covered backgroﬁnd area
1¢ in which a foreground object component corresponding to a
.foreground increases over time -and an uncovered background
'.area in which a background object component corresponding to
a background increases over time may further be detected
- based on a motion vector correéponding to the pixel data in
i5 - each of the frames. | |
| The program may further includeia-motion vector
detecting step of detecting the motion vector.
The program may further include a mixture-ratio
galculating step of calcuiating a mixture ratio'indicating
. 20 the state in which the objeéts are.mixed in the pixzel data.
The program may further include a separétinq step of
.separating at least a foreground object'cbmponeﬂt
bbrresponding to a foregrbund‘from the pixel daté of the
;hdxed‘area'based'On thé mixture ratio. |

 25 . The prpgram may further include a motioneblur adjuséing.




each of the frames. The program may further include a notiaon vector
detecting step of detecting the notion vector. The progr dfhiaedary 20Qher
include a mxture-ratio calculating step of calculating a mxture ratio
indicating 10 the state in which the objects are mxed in the pixel data.
The program may further include a separating step of separating at |east a
foreground object conponent corresponding to a foreground fromthe pixel
data of the m xed area based on th@ m xture ratio. 1.5- The program may
further. include -a notion-blur adjusting step of adjusting the anmount of
notion blur in the separated foreground object conponent. The program nmay

furth Lnelude - ‘ i zi_ng:step of Nt hesi zin ot her desired object
with %Egbsggaggggg%égh?gigbro ﬁﬁmbﬁ?ggFﬁ%ﬁﬁbgﬂgﬁilgaggﬁ gRPRRatRAXt ure
rati ogobkRatRG i (o] ting step, notion conpensation nay be
perforﬁedgby ?EPPP?%Sangé‘?%ﬁ%ﬁa| frame around a designated frane so that

back i i ' : | N t,.th . pi xel
posi 11 on A S B e e R bOBrE REnChBRER e S o T The

area 39ndnBearynd08fothbe HaLisel BYISEPwidh kRaASLepIE plyed area may be

detected based on the difference befween the notion-conpensated peripheral
f ranefandgtbandesbgaatedohpament basaneandehechiRBusbepafRy i ncl ude a

stationary/nmoving determning step of performng a stationary or noving
In the motion compensating step, motion compensation
méy be perfofmed by shifting a peripheral framne around a
designated frame so that a background object in the
designated frame is disposed at the same pixel position as
10 the background object in the peripheral ffame. In the area
‘detecting step,:at least the mixed area may be detected
- "based on the difference between the motion-compensated
_peripheral'frame_and the designated frame.
The'area'defecting step may include a stationary/moving
15 determining step of performiﬁg a stationary or moving
' determinatioﬁ based.on the_diffefence 5étween the pixel data
at the corresponding.éixel position in the motion-
compensated peripheral frame and the designated frame. In
lthe,area Qetecting step, it may be detected based on Ehe
20 ~determination in‘the stationary/moving determining step iﬁ
which of_a.foregréﬁnd area formed of only a foreground
objeét component forming the foreground object in the
pluralityjof objects, a background area formed of only a
background object*éompéhént forming ﬁhe backgroﬁnd object,

25  or the mixed area the pixel position is;-




determ nation based on the difference between the pixel data at the
correspondi ng pi xel position in the notion-conpensated pP&rppeasy P05 r ame
and the designated frame. In the area detecting step, it nay be detected
based on the determ nation in the stationary/noving determning step in
which of a foreground area forned of only a foreground object conponent
“forming the foreground object in thelflurality of objects, a background
- area formed of only a background object conponent formng the background
object, or the mixed area the pixel positionis.. In the area detecting
step, an uncqvered background area and a' covered background area in the
mi xed ' area iy B8 2ERRcAPTETPEsFBn PRe VBEPBRTEhRF TP LoMneharea

st ati onary/ novi n deternininﬁugaep, t he, uncovered b cgground area being

formed &°%hd (PIEFRg BEIT e Hfect? orftn B 82 §¥dgrBaind
. 0bj ect | i ng, red round _ar.ea bein ornmed at _.the leadin
JECt IeRRALEs i G ahad BAREIAL QDA RS BOLLOGEES Bluihe T eading

end inth regroun objecf I'SToVi

- accordanGgeWirhinfhd | dddp, aspRCty ok BEG | BYEREI R ta*}%%g pelifh prf?ﬂng@d an

i mage- capturing apparatus conprising: inage- capturing nmeans Tor outputting
a subj ectat1¥ndanvat VikPUha b3 thd HBILEaPL dewmchar\;ﬂerm&efegil%ﬁﬁl ng

- device including a predeterm ned nunber of pixels as imge data consisting
of a  presgeet nignetbvinghernel cpreeas KickRirsghd datan HdiagPirsehsa Having a

time integrating function; notion conpensation nmeans for conpensating for
the noti aheofldddaﬁas evid the ithagedidmickion in which the foreground
object is moving.

In accordénce with a fourth aspect of the invention, there
is .provided a program which causes a computer to execute the
following steps, the computer being adapted to detect a mixed
area from image data which is formed of a predetermined number
of pieces of pixel data obtained by an image—caﬁturing device
including a predetermined numbef of pixels, the pixels having
a time integrating function, the mixed area being obtained as
the pixel data in which a plurality of objects are mixed . in
the real world: a motion compensating step of compensating for
the motion of frames of image data; and an area detecting step
of detecting the mixed area based on the difference between
‘the pixel data at.the'correspohding position in the motion-
compensated frames.

In the area détecting step, the mixed area to which at

'least-pixel data belongs may be detected when the difference
is greéter than or equal to a threshold. |

In the area detécting step, a éovered background area in

which a foreground object component corresponding to a




~and area detection neans for detecting fromthe inmage data_a m xed area as
the pixel data in which a plurality of objects are nixed?J#4Rpe20%al world
based on the difference between the pixel data at the correspondi ng
position in the notion- conpensated frames The area detecti on neans may
detect the m xed area to .which at. |east pixel data bel ongs when the
difference is greater than or equallGzo -a threshold. The area detection
means may further detect, based on tenporal change of the detected m xed
area, a covered background area in which a foreground :object conponent
corresponding to: a_ foreground increases over tinme and an _uncovered
backgr ouf®@r&FEATh WATEIRSE bR obiHlP oBPEctat CHRIRERE AGCKEEPHRHi ng to a
background ing¢reases over tine. The area detection neans may further
det ect, ﬁé?édlﬁnwﬁ%cqﬂﬁtPBHkQ%QHQﬂ'Q?Q?FESERWRﬂWiEtt8°f¥ﬁ§ﬁﬁn9é¥gd5?eﬁi n each
- of the rames, a, covered background area in ich a reground obj ect
ConponentBoFRURL G SEa% st OF ehr BT nbredtss bsy et ERES Herh
"~ uncovered._b n . i rQu obj ect conponent
'correspogﬁigéﬁgggg'%ggﬁggéﬁﬁ&h%h?ggﬁgﬁﬁgﬁégﬁgogg%Ll4- i ncreases over tine.

- The i mage- capf Uph 00, ARPAEAMET i HBY stUpt her cbﬂ%é@%ack@%ﬁﬁ’@_ Yegt of, detection

nmeans for detectlng t he mot | on Véctor..S'T | mage- capturing apparatus may
- further kmgkHde rdPeytbhRd IdHie@tCabipd@intORoPBadordAhgCab Cll ating a m xture




ratio indicating the state in which the objects are mxed in the pixel

data.- The image-capturing apparatus may further include 12dpmagt? means

for separating at | east a foreground object conponent corresponding to a

foreground fromthe pixel data in the m xed area based on the m xture

ratio. The imge-capturing apparatus may further include notion-blur

adj usting neans for adjusting 'the anmount of ..15- notion blur in the

separat ed foreground object conmponent,. The inage-capturing apparatus nmay

further include synthesizing means for synthesizing another desired object

with the separated foreground object conponent based on the mxture ratio.

20 -The notion conpensati on nmeans may . perform notion conpensation by

shi fti ngoxegEpipHeiarreépane avountine atebiagnatevierade beckgimatind backgr ound

object in the designated franme is disposed at the sanme pixel position as

t he bacR§F8urd UB}L@gtai hackgrgiend pheiest fqomponentTigeraespond2gg to

det ecti on-neans nmy detect at |east the nixed area based on 19 January 2006

- 15t RePEFKPEPBRECLRETGRERS (I Tdtimsh Mvhfanddiead bsedefretsr frane  and

t he deshgnated frame, . The area detection neans nmay be provided with

stati ondPFFHofPng BRELPH Fettoh TRERRSHBAING 6y ey Pixed; datandRy or
nnvhgg dgtﬁrg%ngéio? based on the difference between the pixel data at.the

"corresp%nﬁlng pI 8l 5@%?7Ion in the notion-conpensated peripheral frane

‘.and the deSi§HEu§¥%gram may further include a motion vector
detecting step of detecting the'motion'vedtor.
v The program may further include a mixture-ratio
calculating step of calculating a mixture ratio indicating
10 the state in which the objects are mixed in the pixel data.
.The program may further include a'separatiﬁg step of

separating at least a foreground object component

corresponding to a foreground from the pixel data of the
mixed area based on the mixture ratio.

15; The .program may further include a motion-blur adjusting

step_of adjusting the amount of motionlblﬁr in the separated.
foreground object compoﬁent.
The program may further igclﬁde a synthesizing step of
SynthESizihg another desired object with the separated -
;20_ 'foreéround object componenf'based on the mixture‘ratio.
In the motion Compeﬁsating step, motion compensation-
méy be performed by shifting:a peripheral frame around a -
.:designated frame so that a backgrouhd.object in the
" designated frame is disposed at the same‘pixel poéifion as

25  the‘baékgrQund object "in the'peripheral frame. In the area '



frame. Based on the determ nation of the stationary/nnvigg deter&kgation
means, the area detection neans may detect in which of By & ar ea
formed of only a foreground object conmponent form ng the foreground object
in the plurality of objects, a background area forned of only a background
obj ect conponent form ng the background object, or the m xed area the
pi xel position is. The area detection2means may specify an uncovered
- background area and a covered background area in the mxed area based on
the det erfRRA%8A SEeRherstldrisenihg/ Hb¥shg et @aii hat doke Fhesh dasere

uncover ed_backgr oy area being fornmed at the trailing end in_the_ direction
in which ?Ihe%hgordéggﬁﬁweob}i’%??eeins TRV i FRFH R CRBPARSAFdarReL ibhE 2L over ed
backgr oun rea .bgi ng, f orne t.the leading end in the direction in which
t he fored&gﬁﬁagggjgkﬁgﬁﬁfl “%ﬁ%%ﬁ*ﬁﬁefhe exanpl e enbodi nent, the notion of

f foi ' d . ' ' d
rames of |nage f(aba desce%%g?ﬁgéﬁéfﬁ mB?r &n@ﬂgd o ’é%gt%r?aarg@ﬁg?%g?t €

based on. the difference i Xe ata at. the corre

- Posi ti onyddd g ARt | 9Repl9 JANUAIY 2008, - 16 <€ ted, fragesng Thi s
enables a mixed area in which mxture otcurs to be détected in the exanpl e

enbodi nerdeteBinli fht L5 BAfRId W Ahet kA P A AYSHdT@en] ch! B3kbat agran
enbodi nent of a signal processing apparatus according to the present
i nventi omat Rilg cdricespodlioek pdikagr aosidildmstimatthag mbbeost @iglensated
peripheral frame and the designated frame. In the area
detecting step, it may be detected based on the determination
in the stationary/moving determining step in which of a
foreground area formed of only a foreground object component
forming the foreground object in the plurality of objects, a
bgckground area formed of only a béckground'object component
forming the background object, or the ndxgd area the pixel
position is,

In the area detecting step, an uncovered background area
and a covered -background area in -the mixed area may . be
Specified based on the determination in the stationary/moving
determining step, the ﬁncovered background area being formed
at the trailing end in the direction in which the foreground
'objéct is moving, the covered background area being formed at
the leading end in the direction in whi@h thé foreground
:bbjec't is moving.

VIn accordance with a fifth aspect of the invention; thEre
iS'piévided an imagefcapturing apparatus comprising: image-

capturing means for outputting a subject




processing apparatus. Fig. 3 illustrates the inmage capturigg perfornmed by a
sensor. Fig. 4 illustrates the arrangement of pixels. Fid?8nyary 4G at es
the operation of a detection device. Fig.6A illustrates an inmage obtained
by i mage capturing an object corresponding to a noving foreground and an
obj ect corresponding to a stationary background. Fig. 6B illustrates a
nodel of an imge obtained by imge-18apturing an object corresponding to a
novi ng foreground and an object corresponding to a stationary background.
Fig, 7 ilimager ataxturedackyr oamd imeas-capfwriegr odadiee eaincdudimgeck area, a
covered background area, and an uncovered background area. Fig. 8

i 11 ust r attF§dgtestiaiedo PUaEPREdC By PEXPEdishginaget [fatat ioeas#sEEnd idh & he pi xel
val ues of pixels aligned side-by 19 January 2006 side in an inmage obtai ned
by i magePESPELFTHG S BEREG °EomiespdndithgPideh SRy ondty . PEBREYr ound and
an the obj_ect 00£respoq%jng to a_stationary background. Fig. 9 illustrates
a. nodel XA BhE I et HTEES G r BT RBANEREIPH FHEPIRSAE G r BE DN and t he
period c e i . to the _shutter ti is divide Fi.g. 10.illustrates a
Poder i gk SRABALAEikP b0C B hbElon (] detice o SheiPasd G dna. « ne
peri od CQuheapONUNdect 8! RE AN kLER; AP ddiflate 1Rabd dtadd'

illustrates a no ich pixel values
mixed area as the pixel data in which a plurality of objects
are mixed in the real w;rld based on the difference between
the pixel data at the cbrresponding positién in the motion-

compensated frames

| The area detection means may detect the mixed area to
which at least pixel data belongs when the difference is

greater than or equal to a threshold.
The area detection means may further _detect, based on
temporal change of the deteéted mixed area, a covefed
background area in which a foreground  cbject component

corresponding to: a foreground increases over time and an

‘uncovered background area in which a background object

component corresponding to a background inereases over time.
' The area detection means may further detect, based on a
‘motion vector‘correspoﬁding to the pixel data inieach of the
' frames, a covered backgrqund area in which aAforeground cbject
éomponent correspohding to a foréground. increases over time
and an uncovered background area in which a baékground.object

component corresponding to a background




expanded in the time direction and the period correspondin% to the shutter
time is divided. Fig. 12 illustrates an exanpl e in whi chlBJamasy 20065
foreground area, a background area, and a m xed area are 15 extracted.
Fig. 13 illustrates the rel ati onshi ps between pixels and a nodel obtained
by -expanding the pixel values in the tine direction. Fig. 14illustrates a
nodel in which pixel values are 20 expanded in the tinme direction and the
period corresponding to the shutter_tinme 'is divided. Fig. 15 illustrates
a nodel in which pixel values are _e}ééﬁded inthe tine direction and the
period corresponding. to the shutter tine is divided. ..25 , Fig. 16
illustrates a nodel in which pixel values are 19 January 2006 expanded in

. the ti mindineeskisonvend ttihe.peri od corresponding to the shutter tine is
divided. Fig. 17 illustrates a nodel in which pixel values are expanded in
the. ti me dir &bei nagadcebpeupbng cbreoatespaadi fgprkhes tthelstatter tine is
divided. Fi,g. 18 illustrates a nodel in which pixel values are expanded in
the ti mRodiiP8ciieshoandetretpeni BerrdrFes plaidiclging tthe motdlom ter tine is
divided. -Fig. 19 is a flowhart illustrating the processing for 10

adj ust | N§SRE& -amount of motion blur. Fig. 20 is a block di agram

illqgtrating { he, configuratjon of an area specif%ing,unit 103.
The image-capturing apparatus may further include

mixture-ratio calculation means for calculating.a mixture
“.ratio indicatipg the staté in which the objects are mixed in
the pixel data.
The image-capturing apparatus may further include
10 separation means for separating at least a foreground object
component corresponding to a foreground from thé pixel data
in the mixeq areaAbased on the mixture ratio. |
The image-capturing apparatus may further include
motion-blur adjusting means for adjusting the amount of
.15 motion blur in the separated foreground,object'coﬁponent,
| Thelimage—capturing appératus may further ihclude
' syﬁthesiZing means for éynthesizing another desired obiject
with the separated foreground objectlcomponent based on the
_ﬁixtﬁre ratio.. |
20 . . The motion compensation means may'perfdrm‘motion
compensation by shiftingla peripheral frame around a
designated frame so that a background object in the
'i.designated frame is disposed at the same pixel positibn as -
~ the backgroundlobject in.the_peripherél‘framec The.aréa

-25 detéction means may.détect at least the mixed aréa based on




~Fig.-21 is a block diagramillustrating the configuration of the area
specifying unit 103 in nore detail 15 Fig. 22 illustratéed anywrpédds made
by a notion capturing portion 222. Fig. 23 illustrates an i nage when an
obj ect corresponding to a foreground is noving. Fig. 24 illustrates a nodel
in which pixel values are 20 expanded in the tinme direction and the period
corresponding to-the,. shutter tinelids-divided. Fig. 25 illustrates a
nodel in which pixel values are expanded in the tinme direction and the
peri od corresponding to the shutter tine is. divided. 2.5 Fig. 26

iIIustraterh 41 go whi ch |er val ues are 19 January 2006 - 19.
expanded T Hé& FFﬁ%F?n ¢UEPBN %ﬁuﬁqqﬁ?np8??ERP%ﬁSPPeE%E%RRQﬁjlt6r?%% shut t er

time is %iq§g e . 2% |I£ustrates the conditions for determ ning the
area. 5 F gt ) exanple of the result obtained by

speci fyi ng t hgoar egréy R R A 'thffe;at es

an exanple of the result obtalned y speC| §|ng t hePAFER D
speci fyi ngt 4RbhadPAoviihd. R8Crhk hisid At es exgupl e 0 resu
obt ai ned - 18'éy gﬁ%cf??igg t he gre y%y t he %ﬁ%ﬁa s%%%|f§|n95{ﬁ%ﬂ 10 Fi g.

28D i || ustagtiesany examelvengl deierhesit forODt A don b?fhép‘%ﬁ'fff)éké]xgcé he ar ea
by the area specifying unit 103. Fig. 29 illustrates an exanple of the

-result oleaivnenl the pixel data at the corresponding pixel position in

the motion-compensated peripheral frame and the designated
frame. Based on the determination of the stationary/moving
determination means, the area detection means may detect in
whigh of a foreground area formed of only a foreground obkject
. component fo;ming the foreground object in the plurality of
objects, a background area formed of only a background object

component forming the background object, or the mixed area the

pixel position is.

The area detection means may speéify an uncovered
background area and a covered background- area in the mixed -
area based on the determination of the stationary/moving
determination means, the uncovered background area being
fqrmed at the trailing end in the‘idirection in which the

' foreground objéét is moving inrtherndxed area,'the covered
.background‘ area being formed at  the leading end in the
- direction in which the foreground 6bject is ﬁoving.

:In the example embodiment, the motion of frames of image
data is compensated for, and a mixed area is detected bésed on
thg qifference between pixel data _at thé corrésponding

position in the motion-



by specifying the area by the area specifying unit 103. 15 Fig. SO is a
fiowchart illustrating the area specifying processing. RBPdandgy2Q06,

flowchart illustrating the area specifying processing.' Fig. 32 is a block
diagramillustrating another 20 configuration of the area specifying unit
103_ Fig. 33 illustrates a nodel in which pixel values are expanded in the
time direction and the period corresgénding to the shutter tine is
divided. Fig. 34. illustrates an exanple of an area specified 25 object.
19 January 2006 - 20- Fig. 35 illustrates an exanple of a

not i on-conpensated, area specified object. Fig. 36 illustrates an exanple
of the pr%§%§§Fﬁbe$ﬂH@meBy a threshol d-val ue processor 255. 5 Fig. 37 is a

bl ock diagramillustrating the  configuration of a tine change detector
256. Fig. 38 PRPUSEPAIEs T HEURE et dihisPodBeErRy REGEEE DY U 11 me

change de t 256.. . Fi illustrates the determ nation processing nade
10 by thékg%ﬁgggﬁghggedg¥%ﬁ§%§'e?%églﬁfﬁﬁ‘40 illustrates the conditi-ons for

determ niglg tehBes M1 ERY0RT SR dHI: ré‘;'ij“fis a flowchart illustrating the area
speci fying processing per orneg y the area specifying unit 103
' Fig. 1 illustrates an embodiment of a signal processing
‘apparatus according to the present invention.
Fig. 2 is a block diagram illustrating the signal
- processing apparatus.
Fig. 3 illustrates the image capturing performed by a
sensor.
_ Fig. 4 illustrates the arrangement of pixels.
Fig. 5 illustrates the operation of a detectién device.
- Fig.6A illustrates an image obtained by image-
- capturing an object corresponding to a moving foreground and
an object corresponding to a stationary background.

Fig. 6B illustrates a model of an image obtained by image-
éapturing an object cbrresponding to a moving foreground and
an object corresponding £o a stationary background.

Fig, 7 illustrates a background afea, a foreground area, a
'mixed area,  a covered background area, and én uncovered
background area. |

Fig. 8.jilustr§tes a model obtained by expanding in the

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




15. Fig-.42 is a flowhart illustrating in detail the processing for
detect?ng a covered background area. or an uncovered pad?dﬁaﬁﬁﬂggmea. Fig.
43 is a block diagramillustrating still another configuration of the
area. specifying unit 103. 20 Fig. 44 illustrates the determ nation
processing perforned by an identification-unit 281.. Fig. 451is a
flowchart-illustrating in detail the processing for detecting a covered
background area or an uncovered background area. . 25 'Fig. 46 is a bl ock
diagramillustrating an exanple of 19 January 2006 - 21- the configuration
of a mxture-ratio calculator 104. Fig. 47.illustrates an exanple of the

i L ti . Fig..48 illustrates npdel i.n which pixel val ues
';(r:lgal 5%%%%:1 ed&?ni-ri%f"fge t?k%’ggald}erdelayf &H‘aéfﬁa%ﬁguﬁéwoanc‘am %%Egndi ngI toI t he
' ‘b i jvided. Fi.g..49 illystrates nodel i p whic i xel val ues
Z?gttg;%%%ggﬁbéﬁﬁ%ééfﬁér%a%ﬁégiﬁﬁ%5¥:§% e@ﬁ@“ﬁér?ﬁa %BrEQ%p%ﬁE?EE to the
hut t J } i V1 . P Bl rates the approximati on using,
'fhg gg?%%?ﬁ??iﬂﬂ%g%aggﬁl%%%Ea%gﬁ%%'?gﬁﬁgkgﬁ §f Fig. 5.1 illustrates the

conti gurati on ot e eurFRRtEs. f P tAry i e AR A (T 50 1
i |1 st resteendiad et MHeA ) rRS difflc@d ol XhH! €he period corresponding
to the shutter time is divided.

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

10 Fig. 11 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shgfter Eime is divided.

-Fig. 12 illustrates an example in which pixels in a
fbregrdund.areé, a background area, and a mixed area are

15‘ extracted. - |

) 'Fig. 13 illusﬁrates the relationsﬁips between pixels
and a model obtained by expanding the pixel valﬁes in the
time direction.

Fig. 14 illustrates a model in which pixel values are

l20' éxpanded in the.time direction and the period cofresponding
. to the shutter time is divided. | |
Fig. 15 illustfates a model in which pixél values are
iexpanded.in the time diréction’andAthe period corresponding
-'to the shutter time ié divided. | |

- 25 . “Fig. 16 illustrates a model in which pixel values are -




~ratio. Fig. 54 is a block diagramillustrating another configuration of
“the mixture-ratio calculator 104. Fig. 55 is a flowhart 19ippuasy 286 ng t he
m xture-ratio 20 cal culation processing. Fig. 56 is a flowchart
illustrating the processing for <calculating the estimated m xture ratio.

;Fig. 57 illustrates a straight line for approximating the m xture ratio a.
.25 Fig. 58 illustrates a plane for approximating the 19 January 2006 -
- 22 mxture ratio a. Fig. 59 illustrates the relationships of the pixels in

a plurality of frames when the nmixtUre ratio a is calculated. Fig_ 60 is a
bl ock diagramillustrating another 5 configuration of the m xture-ratio
- estimation processor 401. Fig_ 61 illustrates an exenplary estimated
- ni xt uPEPapgedoinFthe §imes direfitdmphant itheuperavingorhespoxting-rati o
estin&ting prgcessin%;by using a nodel corresponding to a 10 covered
backgFBuhtt€aPBHttergtigs s dimiger-di agramillustrating an exanple of the
configUTatggn oi a.ifrgground/back round separator 105. Fig. 64A
illustrate&*@n thph pates ?dP@g?%uh@ whp@hopbsel i vakjkes aank a backgr ound
conpo . :MRge. éﬁ Fig.. 64B illustrates a nodel of an input imge, a
foreg?gﬁéadggnggn £ %gﬁﬁeglﬁﬁﬁkéoﬁaéﬂﬂrEhﬁdpééhﬁénﬁﬁFr?ﬁﬁ@@dlng |
5 to the shutter time is divided.
.Fig- 18 illustrates a model in which pixel values afe
- expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 19 is a flowchart illustrating the.processing for
10 adjusting the amount of motion blur.
Fig. 20 is a block diagram illustrating the
configuration of an aﬁea specifying unit 103.
Fig. 21 is a block diagram illustrating the
~configuration of the area specifying unit 103 in more detail.
15 Fig. 22 illustrates a process made by a motion
' capturing portion 222.
Fig. 23 illustrates an image when an object
corresponding to a fbreground is moving.
Fig. 24 il}uStrates a model in which pixel values are
20 expanded in the time'direction'and the periocd corfespoﬁding
to the. shutter time is divided.
Fig. 25 illustrates a model in which pixel values are -
expanded in the time direction and the period correspohding
to the shutter time is. divided. | |

25 o Eig- 26 illustrates a model in whicﬁ-pixél-values are




" Fig.. 65 illustrates a nodel in which pixel values are expanded in the
time direction and the period corresponding to the shut ti@Jangars29@6

divided. 20 Fig. 66 illustrates-a nodel in which pixel values are
.expanded in the tinme direction and the period corresponding .to the
shutter tinme is divided. Fig.-67 illustrates a nodel in which pixel values
are expanded in-the tine direction and the period corresponding 25 to the
shutter tinme is divided. 19 January 2006 --- 23 . Fig. 68 is a block
diagramillustrating an exanple of the-configuration of a separating
portion 601. Fig. 69A illustrates an exanple of a separated foreground
conmponent i ma -5 -Fi 69B i| | ustrates an exanple of a separated

ge. . 9. . C ¢

backgF¥HAREEnbBnERE FAREediregtion padathpopekrape FPruesperdhegt he

pr ocessi fo eparating a . foreground and a background. Fig. 71 is a
‘ bIockéaigg?aﬁﬁ?Fﬁﬁgt%éPansaﬂlgkggﬁre of 10 the configuration of .a
not i on- bl uk. adj.ust ] unit. 106.. Fig..72.illustrates the unit of '
processi nlgfl‘?h gﬁ%?%%??%ﬁ PG ?f%b%’rgjr‘?flﬁ\ﬁ?% HeP AN diffes  of a
Toregégggd conponent image are expanded in the time direction and the
peri od coiresponding to the shutter tine 15 is divided. Fig. 74

g ustrat aed, el | i Aled N RLGp 28 S endt JRAAY U GRpOnent | maoe
by specifying the area by the area specifying unit 103.
| Fig. 28B illustrates an example of the result obtained
.by specifying the area by the area specifying unit 103.
Fig. 28C illustrates an example of the result obtained
10 'by-specifying the area by the area specifying unit 103.
| Fig,,ZBD illustrates an example of the result obtained
by specifying the area by the area specifying unit‘103-
Fig. 29 illpstrates an example of the result obtained
by specifying the area by the area specifying unif 103.
15 . Fig. .30 is a flowchart illustrating the area specifying
'.processing. | | |
Fig. 31 is a flowchart illustrating the area specifying
pr&cessing;
 :-Fig. 32 is a block diagram illustrating another
20 configuration_gf the area specifying unit 103.
| Fig. 33 illustrates a model in which pi#el values are
eXpaﬁdgd in the time direqtion énd the period corresponding
-_to‘the shutter time is divided. |
Fig..34.illustraté§ an éxample of an area specified

25 -objecﬁ.




direction and the period corresponding to the shutter tine is divided. 20
Fig. 75 illustrates a nodel in which the pixel values .df Janyagy 28ound
conponent image , are expanded in the time direction and the period
corresponding to the shutter time is divided. Fig. 76 illustrates a nodel
in which.the pixel values 25 of a foreground conponent inmage are expanded
inthe time 19 January 2006 - 24- direction and the period corresponding to
the shutter time is divided. Fig. oy.illustrates another configuration of
the notion-blur adjusting unit 106 5 Fig. 78 is a flowhart illustrating
the processing for .adjusting.the amount of notion blur contained in a

f oreground_conponent i mage perfornmed by the notion-blur adjusting unit

106. Fig. 789rs3a bloBRtEREEFaR ﬁfiﬁ@?iawﬁgaam@th@m—@&w@atq@ of the
configuration qof_ .the Eption-blur adjusting unit 10.6. .Fig. 80 illustrates
an ex&ffPe SBECATA64ePPIRSHhi ch the rel ati onshi ps between pi xel val ues and

f or eground,.co en re.indicated. Fig. 8L ill-ustrates the _ cal cul ation
- of fgregrogﬁgvpgg %%ﬁ%%ﬁEﬁng an %ﬁ@@pgﬁ PF | tRe rRfRceFPtRE Mt at i-on of

.;8;?959“5dth%%§38@8ﬂ5§1ugi%ro%%sggra2%%9“Chart iIIustrating t he processing
5 | Fig. 37 is a block diagram‘illustrating the
configuratioh of a time change detector 256.
Fig; 38 illustrates the determination processing made
by the time change detector 256. -
. Fig. 39 illustrates the détermination procgssing made
10 by the time change detector 256.
Fig. 40 illuﬁtrates the conditions.for determining the
mixed area. |
Fig. 41 is_a flowchart illustrating the area specifying
processing performéd by the area specifying ﬁnit 103.
15 _ Fig._42 is a flowchart illustrating in detail the
ﬁiprocessing for detécting_a covered baékground area or an
uncovered background area.
| Fig. 43 is a block diagram illustrating still another
configuration of the area specifying unit 103. |
20 - Fig. 44 illustrates the determination processing
_perfbrmeq.by an identification'unit 281. |
Fig. 45 is a flowchart illustrating in detail the
,processingAfor detecting a covered background area or an
'ﬁncovered_backgroﬁnd a£ea. |

.25 . '.Fig. 46 is a block diagram illustratinq an example of




“elimnating notion blur contained in a foreground. 20 Fig. 84 is a block
diagramillustrating another configuration of the functil@JaoaryBe06si gnal

processing apparatus. . Fig.-85 illustrates the configuration of a
‘synthesizer .1001. . .25 Fig. 86 is a block diagramillustrating stil
anot her. 19 January 2006 - 25- configuration of the function of the signal
processing apparatus. Fig. 87 is a block diagramillustrating the
configuration of a mxture-ratio ga% ulator 1101_ Fig. 88 is a block
.diagramillustrating the configuratron of a foreground/ background
separator 1102. Fig. 89 is a block diagramillustrating still another
configuration of the function of the signal processing apparatus. 10 Fig.
90 ill (Candd gitre tdemr iodu ma g ugferadyint lesicadratok20D4 .Best Mode for
Carrying Qut the_lnvention Fig. 1' illustrates an enbodi nent of a signal

processi ngti95 4ppitdvasrakesonni syamplenefptbeepteppvankione A CPU
(Central .Processing Unit) 21 executes various types of processing:-

accor &g % 8 -programs stored in a ROM (Read Only Menory) 22 or in a
~storage un .the CPU 21 and data. are stored in a

RAM (Randoh&gégggEg?gﬁgggagégcgtggng in which pixel values are
5 expanded in the time direction and the period corfesponding
to the shutter time is divided.

Fig. 45 illustrates a model in which pixel values are
expanded in the time direction and the period correspondiné
to the shutter time is divided.

10 Fig. 50 illustrates the épproximation using‘the
A correlation between foreground compénents.

Fig. 51 illustrates the relation between C, N, and P.

Fig. 532 is a block diagram illustrating the

configuration of an estimated-mixture-ratio processor 401,

.15 Fig. 53 illustrates an exemplary estimated mixture
'1ratio. | | |
Fig. 54 is-a block diagram iilustrating another
configuration of the mixture-ratio calculator 104.
| Fig. 55 is a flowchart.illustrating the mixture-ratio
‘201 calculation processing.
Fig. 56 is a flowchaft illustrating theAproqessing'for
-calculating the.estimatedrmixture ratio.
Fig.-S? illustrates a straight line for.approximating
the mixture ratio o. -‘ o o

25 '_.Fig. 58 illustrates a plane for appfoximating the




.20 Menory) 23 as required. The CPU 21, the.ROM 22, and the RAM 23 are,
connected to each. other by a bus 24. An input/output intl@deeussy2806 s al so
connected to the. CPU 2.1 via the bus 24., An input unit 26, which is
formed of a keyboard, a nmouse,” a m crophone,. and so on, and an out put 25
unit 27, which is .formed of a display, a. speaker., and so on, 19 January
2006 - 26- are connected to the input/output interface 25. The CPU 21
execut es. vari ous types of processLngziD response to a comand input from
the input unit 26. The CPU 21 then “outputs an i mage or sound obtained as a
result of the 5 processing to the output unit 27. The storage unit 28
connected to the input/output'  interface 25 is fornmed of, for exanple, a
hard dHsKELESHFatEiD%s prograns executed by the CPU.21 and various types of
data. A comqunication unit 29 comuni cates with an external 10 device via

the Internéttor 2Indthdstratrs: khe Fedpitd onshipse of the pdeedsi dation unit
29 serves, as obtai ning unit for, obtaining an_-eutput of a sensor.
AIterﬁhﬁ?V%ﬁ%£H£¥'6P§d$§ﬂgﬁ%yw%%noﬁ?%i%éﬂtVF% rpgloc@miinFaacpdatadit 29 and
oot B SH B AL BuaalSadat pmanieetat Lo e o,
e S SR S The RSSO RN S S i e
Gau et o O A8 o7 A ESPERPSROU! enBOaRG LU in Il REELARE PrO0TAM OF
ratio. '
Fig. 62 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
10 . cbvered background area.
Fig. 63 is a block diagram illustrating an example of
the configuration-of a foreground/background separator 105.
Fig. EQA illustrates an inpﬁt'image, a foreground
' componeht image, aﬁd a background component image.
.15 Fig. 64B illustrateé a model of an input image, a
.foreground componeﬁt image, and a backéround COmbonent image.
Fig. 65 illusfrates éimodél in which pixel values are
_ eXpandgd in the time direction and the period corresponding
to the shutter time is divided. o
20 Fig. 66 illﬁstrates—a model in which pixel vélues are
‘expanded in the-time'dirgétion énd the-peribd corresponding
 to the shutter time is divided.. |
Fig.. 67 illustrates a model in which pixel values are
:§Xpanded in' the time direction ana the:peridd corres@ondiﬁg

25 to the shutter time is divided.




storage unit 28 and. stored therein if necessary. Fig. 2 is a bl ock diagram
illustrating the signal processing apparatus. |t does nd® Jasnarg20Qhet her

t he individual functions of 25 the signal. processing apparatus are

i npl emented by hardware 19 January 2006 - 27- or software. That is; the

bl ock diagranms of this specification may be hardware bl ock di agrans or
software functional block diagrans. In this specification, an inage to be
captured 5 corresponding to an obje b inthe real-world is referred to as
an i mage object. An input inage sup% ied to the signal processing

apparatus is supplied to an object extracting unit 101, an area specifying
unit 103, a mxture-ratio calculator 104, 10 and a foreground/ background
separat or F051. e igbjeedtlomit et magn Uil Tusth teixiy act sxampugh i mage

obj ect corresponding to a foreground object contained in the input inage,
and sugp?ieenfiguextiertell 4 reepaodiboy, portiomidion detector 102. The

obj ect extracting unit 101 detects, .15 for exanpl-e, an outline of ‘the

f or egr ound kg jlddustagies wed axpmgHe iofpat sepageted as to extract a
rough jmage object corresponding to the foreground object. The object
extra 9§égﬁﬂﬁq 1EFR3ASHe ti"aP ¢ ough i mage obj ect corresponding to . a,
ac%graund:%b}ec%_ ontgi ned in the 20 input imge, and supplies the

ext'ract ed i'mége 9& ect USHRhES At i dte o FEParpkedobj ect extracting

-unit"gghkground component image.

Fig. 70 is a flowchart illustrating the processing for
separating a foreground and a background.
Fig. 71 is a block diagram illustrating an example of
10 the configuration of a motion-blur adjusting unit 106.
Fig. 72 illustrates the unit of p:ocessing.‘
Fig. 73 illustrates a model in which the pixel values
of a foreéroundrcomponent image are éxpanded in the time
| directibn and the period cOrreéponding to the shutter time
15 is divided.

Fig. 74 illustrates a modeél in which the pixei values
of a foreground componenﬁ image are expanded in the time
direction and the period corresponding to the shutter time

'~ is divided. | |
20 .'Eig. 75 illustrates a model'in which the pixél values
of a foreground component image.aré-expahded in the time
direction and the period corresponding to the shutter time
is divided.
- Fig. 76 illustrates a model iﬁ*which_the pixel ﬁalﬁes

- 25 of.a”foregrqund component image are expanded in the time




extracts a rough image object corresponding to the bacquound object from
for exanple, the difference between the input-image andlPHanuaxt? ed

i mge object corresponding .25 .to the foreground object. 19 January 2006 -
2 8. - Aternatively, for exanple, the object extracting unit 101 may
extract the rough i mage object corresponding to the foreground object and

t he rough-i nage object corresponding- to the background object fromthe

di fference between the 5 backgroun &npge'stored in a built-in background
menory and the input inmage. The noiion detector 102 cal cul ates a notion
vector-of the roughly extracted i mage object corresponding to the
foreground object according to a technique, such as block 10 matching,

gr adi 83 eGiH&se ap6l thlcaPiedn odocoutesrengrigiovdo tidehmitpid,erardmsuppl i es t he
~cal cul.ated notion vector and the notion-vector positional information

(whi cHSi 84vdP968mati on for specifying the positions of the pixels
correspond%na tg .ire_nntion vector) to the area-specifying unit 103 and a
15 ot i on- btr Adj &StPAGTAREE TB@Fh?HeCﬁBFFSHréEéPBrOguﬁéﬁt from the notion

det ect or .102. -cont ai.ns . i.nf or mat i orrespondi ng to the anount of novenent
V. Thé"O Ppoﬁl3§t8398ﬁti55 Hﬁﬁtbﬂgﬁﬁt the notion vector of 20 each image

orhers of PR Tagks bnj BERUREe 1ROREEF8RRhy PP RbeRRg B BBT06 MY 1
-adjusting the amount of motion blur contained in a
foreground component image performed by the motion-blur
adjusting unit 106.

Figi 79 is a block'diagram illustrating another example

10 of the configuration of the motion-blur adjusting unit 106.

~-Fig. 80 illustrates an example of a model in which the
relationships between pixel values and foreground components
are indicated. |

Fié.-81 illustrates the calculation of foreground

15. components.
| Fig. 82'illust¥ates the calbulatién of foreground
components. | |

Fig. 83-is a flowchart illustrating the éroceéSing for
eliminating motion blur contained in a foreground.

20 Fig. 84 is a-block diagram illustrating anothér
configgrétion of the'function of the signal éroceSsing

?fapparatds.
‘Figr 85 illustrates the configuration of a_syﬁthesizer
1001. | | |

25  Fig. 86 is a 'block diagram illustrating still another.




The amount of noverment v is a value indicating a positional change in an

i mage corresponding to a moving .25 object in units of tH& Ipauasy 26t ch. For
exanpte, if an 19 January 2006 - 29- object image corresponding to. a.
foreground is noving such that it is displayed at a position four pixels
away froma reference frame. when. it is positioned in the subsequent
frame, the anount of novenment v of the object image 5 corresponding to the
foreground is 4. The object extractjyuig unit 101 and the notion detector

102 are needed when adjusting the anbunt of notion blur corresponding to.a
novi ng obj ect. The area specifying unit 103 determnes to which of a 10
foreground area-, a background area, or a mxed area each pixel of the

i nput € PH%@@“B@F&HBSO aﬁ&e35HBF¢é§niﬁﬁoﬁﬁ&tﬁdﬂ“ﬂﬁnﬂF@§ﬁﬁﬁgnﬁo whi ch area
each glxel elongs (hereinafter referred to as "area information") to the
mi xt uPBPPERT-85 -cal cul ator 104, the foreground/ background separator 105, and
15 the nntbon bénr adg xt-ure-rati o cal cul ator 104-

unit .10 The
‘calculates %e i xturd # Pod&3?F%§pbﬁﬁVﬁgr?g}Pﬁe Bfxel s contained in a
m xed gfeaq §§tﬁgﬁr #”ngEQtﬁgfeEﬁﬁg toﬁisugsﬁpégaﬁbﬂre ratio a") based on

t he. i nput na hé aréa i nf orma om 20 the area

speci fyi ngepgi (0308 andLsupphi ggrdhe; f BRULEL PG, ML ure ratio to the

f or egr ound/ backgr ound separ at or e nlx are’ratito a is a value

'nd'CébhﬂgghPEtiéh' 8£0h rbkegk-BRAS/LAERGPENLT QQEE?QEBthﬂaztO the
backgr ound™ obj ect
Fig. 89 is a block diagram illustrating still another
configuration of the function of the signal processing
apparatus.

10 ) Fig. 90 illustrates the configuration of a synthesizer

1201.

'Best Mode for Carrying Out the Invention.
Fig. 1'illustrateslan embodiment of a signal processing
15 apparatue,aecording to the present invention. A CPU
' (Central Erocessing Unit) 21 executes narious types of
processingadcording to programs stored in a ROM (Read Only
‘Memory) 22 or in a stefage unit 28. Programs executed by
A-the—CPU 21 and‘data.are stored in a RAM (Random.Access.
-_20 Memory) 23 as-required The CPU 21, the ROM 22, and the-RAM
23 are connected to each. other by a bus 24
An 1nput/output ;nterface 25 is also connected to the.
CPU 21evia the bus 24; An inpnt unit 26, which is formed of-
a keyboard, 2 mouse, a mlcrophone, and so on, and an output

25 unit 27 whlch is formed of a dlsplay, a. speaker, and so on,




"~ ..(hereinafter also referred tows "background conponents'") to. 15 the
pi xel- val ue ‘as expressed by equation (3), which-is shown12Jdadua®i6 2006 -

- 30- below. The foreground/ background separator 105 separates the input
image into a foreground conmponent image formed of only. the inage
conponent.s corresponding to the foreground object 5 (hereinafter also
referred to as "foreground conponents”) and a background conponent i nage
formed of only the background cogpgﬁegts based on the area information
supplied fromthe area specifying it 103 and the mxture ratio a
supplied fromthe m xture-ratio cal cul ator 104, and supplies 10-the
f oreground conponent image to the notion-blur adjusting unit 106 and a
sel ectagre W@hnedfed dpartdted foremupadt  oopofmed 25 agemmyCHiE Xet as t he
final output. A nore precise foreground and background can be obtained
conparg®q-es Risgweuretthmes wivingdcess yng foreggmnse dnd aa 15 backgr ound
are specified without considering the m xed area.-- . The notion-bl ur

 adj ustGRPaAR LR it hhfe s ERE oHHEE 26 - priredFHh@l ddiamat i ng at | east
‘one pixel contained in the  foreground conponent image based on the anount

of mPRRMES, AP R reMchSRsringd \actorremd hafedhsn the area 20
i Rel SHS B iy L e Bl HOr o ur - ad] ustments.  Based on { he. amount
Dy hi oh tRReTRELRgR! HhikS2hOcBEnAER B oY Ghphi /bRl O the ST gnal
interface 25 is formed of, for example, a-hard disk; and
- -stores programs executed by the CPU 21 and various types of
.data. A communication unit 29 communicétes with an external
10, device via the Internet or another network. In this'example,
the cdmmunication unit 29 serves as an obtaining'ﬁnif for
obtaining an ocutput of a‘sensor.
Alternatively, a program may be obtained via the -
' communication unit é9 and stored in the storage unit 28.
15 | A drive 30 conpected to-the.input/output interface 25
| drives a magnetic disk 51, an_optiéal aisc 52, a magnefo—
optical disk 53,-a semicdnductor memory 54, or the like,
wheh:such a recording medium is attached to the drive 30,
and obtains a proérém or data stored in the corresponding
20_'medium, The obtainedrprog;am or data is trahsfefred to the
‘storage ﬁnit 28 énd.Stored therein if necessary.
Fig. 2 is a block diagram illustraging the signal
processing épparatué.
1t does not matter whether tﬁé indiVidual funétibhé of -

25 the Signal‘proceSSing apparatus are implemented by hardwa:e




- 25 apparatus, the foreground conponent inmage supplied fromthe 19 January

2006 - 31.' foreground/ background separator 105, the notil§danuacy 2006and t he

positional information thereof supplied fromthe notion detector 102, and

the unit of processing, the notion-'blur adjusting unit 106 adjusts the

anount of notion blur 5 .contained in the foreground conponent image by

renovi ng, decreasing, or increasing the notion blur contained in the

f oreground conponent inage. The nptépn;blur adj.usting unit 106 then

out puts the foreground conponent inage in which. amount of notion blur is

. adjusted to the selector 107. .It 10 is not essential that the notion
‘'vector and the positional information thereof be used. Mdtion blur is a

di st oPFi 8ATEUALEI nedhipk af:i irhige bloskr dpamdingg offo thisovi ng obj ect caused

by the novepent of an object to be captured in the real world-and the

|nageSPESlgéﬁPEFPHgméHapﬁcPéFﬁ§?F@sbdpc$hél§§ﬁ§@ﬁ oTheoddMageor 107 sel ects

one o for g onent inmage supplied f¥omthe

foreg%ﬁ Bﬁﬁi Lg ggﬁgﬁor 105 and the foreground conponent image in
which th nt of t|o€ blur _is, adgusted su ied fromthe 20

not i on- bl ur™ i%t??ﬁf +?a b%nbagﬁdlﬂﬁ ef bp %?aE%PEurﬁ .sel ect.ion signal

E%LL@%%%?QSﬁaﬂafﬁgntﬁﬁLﬁftbasgg SOSRE BT prbls, SELESHELAEALELOU e
S d'§§U§ﬁeﬂmQ&é0$byé&E reference to Flgs 3 25 through 18.

An input image supplied to the 51gnal processing
apparatus is supplied to an object extracting unit 101, an
aiea specifying unit 103, a mixture-ratio calculator 104,

10 and a foreground/background separator 105.

The object extracting unit 101 extracts a rough image
object corresponding to a foreground object contained in the
input image, and supplies the extracted image cobject to a
fmotion-detector.loz. The object extracting unit 101 detects,

.15 for example, an outline of the foregrbund image object
eontained in the'inﬁut image so as td extragt a rough imege
object correeponding to the foreground object. |

The object extracting unit 101 extracts a rough image
object cOrrequnding to embeckgrOund object contained in the

20 input_image,Vand'Supplies-the_extracted image object to the-
motion detector 10z2. The.object extracting enitllol
.extracts a rough imege object corresponding to the
background object from, for exemple, the difference between
.,the input image and the extracted 1mage object corre5pondlng :

25 .to the foreground object.




- 19 January 2006 - 32- Fig. 3 illustrates imge capturing perfornmed by a
- sensor. The sensor is forned of, for exanple, a CCD (Chapgemfapypéoed
Devi ce) video canera. provided with a CCD area sensor, which is a
solid-state i mage-capturing device. 5 An object 111 correspondlng to a
foreground in the real world noves, for exanple, horizontally fromthe
left to the right, between an object 112 corresponding to a background
and the sensor. The sensor captures %he i mage of -the object 111 .10
corresponding to the foreground to her with the inmage of the object 112
correspondi ng to the background. The sensor outputs the captured inage in
units of frames. For exanple, the sensor outputs an i nage having 30
franmes perAéééenathhéYexﬁosueaamphe,othehebjeﬁsoextaacb@né/Bﬁlﬁecond ‘The
15 exposure time is a period fromwhen the sensor starts converting input
i ght 1%t 839 extrpcsl toargadlntimagrhebhieké cormespeindinkr am the i nput
light to the electrical charge is finished. The.exposure tinme is °
her ei royndoopdesty egd & ea§0&9hshﬁﬁgér0bﬂﬁ§t ce@regpgnddngl | ustrat.es
In Fig synbol s A through | indicate the

t he arran nﬁnt of |xe
|nd|V|8u§%ep QEFQrO gﬂ?@F f§P? GP?p@é@éeéﬁnﬁepb&ﬁ@eéﬁ &heor r espondi ng

nage det ection de i ce correspon to each pixel is disposed.” on
the sgﬁgggroﬂﬁ anﬁgesgﬁg5deéPf8r E g@ EQEFQFPHﬁd BSmEx¥habdt ecti on

deV'C%hQUERBE§ ?mggé?l val ue of the 19 January 2006

The motion detector 102'calculates a motion vector of
the roughly extracted image object corresponding to the
foreground object according to a technique, such as bleock

10 matching, gradient, phase correlation,_orlpel~recursive
‘technique, and supplies the Calculated motion vector and the
motion—vector positional information (which is information
fer_specifying the positions of the pixels corresponding to
.the motion wvector) to the area specifying unit 103 and a

15 motion-blur adjusting unit 106.

- The motion vecfor.output from the ﬁoﬁion detector 102(
contains information correeponding to the amount of movement
V. | |

| The motion detector 102 may output the motion Vecter of .

20 each image object, together with the ﬁixel.pqsitienal
informetion for specifying.the pixels of the image object,
to the motion-blur adjusting unit.iOG.

The amount of movement v is a value indicating a
rp051t10nal change in an image correspondlng to a mov1ng

25 object in unlts of the plxel pltch For example, if an . =




- - 33. corresponding pixel formng the image. For exanple, the position of
the detection device in the X direction corresponds to th® Jamiiry 200l
direction on the inmage, while the position of the detection device in the Y
direction 5 corresponds to the vertical direction on the imge. As shown
in Fig. 5 the detection device, which is, for exanple, a CCD, converts
input light into electrical charge during a period corresponding to a
shutter time, and stores the converded electrical charge. The anount of
charge is 10 al nost proportional to the intensity of the. input 1ight and
t he period for which the light is-input. The detection device sequentially
adds t kectrical Charge converted fromthe input light to the stored
el ectP éﬁF cﬁﬁ?@% GRFFRGPOPAENFePod EOrrELRERE G FGVFHQ SHGPt er ti ne.

15 .det cti devi ce |ntegrates t.he _i nput ht.during the

That S [
perioh 58 gsbﬁnﬁ?ﬁﬁ ?SeghgtsﬁuPPéﬁ tiPRe TN BisPdS FW@Y 5&8@t?lcal char ge
The GPaefblde Brotg RHBH":COhx BESTERRESn tolthe ShPRRMEREC: To time. 0

the de Ion déevice an |n

The ekfﬁhE'CEH%CQHSQﬁtSBQVﬁ velel @e d %e%kpo ﬁ%%%c§P?§geconverted into a

vol tage valué by a circuit (no Sown value is further

conveEbedebpbAdtngl K! Lial E‘Sreg?.Hﬁﬂdaisd'tlg'tal data, and is output.
Accordingly,. eac pi xel value.output fromthe sensor is a, value

proj ect ed ®He bRt Iémc@mgeuny@l Tt i #n@ £6SULSt Phni QLEGEALLNY
certain 19 January 2006 - 34-
102 are needed when adjustlng the amount of motion blur
corresponding to a mov1ng object.
The area specifying.unit 103 determines to which of a
10 foreground'area; a backgrouhd area, or a mixed area each
. pixel of the input image belongs, and supplies information -
'indicating_to which area each pixel belongs (hereinafter
referred to as "area information™) to the mixture-ratio
calculator 104, the.foreground/background separator 105, and
15 the motion-blur adjusting unit 106. |
' The mixture-ratio calculator 104 calculates the mixturé
ratia corfesponding to thé pixels éontained in a mixed area
63 (hereinafter referred to as the "mixture ratio o") based
on the input image and the area information supplied from
20 the area spéqiinng’unit 103, and supplies the reSulting |
_mixtufe_ratio tO‘the‘foreqround/background éeparator*lOS.
The nixture ratio o is a value indicating the ratio Qf
‘the image_coﬁponents corresporiding to the background objeét _
_lhereinafter also fefefred to as ﬁbackground componeﬁts") to.

25 the pixel Value as expressed by equatioh (3), which 'is shown




- three-di nensional portion of the object corresponding to the foreground or
t he background with respect to the shutter tinme. The si d@dhnyp2@®si ng
apparatus extracts significant information enbedded in the output -signal;
for exanple, the mxture ratio a, by the storage operation of the sensor.
The signal processing apparatus adjusts the anmount of distortion, for
exanple, the anount of notion blur, caused by the m xture of the
foreground i nage object itself. Th 0 signal processing apparatus al so

adj usts the amount of di stortion caused by the mxture of the f oreground
i mge object and.the background image object. Figs.-6A and 6B illustrate
an i mage. obtai ned by capturing a noving object corresponding to a :
foregldm¥-and 15 a stationary object corresponding to a background. Flg.

6A illustrates an i mage obtai ned by capturing a noving object
correspondithg feragrenagrbankanaynd §?§ﬁt§ﬁary18§j§@Paré6¢8e§bend|ng to a
background In the. exanple shown in Fig. t he- obj ect correspondlng to
the fdrbéﬁaf iR ges 1RGP Rg %%ﬂ%ﬁamw%m%@q prred ofeonilght with
‘respec to the screen. Fig. 6B illustrates a nodel obtained by expanding
pi xel ChE RIS SOMRORGR otfaeéﬁé’qu 50 the |fﬁ’§§9r§ﬁ8\?3n°meﬁtg A in
“th dlreg;lon The haqrizont dlre ion shogn 2.5 Fig. 6B
'corres@F]ﬁ§l% ek 258t P& SHTF ct ﬁqﬁ%5°u€ Cfgpfﬁﬁﬁgﬁy 2006 - 35.

- The vales o didifolhd®hinbBnbiE %%%g %r%e 8% 3h%y the

background components based on the area information supplied
from the area specifying unit 103 and the mixture ratio «
supplied from the mixture-ratio calculator 104, .and supplies’
10 'the‘foreground component image to tne'motion—blur adjusting
unit 106 and a selector 107. The separated foreground
component image may bo set as the final'output- A moro‘
precise foreground and background can bé obtained compared
to a‘knoWn method in which only a foreground and a
15 backdround are specified without considering rhe mixed area.
- The motion—blnr adjnsting unit 106 détermines the unir
of proceséing indicating at least one pixel contained in tne
foreground component image based on the amount of movement v
obtained from the motion vector and based on the area
20 information-r fhe unit of processing'is data that specifies
.a group of pixels to be snbjocted to tne motion-blur
-adjustments.
. Based on the amount by whlch the motion blur is to be
;adjusted, Wthh 1s input’ into the 31gnal proce551ng

;'25 apparatus, the foreground component 1mage supplled from the




- forked only fromthe background conponents, that is, the image conponents
correspondi ng to the background object. The val ues of tH& Jpmuaey23006n t he
foreground area are fornmed 5 only fromthe foreground conmponents, that is,
the image conponents corresponding to the foreground object. The val ues of
the pixels of the m xed area are formed fromthe background conponents and
the foreground conponents. Since the values of the pixels in the m xed
area are formed 10 fromthe backgroynd conponents and the foreground
conponents, it may be referred to as a "distortion area". The m xed area
is further classified into a covered background area and an uncovered
background area., The covered background area is a _mxed area at a 15

posi t iTOF SEFOMRGE bRGKAGOredt FEPPEadPrAg LO%d ithet Ferdiome e iandahi ch t he
foreground ohject is.mving, .where the background conponents are

gr adu&l(g‘leypc?&}étrlé’ﬂta\}vi t-f Pﬁ’é‘g?:&PE‘gFg‘ﬁﬁc?otfvéPpP Aed Lrofoftiadtotie uncover ed

back d. [ pxed 2 ondi to.the- ilingend i-
tho ACPERSR 2. aRechiEnunks, 6 BaRgeooiBer (o PRIre (he
back \d., s - I tine. As.di d ab , th
s e R e o PRI AR ERouRECbE KT s i ea, or the cover ed

bag koot ndLea 0L po2Bol BErUIRAVELAANBGKOLAURG ALeT i hitpul [ NtO the

area 19 January 2 speci fyirng unit ure-ratio

cal cukRlceeal@fy, 8dihBBEOIARY" EHAMLBRSKA BYAY SBRRLILRW 4@° 3% the inpu
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foreground component image. The motion-blur adjusting unit

106 then outputs the foreground component image in which
amount of motion blur is adjusted to the selectorl107- It

.10  is not essential that the motion vector and the positional
information thereof be used.

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

15 capturing characteristics of .the Sensor.,

- The selector 1@7 séleéts one of fhe foregfound
component image supplied from the foreground/background
separator 105 and the foreground component image in which
the amount of motion blur is adjusted sppblied from the.

20 motion-blur adjusting unit 106 based on, for example, a
| selection signal refledtiﬁg a user's selectibn, and outputs
-the selected foreground cqmponent image.
An input image sﬁpplied to the signal proqgssing
- apparatus is disqussed below with.referenée toﬂFigs.'B

25 through 18.




- Fig_ 7 illustrates the background..area,the foreground area, the-m xed
area, the covered background area, and the 5 uncovered Hadk@froydobear ea

di scussed above. In the areas corresponding to. the inage shown in Fig.

6A, the background area is a stationary portion, the foreground area is a

movi ng portion, the covered background area of the mxed area is a portion

t.hat changes fromthe background to the .10 foreground, and the uncovered

background area of the m xed area a portion that changes fromthe
foreground to the .background. ﬁid% 8 illustrates a nodel obtained by
expanding in the tine direction the pixel values of the pixels aligned
side- 15 by-side in the inmage obtained by capturing the image of the object
correspondFag.t 8 ihéustaatemaimafier egpbuningngethermadgeyod the obj ect
correspondi ng-to the stationary background. For exanple, as the pixels

al i gnégnsiode- byhsi gensopi iel Soaredngdd iforoe«almpie,on €CAB screen can be

sel ected. 20 The pixel values indicated by FOl thfough-F04 shown in .Fig.
8 ar e (ChaFge-6rupledpPrElieed oNVidepordinegat roNddelj wéth af CERe- stati onary
foreground. - The pixel values indicated-by BOL through B04 shown in Fig. 8
are vA&L§Es S60SPke HPAERs i8ofr §8pdRashgteo iMpgeobpatbrdhy dpBiseati onary

b kgroung” .22 Iine elagseg.fron1the top to'the bottomin_Fig. 8 in 19
JanuafV 26d6°t 331 FRETGEPPREAPIIIPeRt fORCORONY. 1B thRet®BLiti on at the

{0 o3 oV, AR BB SRRI TP IRER etk U5 B o (P
. right, between an objectrllz corrésponding'to a background '
and the sensor. |
The sensor captures the image of the object 111
10 correspbnding to the foreground together Qith the image of
thé oObject 112 Corresponding to the backgroﬁnd. ‘The sensor
outputs . the captured image in units of frames. For example,
the sensor outputs an image having 30 frames per second.
- The exposure time of the sensor can be 1/30 second. ‘The
15 exposure ‘time is a perio& from when the sensbr starts
.converting'input liéht intb electrical-charge'until when the
conversion from the input‘light to thé elecfrical charge is
finished. The exposure time is hereinafter also referred to
_ag'a'"shuttér time". |
20 ' Fig. 4 illustrates the arrangement.of pixels; In Fig.
4, symbols A through I indicate the ihdividual pixels. The
pixels are disposed on a plane of a corresponding image.
-One.détection device cgrresponding’to each piﬁel is diéposed.
;6h the senSor. When the sensor perfor@s image captufihg;

25 each detection device outputs a pixel value of the




el ectrical charge, and the position at the bottomside of 5 the rectangle
in Fig. 8 corresponds to the tinme at which the sensor filsijahgesy 2066
conversion fromthe input light into the electrical charge.. That is, the
di stance fromthe top side to the bottomside of the rectangle in Fig. 8
corresponds to the shutter tine. 10 The pixels shown in Fig. 8 are

descri bed bel ow assum ng that, for exanple, the shutter tine is equal to
the frame size. The horizontal diregction in Fig. 8 corresponds to the
spatial direction Xin Fig.. 6A Mre specifically, -in the 15 exanple
shown.in Fig. 8, the distance fromthe left side of the .rectangle
indicated by."FQ " in Fig. 8 to the right side of the rectangle indicated
by "BEAFespongdign: Pirrds fogaipoxdhe gmege- | For, expghiccotbecuti ve pi xel s.
When the.foregrou%gé obj.ect .and the background object . 20 are stationary,
the | PR SR9FuCT freession: dgydse Ag; thenfngdreGEing t he period
correspnding to the shutter. tine. The per.i od corfesponding to_the shutter
time Pgﬁﬁefpgggsi%Pot§ﬁ0%8flﬁ8P§aHOPﬂF8ﬁ§18P 8&u§hepgwﬁgﬁs.Wbéﬂeexanple,

if. : er. of virtual,-divided portions is,4, _ the nodel shown 25 in

Fig. g%%é%%%giﬁg%rggg %&ddﬁg?CFﬁ8“n§&8FC§h&%n%Pﬁ Eig?r99gi§ndanuary 2006 -

385 - Ther of Vi tu Lyided.parti.ons can, he.set according to the

anount-ofgﬁgggﬁgnﬁovtg ?Egeéﬁkgc?lggfkéggoﬁ iﬁgetém?ﬁgffpreground_mjth!n

the shuttefst sRBwn FOR ?f&ﬂptﬁ1éﬁ@edeQEEPfénQ&e¥1éé}”%hfkﬂ'E&F poLtions is

set to 4 when the | -
- example, a CCD, converts input light into electrical charge

dﬁring a period corresponding to a shutter time, and stores
the converted electrical charge. Thé_amount of charge is
10 almost proportional to the intensity of the input light and
the pefiod for which the light is .input. The detection
device seqqentially adds the electrical charge converted

from the input light to the stored electrical charge during

" the period corresponding to the shutter time. That ié, the-

15 détection_device integrates the input light.during the
"period cﬁfresponding to the sﬁutter time and Stdrés the

electriqal_charge correspbpding to the amount of integrated
light. ,It can be considered that the detection device has
_an-integrating.function with respect to timé.

20 Tﬁe electrical‘dharge stored in the detection device is
converted into a voltage vélue.by a circuit (not shown), and
‘the voltage value isifurther converted intofa.pixel vaiue,r
such as digital data, aﬁd is output. Acco:dingly,.each
,pixel_value output froﬁ thé sensof is,é.value projectéd on a

;,25"1inear space, which is a result Of integtating'a certain 



5 anount of novenent v is 4, and the period corresponding to .the shutter
time is divided into four portions. The uppernost |ine i rl9fiaguar®2006
corresponds to the first divided period fromwhen the shutter has opened.
The second line in Fig. 9 corresponds to the second. divided period from
10 when the shutter has opened. The.third line in.Fig. 9 corresponds to the
third divided period fromwhen the shutter has opened. The fourth line in
Fig. 9 corresponds to the fourth djyvided period fromwhen the shutter has
opened. 15 The shutter tine divide % n accordance wth-the amount of
nmovenent v i.s also hereinafter referred to as the "shutter tine/v". Wen
the object corresponding to the foreground'is stationary, the |ight input
into theesodsengdeonadopoetiangeet the aehdethusprraspbndiégyotndthe .
conmponent' FO1/v is equal to the val ue obtained. by dividing the pixel value
FO1 byorkgreumserr &heyppekgrroundi waghpoesbens. t&i hireashyftahen t he obj ect
corresponding to the foreground is stationary, the foreground conponent
Fo2/ v 5'¥%qual to the val ue obtained by 25 dividing the pixel value F02 by
t he nunber 8f vlrthI 19 January 2006 - 39 dijvided portjions, the foreground
component FD%/ §1982l BEAFETILNY HRAPRAF YD R Faseh Dys k94 B RE he pi xe

vai ue . _ the n r ,of ‘virtual  divided-portions, and.the foreground
cgapoﬁgggrgéﬁfgnigmggagfdtﬁnphg?ngEBu%b?é?ﬂ YRR SFARYe. Ehe pixel
Vatuemggﬁugg EQ%iBU&PeEyOEthEEggggglgﬁgggtion of the sensor.

The signal processing apparatus adjusts the amount of

distortioﬁ, for example, the amount of motion blur, caused

by the mixture of the foreground image object itself. The
10 signal processing apparatus also adjusts the amount of
distortion caused by the mixture of the foregrouﬁd inage

object and. the background image object.

Figs. 6A and 6B illustrate an image obtained by
capturiﬁg_a moving object corresponding to a foreground and
15 a stationary object corresponding to a background. Fig. 6A
AilluStratés an imagé thained”by captufing a movihg-object
corresponding to a foreqrb@nd and. a stationary object
corresponding to a baékgrdund. In the example shown in Fig.
| - 6A, the object cQtresponding_td thérforeground is'ﬁoving .
20 horizontally from the left to the right with respect to the
.SCreer. | ‘
Fig. 6B illustrates a model obtained by expanding pixel
‘values corresponding tg one line of the image shown.ianié.
. 6A in the time.direction. The hofizontal direction shbWﬁ in

25 Fig,VGB corresponds to the spatial direction X in Fig. 6A.



portions. When the object corresponding to the background is stationary,
the light input into the sensor does not change, and thug Janvasy Be¥kgr ound
conponent BA/v is equal to the 10 val ue obtai ned by dividing the_pixel
val ue BO1 by the nunber of virtual divided portions. Simlarly, when the
obj ect- corresponding to the background is stationary, the background -
conponent BO2/v is equal to the value obtained by dividing the pixel value
B02 by the nunber of virtual 15 divjgled portions, the background. conponent
BO3/v. i's equal to the value obtained by dividing the pixel value B0O3 by
the nunber of-virtual divided portions, and the background conponent BO04/v
- is equal to the value obtained by dividing the..pixel value B04 by the
nunber _ of Jm@tH&ﬂ“&ﬁvpéeﬁhgopﬁﬁﬁgﬁoﬁ§.tN@rba§bG€DﬂFdaﬂr§§ @hen the obj ect
corresponding to the foreground is stationary, the |light corresponding to
t he f%?’%b?%mﬁbtﬁréﬁ‘t ‘?hr?pg%aqktﬂr@“tnﬁle@@ﬁ@éﬁn&ées thet dsan§be during the
period corresponding to the shutter tine, ..25 Aceordingly, the foreground
conporfé?ﬁgq:(ﬁc;)@%q:@smeﬁé)%m% CPaktrgr Vafdfggopp%ggj?ﬁé-fi rst portion
of theushu te%gi lﬁﬁfron1 en_the shutter hagrogened, t he foreground
conponent AT sPORd g o WiRe LOEEGRAUBT: AF6R 8FCt AR RRUt ter tine/v

f \ . - _ ‘ d 5 FO1/ :
o1 oo et e ora et el E bRt R Bhaky £ ERRC 8o PR om when t e

correspo portio utter

ShUttQﬁmﬁﬁﬁmﬂﬁﬁﬁ%Qwr%%%ohﬁﬁn%o%%gEﬂgn%oreground object.

The values of the pixéls of the mixed area are formed
from the background components and‘the‘foreground components.
Since the values of the‘pixels in the mixed area are formed

10 from the background'components'and the fofeground components,

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

The covered background area is a mixed area at a

15 positidn-corresponding to the leading end in the direction
in which the foregfound object is moviﬁg, where the |
'-background components'aré gradually-coveréd with the
foreground over time. |
In contragt, the uncotefed background area is a mixed
20 area corresppndihg to the trailing end in the direction in
-which thé foreground’objeét is moving, where the background
components gradually appear over time.
| A As discussed above, the iﬁage containiné the foreground .
‘area,.therackground area, or the.covered_background area or

25  the uncovered background area is input into the area




~ conponent FOl/v corresponding to the fourth portion of the shutter tine/v
from when the shutter has opened becone the sane val ue. I'PHenssy20@ppl i es
to FO2/v through FO4/v, as in 10 the case of F01/v. Wen the object
corresponding to the background is stationary, the light corresponding to
t he background object input into the sensor does not change during the
period corresponding to the shutter tinme. Accordingly, the 15 background
conponent BO1l/v corresponding to thﬁfirst portion of the shutter tinme/v

from when' the shutter has opened, e background conponent BA /v

corresponding to the second portion of the shutter time/v fromwhen the
shutter has opened, the background conponent BOl1l/v corresponding to 20

t he thépechblyinommoft t1HE8 sHite erixttiumywdtriomagientiate s, eandas opened,
and the . background. conponent BOl/v corresponding to the fourth portion
. of t hethfaregnqundibagkanaiiuh seramian 0 has dfenddmdc diedehe sane

val ue. The. = ,sane applies to B02/v.through BO4/v- 2.5 . A descriptionis
gi ven of t Fd%ade iildusiriadies: kb eobpskoreyngafssny 2dge forggropser espondi ng
to the foreground is nmoving and the object corresponding to the background
is sta%’?‘“cﬁva?iﬁe'#?Jg?e‘il@’?e}amsﬁ@%t%%v%r%?}lﬂc‘%ﬂﬁ%%&‘w'e%dﬁhﬁg in
thertinme direction the pixel values of the pixels _jn gne 5. 1ine, including
a te?ove‘fré%f)‘f)% PP R %cﬁféabsoﬁ t2PAG T esfﬁbr{:gﬁ%cj‘rte&st he foreground

|4$ g?x%ogigrés%c;[nr}ﬁr{& Q:Q;[ t.hr}a i'itilagjeflsq'iom!nn i'?li %‘igl.o’Gﬂ,h%h%”%%%tkg%%ugP Vems,nt vis
| area is a stationary portion, the foreground area is a -
noving portion, the covered backgroﬁnd area of the mixed
area 1s a portion that changes from the background to the
:10 foreground, and the uncovered background area of the mixed
area is a portion that changes from the foreground to the
-background.
Fig. 8 illustrates a model obtained by expanding in the
- time diiection the pixel values of the pixels aligned side-
15 byfside in the image obtained by capturing the image of the
- object COrréspondiﬁg to the stationary-fqreground and the-
image of the object ¢orresponding to the stationary
background. For example, as fthe pixels aligned side“by;side,
pixels arranged in one line on the screen can be selected.
| ,20. " The pixél values indicated by FOl through F04 shown in
. Fig. 8‘aré values of thg-bixels corresponding to the object
of ‘the stationary foreground. The pixel values indicated by
|  301 through B04 shown in fig. 8 are values of the pixels
i:correspondihg to the objeét of.thé stétionary'backgréund.

.25 “Time élapses'from.the top to the bottom in Fig. 8 in -




one frame-is-a short period, it can be assuned that the object
corresponding to the foreground is a rigid body 10 novi nd9dandarg 2006t ant
velocity. In Fig. 10, the object inmage  corresponding to the foreground is
noving such that it is positioned.four pixels to the right with respect to
a reference frame when it is displayed in the subsequent franme. In Fig.

10, the pixels fromthe |eftnost pixél to the 15 fourth pixel belong to
the foreground area. In .Fig. 10,_the —pixels fromthe fifth pixel to the
seventh pixel fromthe left belong to the m xed area, which is the covered
background area.. In Fig.. 10, the rightnost pixel belongs to the

backgrqund area. 20 The object corresponding to the foreground is noving
such ttﬁ}ﬁ Y?rﬁ%ﬂjﬁﬂﬁﬂﬁm st Hel Bbj @ct T POSIcAdn @t Fhea H®ackgr ound
over tjiJe. car di ngl the components' contained in the pixel values of
Che pidats SEI G T AR dHS 15 ol i TR &0o4eh gt Atom ¢ he
backgr, . comonent.s t he foreground-c Qnents at a certain'time 19
Januar%r%bétﬁféééreq{%xrslﬁ:ﬁgr %ecoﬁ‘ﬁro nc%rlrné)é}p?:o igﬁlé: tlél%t%e shutter tine For
exanpl g, e, Pl i e oqgﬂﬁ by the ick..fra in Fig 10 is
expr esegLee %%ﬁgffao_ e‘(J'i) dZIL%{ﬁZ. (:bé%b/a\r}}ﬂgé% \%?Ii—:('f?f“v%ﬁ' /\?f( 1) For
exanplithe th&tdrdie B @id.r @Nddi& %]s%&ncﬁo%a't% i nRaGKarayng, Geiponent
correspondi ng. t'o one portion of the shutter tinme/v and foreground
CONPORRIHsHIC WiTASHIithE: (Bnkires RPN EHel 1hBarShYLher ihitdei%e and thus,

the m xture
electrical charge.. That is, the distance from the top side
to the bottom side of the rectahgle in Fig. 8 corresponds té
the shutter time.

10 ' The pixels shown in Fig. 8 are described below assuming
that, for f.;xam.ple_r the shutter time is equal to the frame
size.

The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig: 6A. More specifically, in the

15 example shown in Fig. 8, the distance from the left side of

" the rectangle'ihdiéated by "FOl"'iﬁ Fig. 8 to the rith side
of the rectangle indicated by "B04" is eight times the pixel
pitch, i.e., eight consecutive pixels.

.'When the foreground‘object and the backgrdund object

_20 are stationary, the'light-input into the sensor does not

'fchange-during the periodféorresponding to thé shutter:time.

: The period corresponding to the shutter time is divided

'into two‘or'more,portions of equal periods. For example, if
fthe'number'of'virtual.aivided portions.isi4, the mbdél-Shown—,'

':25 in Fig. 8 can be represented by. the modél shown in Fig. 9.




ratio a of the fifth pixel fromthe left is 1/4. The sixth 10, pixel from
the left contains background conponents corresponding to 1oWempey bocgns. of
the shutter time/v and foreground conponents corresponding to two portions
of the shutter tine/v, and thus, the m xture ratio a of the sixth pixel
fromthe left is 1/2.. The seventh pixel fromthe left 15 contains.
background conponents corresponding to-three portions of the shutter
tine/v and a foreground conponent_ g@rresponding to one portion of the
shutter tinme/v, and thus, the mxture ratio a of the seventh pixel from
.the le-ft is 3/4. . 20. It can be assuned that the object corresponding to
t he Bg%g round is a rigid body, and the foreground object is . noving

with SFelPdciviy tddnh divadsd pogtdiossl gpadbroget pirerding the ri ght
in. f A i ngl f I he f .
componentHEo AR Fifa MYSRERL 508 Le APOR-ENEOF EFEPPRORPG E20

corre nging to t f.irst January 20Q6 - 43. -portion of the shutter
tine/vB%rgkl en nﬁi“&ﬁ@ﬁPEr%ﬁa§ggg§ﬁ§d ir@CequiPrt §%eRRfor EBFound

‘conpo f Jtehe  fl i.xel. fromthe |eft in Fig. ,10, corresponding to the
seconQE%%F?igk g%:khéqsﬁﬁﬁﬁgﬁdtgﬁé vOoPPoS Wi s FﬁequBFPe&gﬁas .5 opened.

oI\ Binohlhe, olfhBokRNEAROS sCAIPANBNEREOPEY bA EOHRLsgbRALRE L8r car Oune

conponent of the sixth pixel fromthe Teft corrgsponding to the

thirdeper khaetelk thResShYt HekidbhMBhYof shutter has opened, and
t he foreground conpgnent oflthe se%gn?ﬁﬁkrgethggﬁfthe left in Fig. 10

The uppermost line in Fig. 9 corréespornds to the first
divided period from when thé shutter has opened. The second
line in‘Fig. 9 corresponds to the second divided period from

10 when the shufter has opened. The third line in Fig. 9
corresponds to the third divided period from when the
shutter has opened. The fourth line in Fig. 9 correéponds
to the fourth divided period.from_when the shutter has
opened. - |

15 The shutter time divided in accordancé with: the amount
of moﬁemeht v is'alSo hereinafter refefred to as the
“shutter time/v".

When the object corresponding to the foregroﬁnd‘is.
stgtionaryt the iight anut,ihto the sensor does not chéﬁge,

20 “and thﬁsL the foreground component ‘FO1/v -is equal.to the
_value_obtained by diViding_the pixel value FOl by the number
of virtual divided portions. Similarly, when tﬁe object
Cdrrespoqding £6 the foreground is stationary, the

-,fqregroundAcompdnent FO2/v is equél to the value obtéihéd.by _

'ﬁ25 _dividing thg.piXel value FO02 by the number of-virtual




10 corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened. It can be assuned that the object conogamappoms to the
foreground is a rigid body, and the foreground object is noving with
constant velocity such, that it is displayed four 15 pixels to-the right in
t he Subsequent frame. Accordingly,. for exanple, the foreground conponent
FO6/v of the third .pixel fromthe left in Fig. 10 corresponding to the
first portion- of the shutter tine/ygfromwhen the shutter has opened is
equal to the foreground conponent of the fourth 20 pixel fromthe-left in
Fig. 10 corresponding to the second. portion of the shutter time/v from

when t shutter has opened. Simlarly, the foreground conponent FO6/v is
equal Jﬁﬁlc‘?%% R%Qd?%noéb%rﬁfb‘??&ﬁmﬁ"fd (RGNS POV fiomded teft. .n .
~Fig. rrespanding, to the third portion of the shutter 25 tine/v from
when the- vgaﬁld‘{ ésr%%% n‘%{)&% Y h o Rt it e Fihdry theos - 44
CONMPONRAHRL Sl {xel  fromthe left in Fig- 10 corresponding to the
fourthpor‘% (érlfls?l%{%’{eﬁsﬁiu tedrEC{ i(i)r?elﬁll%l}sdm ntt}%efosqﬁﬁ’ioé’tndhas opened. It
can b%@%m@gtﬁw‘} cggig'l%t_or spandj ng.t.o the .foreground .is a rigid
- body, and the for eg/r' o[}ﬁsd 0 ]gctt%l th%mR%ﬁg;ge %bt%aléloeﬁistbé[nt lg’éP&Ethy such that
1151s thiespiaad vae BYXyS th hhigud i Sl&}grgg’g nt frame.
Accordingly, for e;%nple,yfhe foregf%gﬁgfégﬁ%gﬁght ?’of t he second
pi xel poramhoinlae | eft in Fig. 10 corresponding to the first .10 portion of

- the shutter tine/v fromwhen the shutter has
: When the object corresponding to the background is

stationary, the light iﬁput into the sensor does not change,
and thus, the background component BO1/v is equal to the
10 value obtained by dividing the pixel value BOL by the number
of virtual divided portions. Similarly, when the object
corresponding to the background is stationary, the
background compqnent BOZ/v.is equal to the value obtained by
‘dividing the pixel value BOZ by the number of virtual
15 divided’portions, the background_component B03/v. is equal to
" the value bbtained'by dividing the pixel value BO3 by the
number of -virtual divided'portions, and the background |
component B04/v is equal tb the value obtained by dividing
the pixel value BO4 by the numbef of virtual divided
20 -portions. ' | | |
More'specifically, whén the object corrésponding to the
- foreground is stationary, the light corresponding to the
i féregréuqd object input into the sensor does not change
,,during the perioa'corféspohding td the shutter time.

;25 Accordingly,‘the fbregxouhd component Edl/v corresponding to




opened is equal to the foreground conponent of the third pixel fromthe
left in Fig. 10 corresponding to the second portion of tlogamiuy 2@ tinme/v
fromwhen the shutter has. opened. Simlarly, the foreground. conponent
FO5/v is equal 15 to the foreground conponent' of the fourth pixel fromthe
l'eft in Fig_ 10 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..1ggcorresponding to the fourth portion of
the shutter time/v 20 from-when the shutter has opened. It can be assuned
that the object corresponding to the .foreground is a rigid body,. and the

foregr unqﬁgg%ect i S nnvinq}mﬁth constant velocity such that it is
di spl ff?’eed t porfiion o Fheshutdine itHuey dssedhem Hheame. Accordingly,

25. faor anpl.e, the foregrou conponent FO4/v of the left nost 19 January
2006 _sh@&eg?}as ior?qf’ieé{' %&%%ﬂ}@ﬂ&qm&wq 03¢ Yoorti on of the

shutt i romwhen the shufter .has o d i ual ,t.o the foreground
como%’rﬁﬂe{)@q\{h%n (%)ngzhﬁ X~ Ty orﬁcf%telqnef‘ﬁeq:l%r? I%ibl%%f(f &dmeéSponding to

the sSGRM Wild e Ui sbURIndd MBh 9. 0Maahen f N8, Sauker has.

opene arly, "the toreground corfponent Vis €

f os egrF@UNE, ARGy g;%e Y e 1R ?Joﬂtri%@ he chef %P@%tf'éirg- 10

corresponding to the third portion of the shutteéer tine fom when the

o Shakrs, ey pesaar s cHOSeBT R COREGERNER, L
shuttebmpbm&ht FO1/v correspdnding to the fourth portion of the
Shufter time/v from when the shutter has opened become the
| same value. _The same applies to F02/v through F04/v, as in
10 -thé case of FOl/v.
When the object corresponding to the backgrdund is
- stationary, the light cor:esponding to the background object
input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the
: 15 Dbackground component B01l/v corresponding to the first
:portion of the shutfer time/v from when the shutter has
opened, the bacKkground component B0l1/v corresponding to the
secoﬁd portion_of the shutter tiﬁe/v from when the shutter
has opened, the background component BOl/v corresponding to
20  -the third portioh of the shutter'time/v fromrwhen the
shutter has_opened, and the_backgrouﬁd,compéhent BOl/v
[correspdnding to the féurth portion of the shutter. time/v -
from when the shutter has opéﬁéd:become the same value. The,
 same applies to BOZ/v.through_BO4/v. | |

- 25 | fA‘deséription is given-of the casewin.which the object.




~from when the shutter has opened. Since the foreground area corresponding
to the noving object contains notion blur as discussed gbQuguary200Ban al so

15 be referred to as a "distortion area". Fig. 11 illustrates a nodel
obtai ned by expanding in the tine direction the pixel values of the pixels
in-one line including an uncovered background area when the object

corresponding to the foreground is maving to the right in 20 Fig. 11. In.
Fig.. 11, the anount of novenent,v §s 4. Since one fame is a short period,
it can be assunmed that _the object corresponding to. the foreground is a.
rigid body noving Wth constant velocity. In Fig. 11, the object .inmage,

correspondi ng. ta the foreground-is ving tqQ the right such 25 that it is
posi t i 8%&?%%@!&&%3%%}60 f?%e@_gﬁodmrg)vﬁst adFelnd 1&e18RIESF 2006 - 46- to
a reference fr n,ht ks displayed in the subsequent frane. In Fig.

11, t%(r? pi %éﬂ"é‘- rgm&t%hé:lhlee:‘btar%ﬁ oﬁllrgégllst SHdOR3E rt h pi xel belong to the
backgroundgifpeas gl 01 H 11 .the i fr the fifth pixel to'the
sevent h pixePé Po%%?hgtr%%F§ Eeﬁgﬁﬁﬁtégkﬁénﬁgzé %%%%?dﬁﬂscﬁnis an

uncovehed +iRackgreurd i fRe Hlfaﬁlva%#est%% %hghbggg&spgﬁeén%elongs to the

foreground area. The object Corresponding to the réground Wwhi ch covers
165 tha i0), eGl Qe AP ANELIE LA HieKIGEkALOUIEa) SullRH RicSBEeckhal 11 TS

gradual ly renmoved fromthe object corresponding
.Corresppnding to the foreground is moving to the right in
Fig. 10. 1In Fig. 10, the amount of movement v is 4. Since
one frame is a éhoft period, it can be assumed that the
object corresponding to the foreground is a rigid body
‘iOM moving with constant velocit?. In Fig. 10, the object image
co;responding to the foreground is moving such that it is
-pOsitioned_four pixels to the right with respect to a -
referénce frame-when it is displayed in_the—subsequent frame.
In Fig. 10, the pixels from the leftmost pixel to the
15 fourth pixel belong to the foreground area. In Fig. 10, the
_"pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which is thé covered
background area.- In Fig. 10, the rightmost pixel béloﬁgs to
: the:ﬁéckground area.
20 - The objéct ¢orreséonding to the foreground is moving
_:such'that it gradually covers thé object corfesponding to,;
the background over time. Accordingly, the components
VCOntaineq in-thelpixel-vaiues'of the pixels belonging to the
.covered background area change frdm‘the backgroundr |

__25 ' comp0nents‘to the'foreground cpmponents?at a certain time




- to the background over tinme. Accordingly, the conponents contained in the
pi xel val ues of the pixels belonging to the uncovered badkgamiafg2@06ea
change fromthe foreground 15 conponents to the background conponents at a
certain tine of the period corresponding to the shutter tine. For exanple,
the pixel value-M surrounded by the thick frame in Fig. 11 is expressed
by equation (2). F02/v+F01/v+B26/v+B26/v (2) 20 For.exanple, the fifth

pi xel fromthe |left contains backgggund conponents-corresponding to three
portions of the shutter tine/v and a foreground conponent corresponding to
one, shutter portion of the shutter tine/v, and-thus, the mxture ratio a

of the i xel fromthe Ien¥§is 3/4 %?BT e SIXth plxel fromthe. left
contalns d%k DI TR CHMG-esponding to two

portions ofg hter |ne/v nd for round onp nen sponding to
t wo portlonsrgt%xt%%l §Hu§%¥ﬁ /2 l&ﬁbﬁg Fb %Bﬁ&ia of the
sixth pixgl ffomsth f T s frontthe left
contains a backgr‘%uft}ldd e&'toénpéo erj%szsceodr?) spo rfoﬁﬁne plor‘”tl on of the

shutter t|@p/vB@QqVggbggeqe@q/gqﬁg%pents correspondlng to yhree portions of
- the shutter tinme/v, and m xture ratio a of the 'seventh pixe

fremthe | gt ckampid, EBVWeFtBAPALEANE bl tﬁ@dlé%)c %Etgﬁﬁsf?' I zed, the
= a.B+FI /v (3)

pi xel value M can be expressed by equation (3);
background component corresponding to one portion of the

shutter time/v and foreground components corresponding to
three portions of the shutter time/ﬁ, and thus, the mixture
ratio a of the fifth pixel from the left is 1/4. The sixth
10, pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground.componeﬂts COr;esponding to two portions of the
shutter time/v,‘and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
15 contains background components correspondine to .three
- pdrtions cf the shutter.time/v and a feregroundleomponent
corresponding to one portion of the shutter time/v, and thus,'
the mixture ratio o of the seventh pixel from the left is
3/4. | |
20 - It can be assumed that the object correspondlng to the |
. Toreground 1s a rlgld body, and the foreground object is |
mov1ng with constant veloeity such that it is displayed four
 pixels to the right in the subsequent frame, .Apcordingly,
. for example, the‘foregﬁound CQmpohenﬁ FO?ZV'of the-feurﬁh

.25 - pixel f;om'the left in Fig. 10 correspohding to the first. -




- where a is the mxture ratio, B indicates a pixel value of the background,
and Fi/v designates a foreground conponent. .15 It can bgogssuspmegodshat the
obj ect corresponding to the foreground is a rigid body, which is noving

wi th constant velocity, and the amount of novenent is'4. Accordingly, for
exanpl e, the foreground conponent FOl/v of the fifth.pixel fromthe left in
Fig. 11 corresponding to the first portion 20 of the, shutter tine/v.from
~when the shutter has opened is equalz to the foreground conponent of the
sixth pixel from the left in Fig. 11 corresponding to the second portion
of the shutter time/v fromwhen the shutter has opened. Simlarly, the
foreground conponent FO /v is_equal .to..the 19 January 2006 - 48-
foregPBEEHOEogEoHEﬁtSBFtFﬁé §éW§ﬁVhfEP%eWhFPoﬁh?héhPE¥PrihaSFig. 11
correngn i third p?rtion of the shutter tinpe/.v fromwhen the

d t th
shut t 8PSRSE DpeREAlak Fhe FOFESFound CEBRBBRBR OBt LhRelAEERh pixel from
‘the left in Fig. &1 i reces ondiT to the fouyrth- ort'on of the shutter
ti me/¥*Fro ﬁﬁeﬁ th egﬁu%Pe 1Has gp%ﬂEH?SP?ngéqugoa éﬁnﬁﬁc?ﬂ t the object
, | ( el . i d- body e o with
SoneBEpeILRIoEOLhRC R L LD ERAR LS pRof Bhin "BRY: SHALEL RATEYI O M LD o

gt or PRERLRERY RS REPppRdind Sombfell ML/ B F a5V 1T

correspondi rst “port e shu rme/v from

- Wwhen EaetﬁéUfé?égP@&nd°@8ﬂ§9néﬁteSEakhéosiQEhf §£81 OHPG, CONROPERE Of the
seventh pixel. ffomthe left in Fig. 11 corresponding to the second
din Fig. 10 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the seventh pixel from tﬁe left in Fig. 10 |
10 corresponding to the fourth portion of the shutter time/v
. from when the shutter has opened.
it can be assumed that the object corresponding to the
. foreground is a rigid body, and the foreground object is
.moving with cohstant velocity Sﬁch,that it is displayed four
~ 15  pixels to- the right in the subsequent frame. Accordingly,.
'for‘éxample, the fofegroﬁnd'componeﬁt FOG/V‘of the third
. pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has
‘opened is equal to the foreground'component of the fOurthr
- 20 pixel from the left in Fig. 10 corresponding to the second’
portioh of the shuftér tiﬁe/v-from when the shﬁtter has
opened. Similarly, the foreground component F06/v is equal
to the foreground COﬁponent of:the fifth pixel from the left.
:1in;Fig. 10.COrfe590nding'to the tﬂird pprtion of the éhutfer .

25 timg/v from when thezshﬁtter has opened, and the foreground




15- portion of the shutter time/v.fromwhen the shutter has :opened.
~Simlarly, the foreground conponent FO02/v is equal to tHE® Jaowaeygeolind
conponent of the eighth pixel fromthe Ileft in Fig. 1.1 corresponding
"to-the third portion of the shutter time/v fromwhen the.shutter has
opened. 20 "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 novement v is.4. Aceod4dlivngly, for exanple, the foreground
conponent FO3/v of the seventh pixel fromthe left in Fig. 11
corresponding to the first 25. portion of the-shutter tine/v fromwhen the

ComponeP et ha o e e i, ARRD St o By Wk "3t Pespond n

conponent of the ei rontt € rresponding to

Lhe Sasiba i) (Of (P RRMILLIdIIRLY o MBS SHLYE has

opened. 5 It has been described with referenceto lpﬁ/ghgh 11 t hat

t he nurdesd e/ itHdlahuditdrded POHdnRs is 4. The “nunber of vi rtual divided
portions corresponds to the anount, of novenent v. Cenerally, the anount

~of novenenttvcapobeespangsat @hhhetﬁevbﬂﬁeéeeeér.@ésé@ﬁdi’ﬁbe\% £RET espondi ng
10 to the foreground. For exanple, if the object corresponding to the
f obegrimuregricsimb\iisng sigid bady,t an8l ¢heplrayedrbadf obBh%eksiko the right
with respect to a certain frame when it is positioned in the subsequent
f r ame moMi@ganddiit cohsiravéneeiiocity setht ehdt TheiBudabeplafedi Fbual divi ded
15 portions is set to 4 in accordance with the amount of -
- . pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F05/v of the second
pixel from the left in Fig. 10 corresponding to the first
.10 portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of tﬁe‘third
_.pixel from the left in Fig. 10 corresponding to the second
 portion of the shutter time/v from when the shutter has
“opened. Similarly, the foreground_coﬁponent FO5/v is equal
- 15 tq'the foreground component of the fourth pikel from the
‘left in Fig. 10 corfesponding to the third poition‘of the
shutter time/v from when the shutter has opened, and the
foreground component of the fifth pixel from the left in Fig.
10 corresponding to the fourth portion of the shutter time/v
20 from when the shutter has opened.
- It can be assumed that the object corresponding to the
foreground is a rigid body, and the foregroundlobject is
moving Wwith constant velocity such that it is displayed four
. pixels to the right in the subseqﬁent‘framg. Accordingly,

25 . for example, the foreground component F04/v of the left most




-novenent v. Simlarly, when the object corresponding to the foreground is
nmovi ng such that it is displayed six pixels to the |eft Milmarp3dct to a
certain frame when it is positioned in the subsequent frane, the amount of
novenent v 20 is set to 6, acid the nunber of virtual divided portions is
set to. 6. Figs. 12 and 13 illustrate the relationship of the foreground
~area, the background area, and the-m xed-area which consists of a.covered
background or an uncovered 25 baekgsound, which are di scussed' above, to
the foreground 19 January 2006 - 50- conponents and the background
conponents corresponding to the divided periods of the shutter tine.. Fig.

12 111 at e ' i ixel.s in.the foreground area, the
: bacI_<g|)‘a(r)5§£rle(gj]€ial(r-:hza{?‘?L %né’%@%ﬁ%@%ﬁ glago aer%e éqf enijtrrsac ed t?lr %ognﬁf%ge

cont aidy [f¥e] [§S Rgydi ] Vi [nfront of a
stati oér}i%&bgglg%govﬁn . ulpﬁ{hteﬁlz exarégﬁleé%%\?\lna@ioﬁ)%hég Jléz]%ci%iel Ooj ect

COr F e Hd ¥ drduinlie oRiRHRNSf WHE s d S 'j_%tiéfhg;f? And Slelf)tm | zontal Iy

noving with respect to the screen. 10 Frame #n+l Is rane subsequent to

frame #n,riand 1f0r ¥R refépbading t AR YRR tiod (Fmain- EL. Pixels in
the foreground area, the background area, and the m xed area are extracted

from ahmttfed tdmes viifrolr atgh thetZhwandd hesaepeiedl  MHMENEBMIY, | S set to
4. A nodel .15 obtained. by. expandi ng the pixel, values of the extracted
pi xel £hen fidregriomeddicompbnenti Fodiewis rguad. tb3.the foreground

component of the third pixel from the: left in Fig. 10

'cbrresponding to the third portion of the shutter time/v

from when the shutter has opened, and the foreground
.10 componernt of the fourth pixel from the left in Fig. 10

corresponding to the fourth portion of thelshqttér time/v

 from when the shutter has opened.

‘Since the féreground area corresponding to the moving
“object contains motion blur as discussed above, it can also

15 be referred to as a "distortion area".

Fig. 11 illustrates ajmodel obtained by ekpanding in
the time direction the pixel values of the pixels in one
‘line including an uncqﬁéred background area when the object

;;corresponding to the foreground is moving to the right in
20 Fig. 11, In.Fng 11, the amount of movement v is‘4. Since
bne frame is a short period, it can be assuméd that the
.objébt corrésponding to the foreground is a rigid body
. mbving'with constant velocity. In Fig. 11, the_oﬁject'image_
. corresponding to.the féreground.ié'movingrto the right such

,25‘_thatrit islpositiohedrfour‘pixels to thé right with respect: -




Since the object corresponding to the foreground is noving, the pixel
‘values in-the foreground area are fornmed of four differddtJafueare@d@und
conponents corresponding to the 20 shutter tine/v. For exanple, the

| eft rost pixel of the pixels in the foreground. area shown in Fig. 13
consists, of FOl/v, FO2/v, FO3/v, and, FO4/v. That is, the, pixels in the
foreground contain notion blur. Since the objectcorresponding to the
background is 25 stationary, light 4@put into the sensor corresponding to
the 19 January 2006 - 51-.. .background during the shutter time does not
change. In this case, the pixel values in the background area do not.

cont ai ti bl ur The pixel values j.n the nixed area consisting of a 5
cover e Sggfﬁggﬁﬁle%ﬂgﬁmgfhéﬁnb& ovér & @W&EL&Hdtgﬁeé FEIUPBFNed of
foregr conponents and background conponents. A description is given.
bel ow of a nodel obtained by expanding in the tine direction the pixel

val ues of thep;pi xehs WhLch;aLesaki-gnedsysi - =8I plurality of 10
frames and mhiéﬁ are'locatgé %tst gggaggépgg??¥%%§ : %nftﬁ% é Fames are

over | 3Rat IVAR NS J1BRYE 1O HRS BARIAY LA LREa ObiRCEi|S Vi pg, For

exanpl e, when the image corresponding to the object Is nmovi hg hori zontal |y
- W Sh pasedet firond be FaredNpikeichks @hlcgBedeAbh! Pex8tLCeRomatnLle Sel ected

as the 15 pixels aligned side-by-side.. Fig. 14 illustrates a nodel
| obgai gecfﬂ_o?jz)e&bp@ndbnghienmikl&a tired, dwheehi 98 hRACuRtyebeethi ch are aligned
~ side-by-side '

background area. 1In Fig. 11, the rightmost pixel belongs to
the foreground érea. |
The-object corresponding to the foreground which covers
- 10 the object corresponding to the background is moving such
‘that it is gradually removed from the object corresponding

to the background over time. Accordingly, the components

contained in the pixel'values of the pixels belonging to the
uncovered background area change from the foreground
15 components to the background components at a'certaiﬁ time of

' the period corresponding to the shutter time.

For example, the pixel value M' surrounded by the thick
frame in Fig. 11 is expressed by equation (2).

M1

FO2/v+FOL/v4+B26/v+B26/v {2
_ 20 ‘;V~Fbr.examp1e;'the fifth pixel from the left contains
ﬁaqunound-components;corrésponding to three bortionslof the
shutter time/v and a foreground component corresponding to
'.one,$hutter portion of the shutter time/v, anq-thus; the
‘.;@iXture ratio « of'the,fifth pixel'from thé left-isrjlqg

25 ‘The sixth pixel from the left contains background components -



~in three frames of an inmage obtai ned by capturing an object corresponding
to a stationary background and which are 20 | ocated at tH® Jasumey P03 ti ons
when the frames are overlapped. Frame #n is the frane subsequent to frane
#n-1, and franme .#n+'i is the frame subsequent to franme #n. The sane
applies to the. other frames. The pixel values 501 through B12 shown

in. Fig. 14 are 25 pixel values corres. pouding-to the stationary background
19 January 2006 - 52- object. Sineed4The object corresponding to the
background is stationary, the pixel. values of the corresponding pixels in
frame #n-1 through frame #n+1l do not change. For exanple, the pixel in

frame 413 ,and, ixe] dnf ﬂqﬁ +| ted at the correspondi ng

. position of toﬁlde}ﬁﬁfaxe F%F\}} ﬁ{; t gﬁ&i fégl OC(il\ziealSg.lelﬁ%(‘?lfzr itﬂ'nfe é’rr’r@n#gn- 1 have the
pi xel pedie-Bd Jddnhonk tid | é%ﬁg% t aj ing in the
time di reel(??i on the It%)ioxel S V\/ndié%_thrra e g”llrgjgg:gl ﬁ%e?ﬁ)yr}-%ii%e?%lo?\ﬂ’[%hr ee franes
of an shige otididred- RhCHHY,| MhARIUNEE rHE 1O %ﬁfp%%d g .44 a .
foreground that is noving to the.right in Fig. 15 together wth an object

. corr epriordi M0 the Yledt qrany hackwowadcdig Whixeh ahed eral gt the same
posi ti ons-when the frames are overl apped. The nodel shown 1in Fig.'15

‘cont aicontaicsyer dddi@riognol cdnpoe@n tl zoktebip@ndibg ith eaR Perasswred. that
the object corresponding to the foreground is a rigid body noving with
const aift thel sbiuttgeratdmel{at ant ife reaybogds dolpbhantist is di spl ayed four
pixels to the right-in the subsequent frane.

corresponding to three portions of the shutter time/v, and
- thus, the mixture ratio a of the seventh pixel from the left
is 1/4.
io When equations (1) and (2) are generalized, the pixel

value M can be expressed by equation (3):

M=q-B+YFi/v (3)

1

where o is the miXture ratio, B indicates a pixel value of

the backg;ound, and Fi/v de;ignates a2 foreground .component.

- 15 - 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. Accordinﬁly, fof
example, the foreground component F01/v of the fifth pixel
from the left iﬁ'Fig; 11 correspondin§ to the first'portionr

20 of the. shutter time/v.from when the shutter hés éﬁened is
equal to the foreground component of the sixth pixel from
the:left_in Fig. ll.cdrfeséonding to the second po:fion'of

' the~shutter time/V'from”when the shﬁtter has'opened.' |

Similarly, the foreground component FOl/v is equal to the




- Accordingly, the.anount of novenent v is 4, and the nunber 20 of virtual

di vided portions is 4. For exanple, the foreground conpori@damudry 20OE6

| eft rost pixel of frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is F12/v,
and the foreground conmponent of the second 25 pixel fromthe left.in Fig.
15 corresponding to the second 19 January 2006 - 53 portion of the shutter
time/v fromwhen the shutter has -opgned is also F12/v. The

foregr:ound' conponent-of the third pixel, fromthe left in Fig. 15
corresponding to the third portion of the shutter tine/v fromwhen the

The | oPr iRl SRERaRB R B 7o S P PG TS (08 JELH B8 Chutter
Enggfg%?og?m?ﬁgf%559§§§% g%?gﬁiggQﬁgggé%%%ﬁ-5#?%&3ﬁLEESE%%gggggpgsponding

openod e R T R Phe SR SasoERrtay AR SRR rESRRhE e

i rom TREn Che Shutrer ho e argrCEhE BREY Mg S grouna

cafiporentcesbonti@ngt Bbr €hpi Xelirkhopoiheoheblt theFkfutrld §@meesPONding to
the fourth portion of the shutter tine/v fromwhen the shutter. has opened

i s Flftem Whenf thegshubdegohpenepkneti.t he | eft most pixel of frame #n-1 in
. Fig. 15 corresponding to the third portion of the ,

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,

10 for example, the foreground component F02/v of the sixth
_pikel from the left in Fig.‘li corresponding to the first

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

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

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

iopenéd. Siﬁilarly,'the foregroﬁhd component FOZ/V.is equal
- to the foreground compoﬁent of the eighth bixel from the
. left in Fig. 11 correspohding to the third portion of the
| shuttér time/v from when the‘shuttef has opened.
':20'f“  It can be assumed that the object corresponding to the
_fpreground is é_rigid:body, which ié moﬁing with constant
velocity, and the émount_of movement v is 4. Accordingly}
'j:"for ekample, the foregrbﬁnd cdmponent F03/v of the seventh
;.ﬁixel from the left inrfig. 11 qorréspoﬁaingrto the first

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



" -26 shutter tine/v fromwhen the shutter has opened is F10/v. The

f oreground conponent of the second pixel fromthe |eft i r9Fkapuard3006

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

shutter has opened is also 710/v. The foreground conponent of .the |eftnost

pi xel of .25 franme #n-1 in Fig. 15 corresponding to the fourth portion of

19 January 2006 - 54., the shutter tinme/v fromwhen the shutter has opened

is FO9/v. Since the object correspbfding to the background is stationary,

- the-background conponent of the second pixel fromthe left of franme #n-1
-in Fig_ 15 corresponding to the 5 first portion of-the shutter tine./v from

when dpemsltiserequds wepened ficrBPYuhd Ry’ W%h%orglgﬂl ts of the
0

third pixel fromthe left of frame #n-1 in Fig. 15 corresponding to the

first pdauelsdoond ther tliedts iof Hite SUdATrdspBiMinly @8 cMendigshutter has
~opened are .B02/v. The background 10 conmponents of the fourth pixel from

t he | POridonf odndhenshutiterFitgmels dafone sgpendiohe Eouithe f hast through third
- portions of-the shutter tine/v fromwhen the shutter has opened are
B03/voreredane #n--1 in Fig. 15, the leftnost pixel fromthe 15 left
bg%ongs to_the foreground area;.and the second through fourth pixels
from the | &8Fthps| Bagnt desasihededibhenefenhich te Higsvepethbaadyr ound

ar ea. Ih fif%H through twelfth pixels fromthe left of frame #n-1.in Fig.
15 belt nShFB & BYER§ro0AdVarsyaladdvidedppestions ial des Thereof are B04

'.througgmgé%’Q%e%-%gagYeQXvided portions éorresponds to the amount
of movement v. Generally, the amount of movement v
corresponds to the moving speed of the object corresponding

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

-is positioned in the subsequent frame, the amount of
movement v is sét to 4. The number of virtual divided

'15 portions is set fo 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 pixeis to

~the left with respect to a certain frame when it is
positioned in the subsequent‘frame, the amount of movement v

20 is set to 6, and the number of virtual divided portions is-

set to. 6. |
fFigsi 12 and 13 illustrate the relatiénship of the

'foregroﬁhd area, the background'area, and the mixed area

'_:which.consists of'a.covéred-backgrOﬁnd,or an-uncévered

_25 baCKgpound{’which are discussed'abOVE; té:the foreground.




- The first through fifth pixels fromthe left in frame #n in Fig. 15 belong
to the foreground area. The foreground conponent in the 19Fahdaey 20061/ Vv in
the foreground area of . frame #n is any one of FO5/v through F12/v. .25 It
can be assunmed that the object corresponding to the 19 January 2006 - 55-
foreground is a rigid body noving with constant-velocity, and that it is
nmoving such that the foreground inmage is displayed four pixels to the
right in.the subsequent frane. Acc?ﬁdLngly, t he foreground conponent of
the fifth pixel 5 fromthe left of frame #n in Fig. 15 corresponding to the
first portion of the shutter tine/v fromwhen the shutter has opened is

F12/v, and the for%ground conponent of the sixth pixel fromthe left in
Fi g. BPTRAMRGDRAMERD Rarkaxauwh eoriranant ofcarre siandiag tiome/ v from’

when the shutter, 10.. has opened is also F12/v. The foreground conponent of
the s :éh?ﬁé%&ﬂP?F%ﬂéarﬂfﬂRB% S’y Y¥reorresponding to the third
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background. In the example shown in Fig. 12, the object
corresponding to the foreground, which is indicated by A, is
horizontally moving with respect fo the screen.
10 Frame #n+l is a frame subsequeht to frame #n, and frame
#n+2 is a frame subsequent to frame #n+l.
| Pixels in the foreground area, the background area, and
the mixed area are extracted from one of frames #in through
#n+2, and the amount of movement v is set to 4. A modél
-15 obtained\by_expanding the pixel values of the extracted
‘pixels in the time direction is shown in Fig. 13. |
Since the object'corfésponding to the foreérouﬁd is
_ mofing, the pixel values in the foreground area are formed
of7foﬁr different-foreground'compbnents corresponding to the
20:'$hUttei'time/v; " For example, the leftmost pixel'bfrthe
'pixels in the foreground éréa shown in Fig. 13 consists of
 FOl/v, F02/v, F03/v, and FO4/v. That is, the pixels in the
ﬁoregrQUQd'coﬁtain motiqn blur.
Since the object correspondiﬂg to the baCeround is

.-25 .stationary,_light input;into thé.sensor‘corresponding-to the




portion of the shutter tine/v fromwhen the shutter has opened is al so
Fil/v.. The foreground conponent of the  seventh pixel fl@danudne20@t in
Fig. 1.5 corresponding to the 25 ...fourth portion of the shutter tine/v
fromwhen the. shutter 19 January 2006 - 56- has opened is Fl1/v. The
foreground conponent of the fifth pixel fromthe Ileft of frame #n in Fig.
15 corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has 5' opened is F10/v. ThéX¥oreground conponent of the sixth

pi xel fromthe left in Fig. 15 corresponding to the fourth portion of the
shutter tinme/v fromwhen the...shutter has opened is also F10/v. The

f or egre rooRRo aart nef thhe shi kxel 4r e 1. .of ape.#n in Fig.
15 corrgggﬁnding to 1% t he f%&%&%rpg%?%ogkggnkﬁg ghﬁ%?gf t?%eﬁ§l$r0n1mhen
the sl erheapiapenedlussFe8/ ¥heShAekqhboanPheeh 88" HEEPEAHEIgLt O the
background is .stationary, the background conponent of the Si Xt h pi xel
from mplgohebtluaf. frane #n in Fig. 15 corresponding to the first 15 portion
of the shutter time/v fromwhen the shutter has opened is B05/v. The
backgr oundThenpbreht gabfie$ hin seventhxeqi xebafcomiseidgfdérof frame #n in
F“%E 15 corresponding to the first and second portions of the shutter

t i+re/ FoVesRa RRekgronedshueaecor hmsunpenededr baBRGrvundherbackgeound 20
components of the eighth pixel fromthe left. of frame #n in Fig. 15

cor r e$PEREANGLL SorRereurdt conpought s hand backiyoosndfcomponents . _

A Qescription is given below of a model obtained by
expanding in the time direction the pixel values of the
pixels which are aligned side-by-side in a plurality of

10 frames and which are located at the sane poéitiqns when the
frames are overlapped when the image corresponding to the

| . . . . '
object is moving. For example, when the image corresponding

to the object is moving horizontally with respect to the
screen, pixels aligned on the screen can be selected as the

15 pixels aligned'side—by—side..

VFig. 14 illUstrates a model obtained by expandinq in
the time direction the piXels which are aligned éide—by—side
in three frames of an image obtained by capturin§ an object
porréspondingrto a stationary background and which are

20 located at the same positions when the frames are overlapped.
~ Frame #n is,ﬁhe frame subsequent to frame #n;l, and framer
#n+l is the frame subseqﬁent_to framé #in. The same applies
to the3other.£ramés. ' .
.'Thg pixel vaers BOl through B12 shown'in[fig..lé are

- 25 pixelgValues cérreSpohding‘to thérstatiohary_baékg:ound



the shutter tinme/v fromwhen the shutter has opened are BO7/v. In
frame#n.in Fig. 15, the. sixth through eighth pixels.. 29 Jhieey 2005 | ef t
belong to the m xed area, which is a. covered 19 January 2006 - 57.
background area. The ninth through twelfth pixels fromthe left of frame #n
in Fig. 15 belong to the background area, and the pixel values thereof are
BO8' t hrough Bil, respectively. 5 The first through ninth pixels fromthe
left in frane #n+l in Fig._15 belogg.to the foreground area. The

f oreground conponent in the shutter time/v in the foreground area of frane
#n+l is any one of F.01/v through F12/v. It can be assuned that the object

vl oo B St T 1119 TSI G S FAs IR h 9 il v s

.5 8 S 48 0 B M 0
ad SR LD B U
RN A T S B A R T

f 05 egroineotaBEBARtingd b 20 AR hillefChalyia efhdeyi 0 Figh. 15,
corresponding to the "third portion of hee)sihutat é‘r@tltt%%l f%’rxre(%‘m when t he
shutt ealue BOS in frame #n-1 have the pixel value BOS.
Fig. 15 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

 10 ' corresponding to a foreground that is moving to. the right in

Fig. 15 together with an object corresponding to a

stationary background and which are located at the same

positionS‘when the frames are overlapped. The model shown
'in Fig. 15 contains-a covered background area.
__'15 ) In Fig. 15, 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 itris
displayed four pixels:to the right 'in the subsequent frame.
lA;cdrdingly; the amount of movement v is 4, and the number
 20 - of virtual dividéd portions iss4, |
_For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 15 corresponding £o the first -
por?ioh of the shutter time/v from when the shutter has
opened is F12/v, and the foregrouﬁdfcompoﬁent bf the second.

- 25 'pigel'from'the left.in Fig. 15 Correspoﬁding to the second



has opened and the foreground conponent of the twelfth pixel fromthe left
in Fig. 15 corresponding to the fourth portion of the shudtesuaty 2@iev. from
when the shutter has opened are 25 Flt/v. 19 January 2006 - 58. The
foreground conmponent of the ninth pixel fromthe - left of frame #n+l in
Fig_ 15 corresponding to the second portion of the shutter tine/v from when
~the shutter has opened is F11/v. The foreground conponent of the tenth 5

pi xel fromthe left in Fig. 15 corrg3pending to the third portion of the
shutter tinme/v fromwhen the shutter has .opened is also F11/v. The
foreground conponent of the eleventh pixel fromthe left in Fig_ 15

' ' hut,t. ti,ne/v,.fromwhen the
gﬁlrj[;a r 16&ﬁ£€0%%ﬁe%ﬂlﬂ{sg%1%&ﬁé§ﬂe8{oﬁr tel'ﬁlg;reinutl{: egtrisr%uo% St ktﬂ‘s the ninth
i xel - f a s ' : ondi .the third
Blo)r(t [ Cﬁ\ﬂéé?@c% hrlgs sa! hl(tjsioi eE‘rizt/if‘;rfe/rr\?r tfé:oérﬁf\ﬁ?eﬂr?lghde%n%ﬁr{eeﬁﬁﬁgy Ieg%e;tg]&g:lﬁs Flb/ %

The f qyig@10 RO fn t t ' sf t..in Fig. 15
cor r'egfpgﬁ'{ji lr?gq)tlﬁ t hen?@(sjtr ?Lhn pﬂ(‘)lfgt [ (?rr? g‘&t@ﬁgﬁs&ﬁl&l’g{eg?mﬁ @évq{hrlglﬁ?mhen t he
shut t glorttioroRaNathd Shl e 10/ne/vTHe- OO WHE GIRANENHLa0f the ninth
pixel fromthe left of frame #n+l in Fig. 15 corresponding to the fourth
poBt i apesfed tamel st tfendgrmingd fdoapomen: Fe thel foulit @ixeas repaned s -
FO9/v. Since the object corresponding to the background is stationary, the
backgrtdend.edénpon&iig.ofl &t loe drexsiponpiixgl tr @e fourth portion of

. the shutterltime/v from wheh'the shutter has opened are
F12/v. |
The foreground component of the leftmost pixel of frame
:%0 #n-1 in Fig. 15 corresponding to the second portion of the
shutter time/v from wheh the shutter has opened is Fll/v.
The.foregrpund component of the second pixel from the left
‘in Fig. 15 corrgsponding to the‘third*portion of the shuttér
_time/v from when the shutter-has opened is also Fll/v. The
15- foreground component of the third pixel from the léft in Figqg.
15 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened is Fll/v.. | |
The foreground component of the lefﬁmost pixel of frame
l#n*l.in Fig. 15 corresponding to the third portiOn of the
:éO ‘shutter time/v from when the shutter has opened is FlO/v.:
‘The foreground compgnent of'the gecdnd pixei from the left
.. in Fig. 15~cqrresponding to the fourth portion ofrther
shutter time/v from when the shutter has opened is also
,jFlO/v. The fo;egrounducomponeﬁt‘bf the'lgftmost pixel -of

25 frame #n~1'in Fig;‘ls corresponding to the fourth portion of




the left of franme.#n-i-1 in Fig. 15 corresponding to the first .portion of
the shutter tine/v fromwhen the-shutter has 25 opened i sl95aRuary 2006
background conmponents of the eleventh 19 January 2006 - 59- pixel fromthe
|l eft of frame #n+1l in Fig. 15 corresponding to the first and second
portions of the shutter time/v fromwhen the shutter has opened are B10/v..
The background conponents of the twelfth pixel fromthe left of frane #n+l
5in Fig. 15 corresponding to the §igst-through third portions of the
shutter tinme/v fromwhen the shutter has opened are Bll/v. In frame #n+. 1|
in Fig. 15, the tenth through twelfth pixels fromthe-left belong.to the

m xed a i i overed ,hackground qrea. Fig. 16 is a npdel of
anI i mggﬁogth\g‘:%ﬁ%# @m%%ﬁéf%tognnéﬁﬁrhetq}%r%y%‘iﬁﬁ }Wd I btﬁeﬁ% :’fsrdoiﬁ?ﬁé- pi é_el
val ues showgs . g rates el ., obt ai ne y- expandi ng
in 15 the.tiﬁiéeﬁi{?lg%t‘?’ﬁojnettﬁec%%%% ’!%‘!’#Aﬁui%ﬁ £7 tf] RIS I pbEside in

three ktaggenatkyanthBRgs-REt-ai,8d rLR9+AR QR ¢orrespondi ng to
a foregroundnth§? is novfng ?3H?h§B%P8ﬂ9h?nb%FF§g %?h?géePﬁé?imjth an

obj ect feomr eapondicagotoraamtahonagy pagkggeu d. uhi are ated at
t he same 20 positions when the frames age ove? gg%gﬁ$ﬂ#ﬁggn%§e#ﬂéhomn in

Fi gs. fY¥rstnbarhsoancintheesrRdtbaekginuped ar8a whéR FhE- shdrebl can be
assuned that the object -
. has opened is B01/v. The background components of the third
- pixel from the left of frame #n-1 in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B02/v. The background
10 compbnents of the fourth pixel from the left of frame #n-1
invFig. 15 corresponding to the first through third_portions
. of:the shutter time/v from when the shutter has opened are
B03/v. |
In frame #n~1 in Fig. 15, the leftmost pixel from the
15 left belongs to the foreground area; and the second through
- fourth pixels fromithe left belong to the mixed area, whidh” 
is a covered background area. |
| The fifth through twelfth pixels from the left of frame
#hﬁlﬂin Fig. 15 belong to the.backgrqund area, and the pixel
20  values thereof are B04 through B11, respectiVely;
The first through fifth pixels from thé.léft in frame
#n in Fig. 15 belong to the foreground érea. The foréground
'cémponent in the shuttér_timé/v in the foreﬁround'area'of
'ifréme #n is any one'of'FQS/v throﬁéh.F12/v.

.25 7,rIt cah be_assumed,that-thefobject corresponding to the




- corresponding to the foreground is: a rigid body nmoving' with constant
velocity, and that it is.noving such that it is 25 di spl aggdnudrp200gi Xel s
to the right in the subsequent frane. 19 January 2006 - 60-- 10
Accordingly, the amount of novenent v is 4. For exanple, the foreground
conponent. of the |leftnost pixel of franme #n-1 in Fig. 17 corresponding to
the first portion of the shutter tinme/v fromwhen the shutter has opened
is F13/v, and the foreground conpenght-of the second pixel fromthe
portion of the opened is also pixel fromthe portion of the opened and
the left in Fig. 17 corresponding to the second shutter tinme/v from when
the s :Hﬂﬁl -E - ok f.of 0 t the,thi.rd left in Fig.
17 co?rgéttseg)rn I 'ng JT%%{ \k%elgtlh%?rbggfyg?f[ﬂ%ﬁg% ﬁ{% \EL'% rsg%ﬁlvtfh'gﬁlf)ﬁétghutter has

f or eOLOUNTHLAMANGY 1y 143E R A H8le | e foalgR Fisg: 17
corregpond-i ng to ?hen%odr?ﬁsportior?moﬂeth% S ut%t?lcg,}?:il tllgﬂr?g%vlifrom when t he
Shut { efs A% RRENBRNARA xdIL3IY thed i Areghouadheaapapentc-ghelhe second

pixel fromthe left of frame #n-1"in Fig. 17 corresponding to the first
' Accordingly, the foreground component of the fifth pixel
S _from.thé left of frame #n in Fig. 15 corresponding to the

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

-has opened is F12/v, and the foregrouhd component of the

sixth_pixel from the left in Fig. 15 corresponding.to the
_‘second portion of the shutter time/v from when the.shutter
‘10 “has opened is also F12/v. 'The foreground component of the
seventh pixel froﬁ the left in Fiqg. 15 corresponding to the

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

has opened and the foregrodnd component of the eighth pixel

 from the left in Fig. 15 corresponding to the fourth portion ' é

15 of the shutter time/v from when the shutter has opened are
F12/v.
The foreground component of tﬁe fifth pixel from the
-left-of frame #n in Fig. 15 corresponding to the second
.poftion of the shutter time/v from when the shuttér has
20..6pened is Fl1/v. .The foregrouqd component of fhé'sixth
jpikel.from the left in Fig. 15 cdrresponding'to the third
portion of the shutter time/v from when the shuﬁter'has
Qpened.is also Fll/v. Thé foreground component of the
seventh pixel from“thé‘leftlin“Fig. 15 co;respoﬁdihg-to the

.25 -fqurth pdrtion of the-shutter time/v:ffém.whenltheﬂshutter



- portion of the shutter tinme/v fromwhen the shutter has opened is Fl14/v.
The foreground conponent of the third pixel fromthe | efl9 Jauaky 200617
corresponding to the second 20 portion of the shutter tine/v from when the
shutter.has opened is also Fl14/v.. The foreground conponent of the third
pi xel fromthe left in Fig. 17 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has ,opened is F15/v. 25 Since the
obj ect corresponding to.the backgrosi@d-is 19 January 2006 - 61 stationary,
t he background conponents of the |eftnost pixel of frame #n-1 in Fig. 17
corresponding to the second through fourth portions of the shutter tine/v

from t.he shutt has opened are B25/v. The background-conponents
of.th\éﬂgg é‘g%%%d lpii: jﬁ:elil/f%r'omthe |l eft of frame #n--1 in Fig. 17 -

correspondi t Iy fourt rti of .th shutter tine/v from
when t he sﬁg%%é%r%ggoggghgg%gggeﬁ%GP?.% hgggigk§%§&§df589p%ﬁ§nt of the
third pixelofr f f. fr #n- . 1R 0. 17..cor. nding to the
fourt hp%%gt?fon 0 Iﬁé%od ?hnte E?’r1(':ru't tleir%%’%?d#holnr%ﬁhte&n 1:t Ye st)fei%'?fer has opened

i's B2Tpdrtidm f AR Hiukdy Fﬂigne/]i;’fhrto_tﬁ? e raat é?{d@éert BQugh the third

pi xel belong to the m xed area, which is an. uncovered background area.

The f ospdred o ughy Awel fitte Fowgrdurddigdrfidt off che fJim@r #n71 in Fig..
17 belong. to the foreground area. The foreground conponent of the frane
is anypionel ofrdnl3he HdBtough A/ WS corresponding to the fourth
 portion of the shutter time/v froﬁ'whén the . shutter has
opened is also F10/v. The foreground component of the fifth
pikel from the left of frame #n in Fig. 15 corresponding to
.10 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 sixth pixel from
the left of frame #n in Fig. 15 corresponding to the first
-15  portion of the shutter time/v from when.the shutter has
" opened is B05/v. The baCkground compohents of the seventh
pigel from the left of frame #ﬁ in Fig. 15 corresponding to
.the'firSt and second portioné of the shutter time/v from
when the shuttgr,has opened are B06/v. The background
‘20 - components of the eighth pixel from the left of frame #n ih
' Fig. 15 corresponding to the first through third.portions of
 the shutt_er- time/v from when the shutter ha,é opened are
?Bﬁ?/v, . | |
In frame #n in Fig. 15, the sixth through eighth pixélsj. ;

.25 from' the left belong to the-miXédiérea, whi¢h is a covered




- The | eftnost pixel ‘through the fourth pixel fromthe left of frame #n in.
Fig..17 belong to the background area, 20 and the pixel 19damesy 2065 eof are
B25 t hrough B28, respectively. It can be assunmed that the object
corresponding to the foreground is a rigid body noving with:constant
velocity, and that it is noving such that it is displayed four pixels 25
to the right in the subsequent frame. Accordingly, the 19 January 2006 -

62. foreground conmponent of the f+f%h pixel fromthe left of frame #n in
Fig. 17 corresponding to the first portion of the shutter tinme/v from when
the shutter has opened is F13/v, and the foreground conponent of the sixth
pi xel Hacqpthgad sheft. in Fig. 17 corresponding to the second portion of the
~shutter ti'me/v fromwhen the shutter has opened is also F13/v. The

f or egr oundreenReAeAt +AL Pl xeh f held Lp B9, .17

corresponding to the th?%gﬁp§§§?ggﬂogiﬁgﬁg gggPtg?%t%%g}vo?rgkg fen the

shutt én has regened aedonke t50 ther ey HAMRAMENT £y the ¢ighih pixel from
the left in Fig. 17 corresponding to the fourth portion o J%%% shutter

ti me/ valuem whemeblie askuBDer thasugpemad ane fpk¥/tivelthe foreground
conponent of the sixth pixel fromthe left of frame #n in Fig. 17
co?respondTihg fbrshethrosgh Abnphrpirelsf fibr shut tefFct iAefFyafeom when t he
shutter has opened is F14/v. The foreground, conponent of the seventh pixel
from #R&l| &nt Fig. FiL§. belovgr tespbedifogenmotingl seeand Thertion of the
- shutter tine/v fromwhen the shutter has ~
foreground component in the shutter time/v in the foreground
area of frame #n+l is any one of FO1/v through F12/v.
It can be assumed that the object corresponding to the
10 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.
Accordingly, the foreground component of the ninth pixel
‘from the left of frame fintl in Fig. 15 corresponding to the
15 first portion of the. shutter time/v from when the shutter
' "has opened is F12/v, and the foreground comporient of the
tenth pixel from the left in Fig. 15 corresponding to the
‘second portion of the shutter time/v from when the shutter
has opened is also F12/v. The-foreground cbmpbnent of the
- 20 eleventh pixel'from‘the left in Fig. 15 corresponding to the
third portion of themshutter time/v from when the shutter |
has opened and the foreground component of the twelfth pixel
'from the left in Fig. 15 corresponding to the fourth portion
_of the shutter time/v_from;when tﬁejshﬁtter has opened are

25 Fi2/v. .




opened is also F14/v. The foreground conponent of the 20. eighth pixel from
the left:in Fig.. 17 corresponding to the first portion 19fJahiey 3008 t er
time/v fromwhen the shutter has opened is F15/v. Since the object |
corresponding to the background is .stationary, the background conponents

‘of the fifth pixel 25 fromthe left of frame #n in Fig. 17 corresponding
to the 19 January 2006 -- 63- second through fourth portions of the shutter

time/v from when'the shutter has-opé8ned are B29/v. The background
conponents of the sixth pixel fromthe left of frame On in Fig. 17
corresponding to. the third and.fourth portions of 5 the shutter tine/v

fromwhen thgs Sgwfrom tﬁrebqtrﬂbfq%rg# %%f %?h%/ ‘Ehe bacﬁg[fo(lcf)?p?,t onponent  of

t he sevent h- pi xel r ane onding to

t he fcm@f@ oPOEFARD Pheihg, SPpitelst 1%? t.he shutter has opened
is B31/v. 10 In frame On in ﬁ#% 1766$é§%é4¢§? gﬁf Tt SUGT the seventh

pi xel povridhent effie bah@nEe or {he/ 7 xesh anga, M@ cover ed
background area. The eighth through twelfth pﬁ¥2%§ﬂ¥ygﬁ?$ﬁb eft of frane

#n i n dpehed 7ide TNV 1 0 The Foregraun @mgnalie ofl&h\@'tlé]%.rﬁ the
of the

foreground area.of frame On corresponding to the period shutter
ti e/ wizelanfroneted R vid Wiopghts dd@/espobkE deefidmsle Ripigly t hrough the
eighth pixel fromthe left of frame #n+l in Fig. 17 belong to the
backgR&iffdiady exf ,the shutter time/v from when the shutter has
opened is also Fll/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to thé
fourth portion of the shutter time/v from when the shutter
10 has opened is Fl1l/v,
The foreground component of the ninth pixel- from the
left of frame #n+l1 in Fig. 15 corresponding to the third
portion of the shutter time/v from when the shutter has
- opened is Fl10/v. The foreground component of the tenth
15 pixol from the left in Fig. 15 corresponding to the fourth
portion of the shutter time/v from when the shutter has
opened 1is also FlO/v\_ fhe.foreground component of the ninth
'pixel.from the left of frame #n+l in Fig. 15'corre5ponding
‘tolthe fourth portion of the shutter‘timefv from when the
20  shutter has ogaén‘ed is F09/v. |
‘ Slnce the object correspondlng to.the background is
statlonary, ‘the background component of the tenth pixel from

o the left of frame  #n+1 in Fig. 15 correspondlng to the first

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

.25 opened is BO9/V. The background cOmponents of the elewenthf




- 20 and the-pixel values thereof are B25 through B32, respectively.. It can
be assuned that the object corresponding to the foregrouddamsarp20063i d body
noving with constant velocity,.. .and that:it. is noving.such that it is.
di spl ayed four pixels 25 to the right in" the subsequent frane. -
Accordingly, the 19 January 2006 - 64 - .foreground conponent of the ninth
pi xel fromthe left of frame #n+l in Fig.- 17 corresponding’ 'to the first
~portion of the shutter tinme/v fromséen the shutter has opened is F13/v,
and the foreground conponent of the tenth pixel fromthe 5 left in Fig. 17
corresponding to the second portion of the shutter tine/v from when the.

shut t eJ. S i so . E13/v. .The f.oregrou conmponent of the el eventh
_ pi xel gflr)%?rl] #ﬁ:’g{pl%g’fet %“le?tFiogf. f%?nheor#rrgglpd‘r%i 7t 3%( lﬁéﬂtp’?ﬁsﬁ?? 9on of the
componGn o TR AT SRR AR eh GPE g DA Aeebnd ng to
the fQuNddh dp@r tsheit o Hiy Ly | AR/ S ro > S ter has. opened
are F13/v. The foregfbun? ?@#ﬁoneﬁ?k% €Hgiteﬁ?%p§¥§%€ﬁ?}on1the | eft of

frame gémbonehts @f tné e1esRoRdid - dhenld Nt b 1 a&d'ﬁg f the
shutter tinme/v from when the shgﬁier has opened 1s %?i?%¥ ghggTeground

- cofporentrief. tlse colrevepbhidipigiel fthemsiket eht-oldhFicthi vl gofigsRonding to
t he. second portion of the shutter tine/v fromwien the shutter has opened

- i s al o Eb4/ shutherf ¢imgrousdosompenetheokhiultee20 hawelodhedd %@le from the
~left in Fig. 17 corresponding to the :
Bll/v.
In frame #n+l in Fig. 15, the tenth through twelfth
pixels from the ‘left belong to the mixed area; which is a
iO covered background area.
Fig. 16 is a model of an image obtained byréxtracting
the foreground components from the pixel values shown in Fig.
15.
Fig. 17 illustfates é model obtained by expanding in
15 the.timé‘direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a fogeground that is moving to the right in
_.Fig. l?'togéther with anAobjectfcorresponding to a
stationary background and which are located at thé same
20 Jbositions when the frames are overiapped. The model shown
in Fig; 17Acontains an_unCovered-background‘area; | |
In Fig; 17,.it can be assumed that thefobjeét
cbrrespquing to the fqrgéround is a rigid body moving with
_éonst'ant velocity, and“that it"'is"mo{ring—é_lich that _it';‘is

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




first.portion of the-shutter tine/v fromwhen the shutter has opened is
F15/v. Since the object corresponding to the background- i Jahaiy 2009 Y, '

the background conponents of the ninth pixel 25 front-the left of frane
#n+l in Fig. 17 corresponding to the 19 January 2006 - 65- ,second through
fourth. portions of the shutter tine/v fromwhen the shutter has opened are
B33/v. The background conponents of the tenth pixel fromthe left of frane
#n+l in Fig. 17 corresponding to thegothird and fourth portions of 5 the
shutter tinme/v fromwhen the shutter has opened are B34/v. The background
conponent of the eleventh pixel from the left of frame #n+l in Fig. 17

‘corres fourth po tion of the shujter tinme/v fromwhen the
shutté?ggﬁ%@gg%P eggui FoveReie ¥ in Fig. 17 the ni nt h

t hrough el t el s fr lefi in F| 7 nlxed ar ea,
which is aﬁvﬁc%v e? b}c eg?gc?utlng’g‘:é?r‘léléff “PENR \/\é’ltftﬁbgh? he left of

frame ﬁfpgélld;lf TN trﬁ ut t X t%%/fﬁocgﬁ‘g%% &8 th-le_ahef for egr ound

conponent in vin oregr uivd Bed 6 S rane #n+1 is

any Orﬁo@h&;%ﬁ ke %gitfé@/ﬁflm@xg fﬂcﬁu'»ﬁl@rhe 5 Xe £ hjrgge- obt ai ned by

extracting the foreground conmponents from ues shown in Fig.
175 2pdederis nLd/ek dd Hitte fordindleacifffldnt o Wid ske3ngpeci fies

flags indicating to which of a foreground' .area, a
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
' opened is also F13/V-‘ The foregrouod component of the third
pixel from the left in Fig. 17 corresponding to the third
.10 portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixol from
the left in Fiq. 17 corresponding to the fourth portion of
the shutter time/v from wheén the shutter has opened are
F13/v. - | |
15 The foreground component of the second pixel from the
" left of frame #n-1 'in Fig. 17 corresponding to the first
portion of the shuotef'time/v from when the shutter has
opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the second
20 portion of the shutter time/vffrom when the shutter has
opened is also Fl4/v. The toreground componént of the third
pixel from the left in Fig. 17 corresponding to the first
ﬂportioh of the shutter.time/v from when the_shutﬁer oas
'_;opened is FlS/v " | | |

25 ‘ Slnce the object correspondlng to the background is




background area,, a covered background area, or an uncovered background
area the individual pixels. of the input inmage belong by9ushigy 2065 pi xel
values of a plurality of frames, 25 and supplies the flags to the

m xture-ratio cal culator-104 19 January 2006 - 66. and the notion-blur
adjusting unit 106 as the:area information. The m xture-ratio cal cul ator
104 calculates the mxture ratio a for each pixel contained in the m xed
area based on 5 the pixel valuesd1a plurality of frames and the area
information, and supplies the resulting mxture ratio a to .the '

f or egr ound/ backgr ound separator 105. The foreground/ background separ at or

105 ( i i i 1] h
foregrsasdoning: st BARIRSEATRORRAheL TG, 808 ThEPEeSh BREFA Ty of

;rarresf R §2-1NGor |t ony egs_irg gm%&g]&y ®o' @uapsé?o&adthéga%' es_the

or eground -conponent 1 mage to the notion-DblFfur™ ."adj usting uni 6. The

mot i Ol th RS NGY o¥Nichel QRuRELYS 1S nkhs %%gggggégneﬁﬁgy§heee9'uf

contained inthe foreground conponent | nmage or eground

CONPORGRL opdeR SWRPBREY v I 0MhEbhgackereahauedhpasrkarousd sgparator 105, the
notion vector supplied fromthe notion detector 102, and the area

i ng or satbad pupelli edofr ehet herar e spaaef ¥hPg wAi Fid0317and 20 then
out puts the-foreground conponent inmage in which notion blur |Is adjusted.
The proceesppgdiay adj thti bhikrleaadodoureh potrtoondldf the
shutter time/v from when the shutter has opened are B26/v.
The background component of the third pixel from the left of
- frame #in-1 in Fig. 17 corresponding to the fourth portion of
.10 . the shutter time/v from when the shutter has opened is,BZ?/v.‘
In frame #n-1 in Fig. 17, the leftmost'pixel‘through

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

uncovered background area.
The fourth through twelfth pixels from the left of

15 frame #n-1 in Fig. 17 belong_to‘the foreground area. The

"foreground'cdmponent'of the frame is any one of F13/v
thfough F24/v. |
The leftﬁost pixel through the fourth pixel frém the
left of frame #n in Fig. 17 belong to the background area,l
20  and the pixel values thereof are B25 through B28,
;reépéctively. - |
It can be‘aséumed that the.object corresponding to the
foregrouqd is a rigid body moving with constant velocity,
; and that it,is'meing.éuch that if'is.displayed foﬁrAﬁiXEIS

-._ 25 to the right in the subsequent frame. _AcCordingly, thé- _



performed by the signal processing apparatus is described

bel'own th,reference to. the flowchart of Fig. 19. In stepo9 Jakuabligoa he
area.specifying unit 103-executes area specifying 19 January 2006 -- 67 -
processi ng, based on an input inage, for generating area information.
indicating to which of a foreground area, a background area, a covered
background area, or an uncovered. background area each pixel of'the input

i mage belongs. Details of the areaegpecifying processing are given bel ow
The area specifying unit 103 supplies the generated area information to
the m xture-ratio calculator 104. In step S11, the area specifying unit 103

‘may 935$E 4 nput image, area information.ndicating to 10
whi ch o ﬁlgo?%(?:égcﬁ%uoﬁl}%&aé:%aﬁ qﬁ%‘e fDlac grpdllﬁe atlr’ré)én e tlﬁgt Mxed area
(regarglgss gfher eaedy Bl hel t.Q a -.cquered .hackground area or
an uncoveredﬂ%aﬁggfgﬁnd'areé?kéﬁggﬁf%ﬁ£gﬁ)3?“3ﬁgﬁgﬁbﬁ¥g?%ﬁﬁb elongs.-In
this case, sheref oF B AHNERAGKUEQUPRe SERAE AL P 1 105 h hop-blur 15-
adj usting unit 106 determ ne based onetﬁe d?%ect%%noggg?%efﬁgF?ggGVector
Whet hednd hendn stk FRivd TohpoMeebHaaidTauWe AKRE Frdl tg.%f:overed .
background area. For exanple, if the input imagé is disposed in the order
of 5t held b egr iRl Area@orrddi@ofidiedy aleahanddone padiabaund ahea in the
direction of 20 the notion vector, it is determined that the m xed area Is
- a cowdnedadkgrednd reme whelnf thiee shumtleri tage opendidspesadsion the order of

" the background area, the m xed area, and the foreground area in the

di rectBlslY wf tThe fottiegmovedt copponent of the seventh pixel from-
‘the left in Fig. 17Acorresponding to the third portion of
the shutter time/v from when.the shutter has opened and the

._10 foreground component of the eighth pixel from the left in
Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

The foregrqund component of the sixth pixel from the
- left of frame #n in Fig. 17 correspondiﬁg to the first
15 -portion of the shutter time/v from when the shutter has
- opened is F14/v. The foreground component of the séventh '
pixel from fhe left in Fig. 17 corresponding to the seéond
.portion of the shutter time/v'from when the shutter has
opened is also Fl4/v. _The_fdreground component of the

20 . eighth pixel from the left in Fig. 17 correspoﬁding to the
first}portion of the'shqtter time/v from-whén the sﬁutter
hasAopened is F15/v.

Since the object‘corresponding to the background is
~$tationary; the'backgiéund componénts of the fifth pixel

|25  from the left of frame #n in Fig. 17 corresponding to the -




determ ned that the m xed area i s an uncovered. background, 25 area. 19
January 2006 -- 68 - In step S12, the mxture-ratio cal qyljahpfy 606
calculates the mxture ratio a for each pixel contained in the m xed area
based on'the input inmage and the area information. Details of the m xture
ratio calculating 5 processing are given below. The m xture-ratio

cal culator 104 supplies the resulting mxture ratio a to the

f or egr ound/ backgr ound separator ®0%3 +n step 513, the foreground/ background
separator 105 extracts the foreground conponents fromthe input image 10
based on the area information and the m xture ratio a, and supplies the
foreg C t -1 h - 1.00- = bl j L.Nng. uni 06 _as the
foreg%%gﬁ dcggggﬁ§ﬁt§?ﬁggé.soFgagﬁgpoglgFet%ghgg%%o%}%Fd% éﬁ?ﬂsting-unit

106 JGRRRALRS, shatedORabNepERELODKeEE Y v andrhBeLaEegrdink! OF MLl on, the
unit of processing that indicates the positions of consecutive pixels

di spogefipblehf8 BRVLRE silkERCHEQB1aRdoRELAARYIBGLt QraR¥aRE kheipyncovered
background area, the foreground area, and the covered background area,

‘and adiiyst 37t beragbpohdohgbi BRebkHi rgoahAl PEArtR pHetr28nkopegr ound
conponent's corresponding to the unit of ..proces-sing. Details of the

proceshenghfibteadfimé/mgftde whehuthe Ofhiibt&PNhds Ubp8hedoaren bel ow. In
step S15, the signal. processing apparatus determ nes whether the
proceB8DAy.i sThenbabkgrdéondt benpbonéet sof ethie $éventh pixel from
| the left of frame #n in Fig. 17 corresponding to the fourth
-portion of -the shutter time/v from when the shutter has
opened is B31/v.
10 In frame #in in Fig. 17, the fifth pixel through the
seventh pixel from the left belong to the mixed area, which
is an uncovered background area.

The eighth through twelfth pixels from the left of

frame #n in Fig. 17 belong to the foreground area. The

15 wvalue in ﬁhg foreground area_of frame #n corresponding to
" -the period of the shutter time/v is any one of F13/v through:
F20/v. | | |
The léftmost pixel through the eighth pixel.from the
-left of frame #n+l in Fig. 17 belong to the background area,
"20 and the pixel Valuesrthereof aré B25 through B32,
_respectively; | o
.It can be assumed that the object cdrresponding to the
foregfdund is a rigid bédf‘moving with constant velocity,
and that itis moving éuch that it is_displayed}four pixels_

© 25 . to the right in the subsequent frame. - Accordingly, the




.25 it is determined that the processing is not finished for .the 19

. January 2006 - 69 whole -screen, the process proceeds tolSUeﬂmﬁygomand t he
processing for -adjusting the anount of notion-blur for the foreground
conmponents corresponding to the unit of processing is. repeated. 5 If it is
determned in step S15 that the processing is finished for the whole
screen, then the process ends. -In. this manner, the signal processing
apparatus is capable of adjusting the-anount of notion blur contained in
the foreground by separating the foreground and the 10 background. That is
t he- si gnal processing‘apparatus IS capable of adjustlng t he amount of

not SRHH é%ﬁ% t.he lues of the
Pgrleg;fﬁ%ﬁr pi xeadé he confl guratl on of ecﬁ ,1?&? héh are: S[?£I fying unit
15 10%rduhe il Ue-r8f | or PG Aiindiidy t& Nohe - rp%%&%a%@r ound

1
separator 105, and the notion-blur adjusting unit f%% escri bed bel ow.

Fig. tz&|§mmpc&qn@&/&@rﬁmmlwéﬁreﬁénghﬁﬁeeEOHssgegéhhanlefFi@ area
T'speC|fy|ng unit 103. The area 20 specifying unit own in Figl 20 does

not usadi vt i furegusind .compoh e kil el HEH I H GIIPENA @he?- 01 detects a
‘nmotion. of a.background in an input image, and causes the input imge to

moYe iLefarial |Rilg.addbratimge dperichion o dfce e -s st D bt itdhe 025 thackgr ound. '
Th e b aC X %rtoeli'n dt ll’];l{)at/ Ivo r:fr%?nn%%r:asna tt?lre 25%:1-1 tstlgljrp lhlaess o d 1
pened is also
F13/v. The foreground component of the eleventh pixel from
the left in Fig. 1# corresponding to the third portion of-
" the shutter time/v from when the shutter has opened and the
10 foreground component of the twelf?h-pixel from the left in
Fig. 17 correspoﬁding to the fourth portion of the shutter
time/v from when the shutter has'opgned are Fl13/v.
-The foreground component of the tenth pixel ffom the
'1eft.6fiframe #ﬁ+1 in Fig. :17 corresponding to the first
15  portion of the shutter time/v from when the shutter has
‘opened is Fl4/v. The'foréground component of the eleventh’
-pixél from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
openéd is also Fl4/v. The fcreqround-component.of the
'.20-_twelfth pixel from the left in Fig. 17 corresponding to the
Afirst‘portioﬁ of tﬁe-shutter time/v from wheh the shutter '-
hasﬁopened is F15/v.
_ Sincé the object corresponding to the background is
.statiOnafY[ the backgféuﬁd componéhfs of the ninth pixel

25 from the left of frame #n+l in Fig. 17 éorresponding to the




- 19 January 2006 - 70- the input inmage that is noving in parallel according
to the notion of the background to an area specifying priodemgey2@i2. The

i mage supplied to the area specifying processor 202 matches the background

on the screen 5 Based on the imge supplied fromthe background notion

conpensat or 201 which matches'the background on the screen, the area

speci fyi ng processor 202 generates area information indicating to which of

an uncovered background area, a. -s¢@at+onary area, a noving area, or

ancovered background area. 10 each pi xel belongs, and outputs the generated

area information Fig. 21 is a block diagramillustrating the

cont| SUALET o ALE1ENESINL0 i AU DS IY By e

background not1 on “Conpensa ormed

mot i O‘il:hh%?{ghﬂéﬁsi MR WS fonkd W3 222" 4 ARLAJRAGHHN 11 pOTL] Ons

L 223-1t 223-4. The area specifying processor ormed of a frane

TETD! Y oRbn Sl MY TRYIH ISR RGOS 225ohel §r335ad, area

determ ning portions 226-1 to 226-3, a 20 determning-flag-storing frame-

MENDr ¥idl7,1 7 rHRRYnen 233 theNd i rdeteldridoign| pagt3basi B¢ frame nemory
229. The franme nmenory 221 stores an-input image in units of frames.. Wen

1he i nhge shatierprdaessedron ihate thén shifteer hbagmepenedr ¥rd2l: stores
frame #n-2, which. is the frame two 25 franmes before frame #n, frame #n-1
whi chB3idg' vt.he Theabcligeround component of the eleventh pixel from
the left of frame #n+l in Fig. 17 corfesponding to the
fourth portion of the shutter time/v from when the shutter
has opened is B35/v. 7
10 .In frame #n+l in Fig. 17, the ninth through eleventh
pixels from the left in Fig. 17 belong to the mixed area,
which is_an uncovered background area.
" The twelfth pixel from the left of frame ¥n+l in Fig.
17 belongs to tﬁe foreground area. The foreground component
15 " in the shutter time/v in the foreground area of frame #n+1
'~ is any one of Fl3/v through F16/v.
| Fig. 18 is a modél of\an image'dbtained by extracting
the foregrbund components ffom the pixel values shown in Fig.
17. | |
f 20 _Referring.back to Fig; 2, the area specifying unit 103
speciﬁigs flégs indicating to-which‘éfra fofegroundjarea,_é.
'background area, a covered background area, or an uncovered
backgrﬁupd area the individual pixels of the input image
belong by usiné the pi%él values of a pluraiitf of ffames}

25 and supplies the flags to the mixture-ratio calculator 104




19 January 2006 franme before frame #n, franme #n, frame #n+l1l, which is the
frane one frane after frame #n, frame #n+2, which is the 19{Jamumey 2006 fr anes
after frame #n. The notion-capturing portion 222-4-obtains a designated 5
bl ock havi ng a predeterm ned nunber of' pixels fromframe #n+2 stored in.
the frame nmenory 221. Based on the designated bl ock,, the

noti on-capturing. portion 222-1 retrieves an inmage portion which natches
in pattern the designated block £rggmthe imge of frame #n stored in the
10 frame menory 221. The notion-capturing portion 222-1 generates a notion
vector based on the position of the designated block in frame #n+2 and the

posi ti I s ortion . in frane #n which natches in pattern, the
desi gn%%%géhiplgoc%(l. %%l%eadﬁo%ﬁ%ﬁﬁ%a%qﬁii ;?(f’r[{lh(‘fnaf?az -2 obtains a

desi gng £l @k- havi ng a predeterm ned nunber of pixels fromfrane #n+l
stored In the'#rane menory 221. Based on the designated-bl ock, the

Mot i on- captpilel BExPAFELPR+232+21 ¢ I,eves an _i ortion which matches in
pattern the 20 -gesignatgd%bfégf%?%gﬁ?fﬁﬁqi%gggggstgFa%%e#ﬁlékgfﬁd in the

frame seamms v 2%l oHet PN AR BOHOM 228 2 deReLaes 2 Mot i on

vect or based on the position of. the esi gnate ock i n franme #n+l and
:the posd tgielofvales By RARIHAN ty) Jff #Rnidd WaliChndahelgs in pattern the

desi gnated 25; block. 19 January 2006 - 72-
infqrmation, and supplies the resulting mixture ratio o to
the foreground/background separator 105.
Thé foreground/background separatof 105 ektracté the
foreground component image consisting of only the foreground.
10 _components based on the pixel values of a plurality of
frames, the-area information, and the mixture ratio-a, and
supplies the foregrbund component image to the motion-blur
-adjusting unit 106.
| The motion-blur adjusting unit 106 adjusts the amount
15 of motion blur contained in'the foreground cbmponent image
' 'based on the foreground'COmponent imdgé supplied from thé_'
‘foreground/background separator 105, the motion vectof-
supplied from the motion detector 102, and the area
information éupplied ffom the area specifyiﬁg unit 103, and
4.20 thenIOutputs the-foreground componeht image in which motiéﬁ
llblur is adjusted. |
| Thé processing fo; adjusting‘the amount of motion'blur
pefformed by the signal pfocessing apéarafus is described
_below~with'reference t6 the floﬁchart-of—Fig. lé. Ih steb

.25 511, the area specifying unit 103 executes area specifying




The notion-capturing portion 222-3 obtains a designated. block having a
predet erm ned nunber of pixels fromfranme #n- 1 stored inothguaty 2005 ' nenory
221. Based on the designated block, the notion--capturing portion 222-3
retrieves an '"image 5 portion which matches in pattern the designated bl ock
from the image of franme #n stored in the frame nmenory 221_ The
moti-on-capturing portion 222-3 generates a notion vector based on the
posi-tion of the designated bl ock +nmeTrane #n-1 and the position of the

i mage portion in frame #n which 10 matches in pattern the designated bl ock
The noti on- capturing portion 222-4 obtains a designated bl ock having a

rede ?Q%q r f onl %8l § stor n_the frane nenory
221 on the §§9gﬁ§té gglg%%%Pnotloﬁlcap E}Pﬁ S?tlon 222-4
retr'Qb&%r%ﬁﬂ1@%9%n3§cﬁ%ﬁh QdW@hﬁ%hF%ECQE% ﬁgghkargrE321geSIgnated bl ock

from the inmage of frane n stored in the

Dt i 0 BalARtrdiindd aR@EL | AN cotdded BHRREL %ﬁd@a@@%‘oﬂ ﬁtﬁﬁcopé§88 on the
positi.on of the designated block in frame #n-2 e position of the

1 Mge baelkgirondn arbhasachnpiwailc b £2Qneat apas Ilﬂaaat bewngge desi gnated
bl ock. In the follow ng description, the notion-capturing portions 222-1

-t b ouPet2d2sd4odr eheehernedpkeifiyiphy padcassili QReCagPtYni PEIGRITI ON 222 if
it is not essential to .identify themindividually. 25 For exanple, as
shownThe aFeg. specifyhng noitondSapuppiligs tRHelgenaryt@@08rea73 portion 222
divides one frame of inmage into portions
: information to the mixture-ratio calculator 104.

In step Si1, the'area_specifying unit 103 may generate[
based on the input image, area information indicating to

- 10  which of the foregreund area, the background area, or the

mixed area (regardless of whether each pixel belongs to a
covered background area or an unécvered background area)
each pixel of the input image belongs. In this case, the

- foreground/background separator 105 and the motion-blur

15: adjusting unit 106 determiné‘based on'the direction of the

"motion‘veétor whether the mixed area is a covered backgrouﬁd
area or an uncoﬁeréd backgrgund area. For example, if thé,
input image is disposed in Ehe order of the foreground érea,
the mixed area, and the‘béckground area in the direction.of

' 20 the motion vector, it is.determined that the mixed area is a

‘covéred background area. If the input 1mage is dlsposed 1n |
the order of the background area, the mlxed area, and the
foreground area in the direction of the motion vector, it is
determined'that the miéed‘area is an uﬁcoﬁefed.ﬁackgfound'.

- 25  area.




consisting of mpixels by n pixels, as indicated by Ain Fig. 22. In each
of the divided portions, a designated block consisting ab Mpir¥edes by N

pi xel s ar.e chosen, as indicated 5 by Bin Fig. 22. _ The notion-capturing
portion 222-retrieves an inmage portion which nmatches in pattern the
designated block in each of the divided portions fromthe correspondi ng
frame of image so as to generate a notion vector. of each designated 10

bl ock. The notion-capturing portieng322 generates a notion vector
corresponding to two franes based on the notion vector generated for each
desi gnat ed bl ock. For exanple, the notion-capturing porti-on 222 cal cul ates

average of fhe . generated moti q’d:\r/ee"?ftsa r.sorrg{é}%ﬂﬁ ges]%i)lgirb%ted bl ocks so as to'

15 use the resulting roti on Vec -corresponding to

t f I ' object.is | th
For cor ora T abGe o der i SR ro PRl PR Sen SRy i ng

porti oph@2Ri £88 - KHLPUWa S 2 ée/eﬁrll?it Zﬂn&%% r&spandl n&ég t he notion of

t he background i mage obj ect. not 1 on-capturing portion.222 may generate

a not | DRFoMREE Dén COIBESPONI 1Y i LB FPLd OfL ©f o t%elt&?fak@{t ind i mage
etween.

object. by performng full-screen block matching 0. .frame of
i megespréfedimg natd iven HELIW! | O Rt NY- A 1d Wb PlA @y 19 January

2006 - 74. extract the background .image object fromthe i nput inage and
may geted atwppl et i tdre wendudre ieny meispand ngitie dhedmiion of .
foregrouﬁd/background separator 105.
In step S13, the foregrdund/background separator 105
extracts the foreground Components ffom the input image
10 based on the area information and the mixture ratio o, and
supplies the foregfound components. to the motion-blur
adjusting'unit 106 as therforegfound cémponent image.
In step 514, the motion—blur'adjusting unit 106
generates, based on the motion vectbr aﬁd the area
15 _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
area, the foreground area, and the covered background aréa,
and adjusts the amount of motion biur contained "in the‘;
-_:20 - foreground components corresponding toAthé unit of
7 ‘processing.r‘DetaiIS‘of the processing for édjusting the
amdunt of motion blur are given below. |
In gtep‘315, the signal‘processing apparatus determines
_whéther the processinéAis finished for the whole scréeng If |

‘}251 it_is determined that the processing is;not finished for the




- the background i nage object based on the extracted image object. 5 The

i mage shift portion 223-1 shifts frame #n+2 stored in the fahadp20@ory 221
in parallel based on the notion vector corresponding to the-background

i mage object supplied. fromthe notion-capturing portion 222-1, and
.supplies the resulting inmage of frame #n+2 to the frame nenory 224 of the
10 area specifying processor 202: The inage shift portion 223-2 shifts
frame #n+l stored in the frame memiFy- 221 in parallel based on the notion
vect or corresponding to the background i mage object supplied fromthe

moti on-capturing portion 222-2, and supplies the 15 resulting i mage of

The | hags ShT e hgr ConPE0s S oRr e Pate #0h 5237 canc) ke {1 ams menor

The image shift portion 223 rame #n- 0 e frane nenory

221 i prpeedlsial Ragedd§isthRgMhboAmUAE! 8] 5RRPRAdLNG Lo Lhe.
- backg?ound inagé objec? gupp?ied Z%m?ygglg eﬁﬁgﬁggngéa%t%P%nghﬁortion

222- 3fozedroupgl beﬁpbh@ntéeéakkéagohﬂﬁﬁg eb_thamEn¥R- bet O the frame nenory
- 224 of the area specifying processor 202. The i nmge sﬁift portion 223-4

shi ft probraseitin- 2sskepedted.in the frame menory-221 in parallel based on
the notion 25 vector correspondi ng.to.the background irmage object supplied
1% Januar yI20D6 is detdrmimddeinm t n-SEP! thd O OO iR 22Pnd, ignd supplies
the resulting i mage of frame #n-2 to the frame nenory 224 of the area
specifynﬁghpdogggsbheZQQole screen, then the process ends.
' In this manner, the signal processing apparatus is
capablé of adjusting the amount of_motioﬁ blur contained in
the foreground by separating the foreground and thé
10 background. That is, the signal processing apparatus is
‘,capable of adjusting the amount of motion blur céntained in
- sampled data indicating the pixel values of the foreground
pixels. | |
-The‘configufation of éach of the_aréa specifying unit
15 ;03, the.mixture—ratio~calculator 104, thé
"foregrbund/background'sepa;atOr 105, an& the motion-blur
- adjusting unit 106 is.deséribed below.
Fig. 20 is a block diagram illustrating the
configuration of the area specifying unit 103. The area
20 specifying unit.lOB shoﬁn in Fig. 20 dOeé not use a motiéﬁ
~ Vector. o v |
A ba@kground motion compensator 201 detects a motion of
a-backgrognd in an input image,.and'causes the ihpuﬁ imagé
~ to move in parallel according to_the_détected-mbtiOn of the

;25 ' background. The background motion-CompéhSator 201 supplies




The frame nenory 221 supplies the inmage of frame #n to 5 the frame nenory
224 of the area specifying processor 202. The inmages supgplJagshry 200che frame
menory 224 of the area specifying processor 202 fromthe i mage shift

- portions 223-1 through 223-4, and the inmage supplied fromthe frame nenory
221 match the background on the screen. 10 The franme nenory 224 of the
area-speci fying processor 202 stores the-inages supplied fromthe imge
shift portions- 223-1 through 223-470r-the i-mage supplied fromthe frame
menory 221 in units of frames. A stationary/noving determning portion
225-1 reads the ' 15 pixel value of the pixel of frame #n+2 |ocated at the

: it] t t pixel of f #n. 1 n.which th t whi ch
Che pi SoF Bronges dHREY Fhdivihe ittt serordthactortite pixel of
f ; t LLi f _the.target pixel of f #
1 om cheeFPangt Doe o~ SBF B85eh. AReR. cbBe TG b B ordrue B i no
di ff t iyxel I . - Sfat | [ ' ‘
et or i o RorTEss SIDPL e S e L Sy DL BRI of e

- di f f eree@ne DL UL AL Rinloy Ae Kird&ame #n+2 -and' -the pixel value of
frame #n+1 25 .is greater than a preset threshold Th. If it is

dewser ni nedBaskd é@nwh%yi%Q@@‘supﬁ@ie@h&&chh%h@'%Eﬁﬂgﬁﬁﬁnkﬁnﬁ%ﬁ%her than the

threshold Th, a stationary/noving determ nation indicating "noving" is
. suppl¢ebdrs oA ddiieHTin ththeROriHO b 2A8dtourld drt tfe dRiRILH Ned t hat
- the absol ute value of the difference between .

.. the area specifying processor 202 generates area information
indicating to which of an uncovered background area, a .
stationary area, a moving area, er a covered background area .

10 each pixel belongs, and outputs the generated area
information.

Fig. 21 is a block diagram illustrating the
configuration of the area specifying unit 103 in more detail.

The background motion: compensator 201 is formed of a |

- 15 ‘frame memory 221, motion-capturing portions 222-1 through
" 222-4, and image shift.pgrtidhs 223-1 throﬁgh 2234,
The area specifying processor 202 is formed of a frame
memory 224, stationary/moving determining portions 225-1 to
_225—4, area determining poﬁtions'226—1‘to 226—3; a
ﬁe20- determining—flag—storing frame memory 227, a.synthesiZer 228,
‘and a'determining~fleg—stering frame memory-229.

The frame memory 221 stores an input image in uﬁits'oﬁr
eframes. ‘Whenrthe image to-ﬁe processed is frame #n, thee:
frame -memory 221iStoree frame #n~2, which:is the frame two

25 frames'befdre'frame #n, frame #n-1, which is the_framefoner




- the pixel value of the pixel of frame #n+2 and the pixel value of the

pi xel of frame #n+l is smaller than or equal to the thrd9iamtriiD00s t he
stationary/ noving determining portion 225-1 supplies a stationary/noving
determ nation indicating "stationary" to the area determ ning portion
226-1 10 A stationary/nmoving determ ning portion 225-2 reads the pixel

val ue of a target pixel of frame #n_in which the area to which the pixe
bel ongs is determ ned, and reads Th@lprxel val ue of the pixel of frame #n+l
- located at the same position. as the target pixel of frame #n fromthe
frame 15 nenory 224, and. cal cul ates the absolute value of. the difference

bet wediraee beifoale VEatares . #nlhef rsdnad | DA 4y | fg- fety Idmi g PpeLtion 225-2
determ nes whet her the absolute value of the difference between the pixel

val ue fofarfer ame fHanle afittdhef mnee | #val fiead FH€E Wi dis O egter than a 20
“preset_threshold Th. If it is determ ned that the _absolute value,of the
di f f edd@de Fetondammese gfites! fummeestris greater than the threshold Th, a
stati onary/ noving determ nation indicating "noving is supplied to the

area. det eFRenia§iopocapsuring- poadoan 22264, . ddttarims i Mg signatticon 226- 2.

[f_ it 25. ig deternm ned-that the absol ute valqe'of the difference 19
JaruaPyoskoBavirg a predptermimedinmibaralafe wixalw fiow! fgmd rame #n+1 and

the %i§2I aIUﬁ of %g? pi xel of frame #n is smaller than or equal to the
thresHBi 4 FHOTERe 18t &iforkdPIrmBEey Yd&2dr-ni Baspd oy thiten 225-2 supplies a

sLat QERATRLNG el er TISL0n 3 L0 S8l 10, Stal Lonary, Lo the ares
retrieves an image portion which ﬁatches in pattern the
designated block from the image of frame #n stored in the
10 frameimemory 221. The motion-capturing pértion 222-1
generates a motion vector based on the position of the
designated.block in frame #n+2 and the position of the image
- portion in frame #n which matches in pattern the designated
. block. |
15 -‘The motion—capturipg portion 222-2 obtains a designated
‘-blockwhaving a predetermined number of pixels from frame
#q+1 stored in the frame'memofy 221. Béséd on the
designated bl0ck, the motion-capturing portion 222-2
retrieve§ an image porfiqn which matches in pattefn'the
'20: designated block from the image of frame #n stored in the
__frame memory 221. The motion-capturing pérEion 222-2 |
.générates a motion'vecto£ based on the position of. the
- designated block in frame #n+1 and=ﬁhe positidﬁ of the-image
_portion iﬁ‘frame #n which métchés'in_pattépn the designéted

f_ZS:‘block,




1 and the area determning portion 226-2. - A stationary/noving determ ning
portion 225-3 reads the pixel value of a target pixel ofjgfy #yg N whi ch
the area to which the pixel belongs is determ ned, and reads t'he 10 pi xel
val ue of the pixel of frame #n-1 located at the same position as the
target pixel of frame .#n fromthe frame -nenory 224, and calcul ates the
absol ute value of the difference between the pixel values. The

stationary/ noving determ ning portjson 225-3 det erm nes whet her the
absolute 15 value of the difference between the pixel value of franme #n
and the pixel value of frame #n-1 is greater than a preset threshol d-Th.

If it is determned that, the absolute v e of the difference between the
‘pi xel valu beiQoﬁﬁgﬁfﬁ?pFﬂﬁﬁngtﬂ%rEﬁ?%sfié%P1?Pt%ﬁ%§aTiQEE&QP%%ﬁﬁng :

det ergi,nat,i qn 20 indicatjng "novi.ng" |s _supplied.to.the area determning
por t 1 OH BIp AR AnPLrds REREPRINFHELES, PR ORI 32853 T PR Tranes Bt ar m ned

t hat th t%ﬁﬁ. e .yal f if enc t ween, 1 he pixel . val ue of the
pier]b%; ragtqghté%d%?ﬁge %?gggbvgﬁgé oEaFgg %ﬁngeoﬁe %gﬁ%t§§-1 is - :

Serey Hiddan e eS8l ukhRg BREPIOhC2]S. 51 DEr 2t BLEANARY 1 HBYEN

determning 19 Janu portion 3 supplies a

st 8t | QRAFNIDWHAIGhdREeERLRAL hOBatkBEhCRLLE NdesSERAEQHAL Yokt frifie area
determ ni-ng portion 226- 2 and the area deternining portion 226-3. A

stati ama WhiEe oF dehREMiAi BopeA! iANtRESF AakEafiembP¢ 221D xgheval ue of the
pi xel of frame #n-1 |ocated at the sane
' motion-capturing portion 222-3 generates a motion vector
based on the position of the designated block in fraﬁe #n—-1
and the position of the image portion in frame #n which
10 matches in pattern the designated block.
The motion-capturing portion 222-4 obtains a degignated
block having a predetermined number of pixels from frame #n-
2 stored in the frame memory 221. Based on the designated
- block, the motion—capﬁuring portion 222-4 retrieves an image
15 portion which matches in pattern the designated block from
" the image of frame #n stored in the frame memory 221. The
motion-capturing pprtion'222—4 generates a motion vector
based on the'position of the designated block in frame #n-2
and the position of the'image portion in-frame.#n.which_ ' | .
j20 natches in pattern the designated block. ' |
| In-thefollowing deSCription, the motioﬁmcépturing'
7portioné_222—1 through.222+4 are referréd to simply as a
'mOtioﬁ—capturing portiqn 2227if-it is not essential to
.’idéntify them individually.

.25 ‘For example, as shown in Fig. 22, the motion-capturing




position as a target pixel of frame #n in which the area to which the

pi xel belongs isdetermned, and reads the pixel value ofjotjhgapy 2®6 Of
frame ##n-2 | ocated at the sanme position as the target pixel of frame ##n
fromthe frame .10 nenory 224, and cal cul ates the absol ute val ue of the

di fference between the pixel values. The stationary/noving determning
portion 225-4 determ nes whet her the absolute value of the difference

bet ween the pi xel value of frame-#w3l-and the pixel value of frame #n-2 is
greater than a preset 15" threshold Th.. If it is determ ned that the
absol ute value of the difference between the pixel values is greater than
the t Qfal s , i r i rmnpation . iLndicating "noving"-is
suppl?ggﬁgght%%ba?ggfﬁg%é?ﬁ?n%%gﬁ%oggigﬁggﬁglg.ol?OFFl?Esdeternined t hat.

t he absakukeiMal, 0 endi t.f ef: b . i xel val ue,.of the
oixel —of T eomdunt| AJpfkell B?x?aﬁ %\}g{:égg’o%%\tl\ﬁgﬁﬁ%%&e@o % Partd A i s

smal | ge.then esckasfl chd &heidbaeshpt dodb, -é@esféﬁék@&%%ggv' ng
determ ning portion 225-4 supplies a 'stati.onary/ noving determ nation

i ndi cabhagst shatdONaryixd Ds By thep pkEBs USLET P, p&é%ﬂ&i@é@é@- 19
January 2006 - 79 When the stationary/ noving determ nation supplied from

t e sbytBobmrgigmvihg determ ning. portion 225-1 indicates "stationary" and
when the stationary/ noving determ nation supplied fromthe :

st at i onar yJhvpwiotg ogetcapiiumiing ponttiiom 223- reZrikdiceataes inEyd Ng", the area
- determining portion 226-1 deternines that the target pixel of frame #n
bel.or@R@rEewhich matches in pattern the designated block in

each of the'divided portions from the corresponding frame of
inage so as to generate a motion vector of each designated |
10 block. The motion-capturing portion 222 generates a'motion
vector corresponding to two frames based on the motion
. vector generated for each designated block. For example,
the motion—captu;ing portion 222 calculates average of the
generated motion vectors of the designated blocks so as to
'15 use the_fesglting motion wvector as a motion vector
VCorresponding to two frames.
Generally, a background image object is larger than a
-foreground image object in an input_iﬁage, and the motion- °
‘r'capturing portion 222 can output a motion wector
'20  correspohdihg-tb'the motion of the background.image object.
_Thé motiog—capturing portion 222 may genérafe a motion
vector corresponding to the motion of_the‘backgrouﬁd image
.object_by perférming fuli—scréén block matchiﬁg betweenfﬁwo
frame of images. “ | -

- 25 ‘.__Alternatively,'the-motioﬁfcapturipgiéortion 222 may

el g it




- uncovered background area, and sets "1", which indicates that the target

pi xel belongs to an uncovered background area, in an 19 January 2006

" uncover ed- background-area determ ning flag 10 associ at ed mﬁthw¥%e t ar get
pi.xel.. When the stationary/noving determ nation supplied from the
stationary/ noving determ ning.portion 225-1 indicates "noving" or when the
stationary/ noving determ nation supplied fromthe stationary/noving
determ ning portion 22.5y 15 2 indigates "stationary", the area specifying
unit 226-1 determ nes that the' target.pixel of franme #n does not belong to
an uncovered background area, and sets "0", which indicates that the

i d k nd . o h
Uncover Ea BaEkos IR srEaD) 4l aiiT Fa dheodrait Haos eel ¢ ar get
pI xel -maJ?tg%%—EP@tgeé %c%ﬂhpgv@&cgﬂ' p@or%%%é:énlscﬁ.p l :t%ﬁ t,tt-.hf?m&j:ion. Q.f is set as

uncover ed ground- area det erm ni ng

di scus 15w, I NG- f : Ol T nenory 227. 25 Wen
‘the sti??onarj?ﬂ%&?ﬁdgﬁ% e?ﬁ?hggigﬁﬂgﬁ%p |é%ﬂgfg%5%g%f§§&gﬁé92006 80- _the
stati ofify¢epVvi ng deterim ning portion 225-2 indicates "stationary" and
when the stationary/ moving determ nation supplied fromthe

St &t i onar y/Thay iifg gde Bt pae tpeht ROB-225hi Br5NELSAL efn St ELPHRTY", the
area determ ning portion 226-2 determ nes that the target pixel of frane
- #n belimgshd ofntdwe: msmatvyORP1Y il @Rradn@lsehsed on WHEChRokREhcates that th
"pixel belongs to the stationary area, in a stationary-area -
vector corresponding to the background image object supplied.

from the motion-capturing portion 222-1, and supplies the
resulting image of frame #n+2 to the frame memory 224 of the

- 10 area specifying processor 202.

The image shift portién 223~2 shifts frame #n+l stored
in the frame memory 221 ih parallel based on the motion

vector gorrespopding to the background image object supplied

from the motion-bapturing portion 222-2, and supplies the
.15 resulting imade of frame #n+l to the frame memory 224 of the
area specifying processor 202.
The image shift portion 223-3 shifts frame #n-1 stored
in the frame mgméry 221 in parallel based on the motion
' _vectdr corresﬁonding to the backgxbund imaée object supplied
:“20 ffom:thermotion—Capturing portion 222-3, and ;uppiiés the
.‘ ,resulting image of frame_#n—l to the frame mémory 224 df #he
areé specifying processor 202. .
The image shift bortion 223—4~sﬁifts frame #n-2 stored
 7 .in'the frame'memorygzzl in pa:allél based‘oh the motién'

- 25 vector corfesponding to the'backgrOund_image-object supplied



determning flag associated with the target pixel. Wen the _
stationary/noving determ nation supplied from 10 the st atiogagidyy 2808 ng
determ ning portion 225-2.indicates "noving" or when the stationary/ noving
determ nation supplied fromthe stationary/ noving determ ning portion 225-
3 indicates "noving"., the area determ ning portion 226-2 determ nes that
the target pixel of franme #n does not belong 15; to the stationary. area,
and sets "0",,-which indicates that75the pixel does not belong to the
stationary area, in the stationary-area determ ning flag associated with
the target pixel. The area determ ning portion 226-2 supplies the 20

statiq&g&¥1§{e <ﬂ§&§¥4§%§t igbagoggigg;?2%%52nghgzgagéiiggigﬁgfhgiScusSed_

=]
above to the determ ning-flrag-storin

stati / i t er-m Lo .S i fr "~ the statignary/ opvin
deter %!%dr?gtrigl\c{)jr{llgﬂc? 2 5f frlll%%\lgl ?fgt gggozgﬂﬁnof\%gﬁla"fnegﬁﬁym%g ?ﬁegﬁe )

deter@ﬁygigﬁéég%y%%@u§&$cggggr-zgéz .supplied fromthe stationary/ novi ng
determ ni ng”portion "225-- 3 indicates "noving", the area determ ning

portion 22§n2 reaher AbREsyt HaL %ﬁ'ﬁpiﬁégeﬁh@iﬁﬁég@fofr%ngr%r)b@éongs to the

movi ng area, and sets "1", which indicates that”the target pt xel bel ongs
t 05 t heheD\Hraged o ryN 224NBYi BHcaheaa @pbeiFyDhgIpibadsassogspated with the

target pixel. Wien the stationary/moving deternination 'supplied from the

st ati onar yThevinggdst supphiead portheont Pathe Judist€ A2 of the area
specifying processor 202 from the image shift portions 223-1
through 223-4, and the image supplied from the frame memnory
221 match the background on the screen.

10 The frame memory 224 of the area.spécifying processor
202 stores the -images supplied from the image shift portions
223-1 thrqugh 223-4 or the image supplied from the frame
memory 221 in units of frames.

A stationary/moving determining portion 225-1 reads the

15 pixel value of the pixel of frame #n+2 located at the samé

"position as a target 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 of the target pixel of frame #n from the frame

.éO memory 224, and calculates the absclute value of the
,difference_between'the reéd_piXei values. Tﬁe
.stationary/movingIdetermining portion-225~1-determiﬁes‘
‘whether the absolute value of the difference between the
,pixel valué of_frame #ﬁ+2-andﬁthe pixel value of frame-#n%l

.} 25'_15 greatér‘than a presetlthresh01d'Th,_fIfiit is determined:




"stationary" or when the stationary/noving determ nation 10 supplied from
the stationary/ noving determning portion 225- 3 indi cat g9 Jamiaay 2@0%ar y"

the area determ ning portion 226-2 determ nes that the target pixel 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 noving-area 15
determ ning flag associated with the target pixel. The area .determ ning
portion 226-2 supplies the noving=-g7area-determning flag in which "1" -or
"0" is set as discussed above to the determ ning-flag--storing frane
menory 227. .20 Wien the stationary/noving determ nation.supplied from

e S e L L 5 B T 0,
deter Moo, 0001/ 20 2o A eqL s s stallnan (e anea detormning
* o SR ey PR CUTSG ARSI B o3 0 SEE L veieh
2 coveapsier e 58R adeei DB 30 ds gL pd b L o 0o

Stat | ey it Ra14e! 8MeRlang sRAN! I3 e22aie3 ! GALCEne Bigkjonary or. when
the Stationary/noving determination supplie romthe stationary/ moving
det er Nialliueg oI thie0 233 of irRdEAYAS 1" TRVAGY 1eENenahear- dgl Ly pLng por tion

226‘3the threshold Th, the stationary/mdviﬁq determining portion
225-1 supplies a stationary/moving determination indicating
"stationary" to the area determining portion 226-1.
i0 ' A stationary/moving determining portion 225-2 reads the
pixel value of a target pixel of frame #n in which the area.
to which the pixel belongs is determined, and reads the
pixel vaiue of the pixel of frame #n+l located at the same
- position. as the target pixel of frame #n from the frame
| 15 memory 224,_and.calculates theiabsolute value of. the
 "gifferencé between the pixel valﬁés._ The stationary/moving
determining portion 225—2'd§termines whether the absolute
Value of the difference-betwéen the pixel value of frame‘
- #n+l and the pixel value of frame #n is greater than a-.
- 20 preset threshold Th. If it is determined that the absoluﬁe
value~df,the-difference bétweén the pixel Véiﬁes is greater
,thaﬁ the threshold Th, a stationary/moving determination
%ndicatiqg “moving“ is suppliedito the area determining
_portion 22671_ahd an.afea determiﬁing_portiOn-zéGQZL- If it

'f25.'_is determined that the absolute value of the difference




10 determ nes that the target pixel of frane ##n does not belong to a
covered background area, and sets "0", which indicates tibahniape2008 get

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

cover ed- background-area determning flag associated with the target pixel.
15 The -area determ ning portion 226-3 supplies. the -
cover ed- background-area determning flag in which "1" or 11011 is set as
di scussed above to the determ ning-flag-storing frane nmenory 227. The
determ ning-flag-storing frame nmenory 227 thus 20 stores the
uncover ed- background-area determning flag supplied fromthe area

det er PefhR@nPehkl ?;éi-x%%%ﬂaaufehsfj %%52?955’9? gp dsterm ngg(ge%ag suppl i ed

fromthe area determ ning portion e noving-area ?nining flag

suppl peskelir oamLRe o8 @Redpli gL BieNg rRAL! kAN 2265 d -
--coverg%-?background-arga%} deterniﬁiné ?ﬁaégsg%%f%gg ?#%ﬁ1%€e 19 January

2006 equdl3to takeahgesabIdNTAY ea&tgeatzaﬁaéy{&BEin determining
determ ning-flag-storing, frame nmenory 227 supplies t%e

‘uncovebetiibackgsendupptdedehesihbiogatlAflovi RE dStakh PRAF Yol €a
determning flag, the noving-area 5 determning flag, and the

- cover éudbeekgngufidtatéanadet etai hhagatbagdeteretnih@rebncien apsgnt hesi zer
228. The .synthesizer 228 generates area information indicating to which
of thé andotbeedrpacdgtouminangapotheostaeéoenary area, -the noving area, or
the covered background area each pixel 10 'belongs based on the

uncover ed-baEi@f R BV iy alafierimigring portion 225-3 reads the

pixel value of a target pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
10 pixel value of the pixel of frame #n-1 located at the same
position as the target pixel of frame #n from thé frame
- memory 224, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
.determining porfion 225-3 determines whether the absolute
15 value of the difference between the pixel value of frame #n
"and the pixel value of frame #n-1 is greater than a preset
threshold Th. If it is detérmined that the absolute value
of the-difference between the pixel values is greater than -
the‘threshéid Th, a stationary/meving determination
:20 -indicating "moﬁing"_is suppiied to the érea détermining
- portion 226-2 and an area determining portion 226-3. If it
is determinéd.that the absolute value of the difference
between the pixel value of the pixel of frame #n and the
pixel value erthe pixél of fraﬁe.#n—l is smallér than or

-25 requal_to thé threshold Th, the-stationafY/vaing determining




- flag, the stationary--area determning flag, the noving-area determ ning
ffag,, and the covered-background--area determ ning flagogampiyegod rom the
determ ning-flag-storing franme nenory 227, and supplies the area
information to a 15 determ ning-flag-storing frame nmenory 229. The

determ ning-flag-storing frane. menory 229 stores the area information
supplied fromthe synthesizer 228, and al so outputs the area information
stored therein. An exanple of the_prgcessing performed by the area .20
speci fying unit 103 is described below with reference to Figs. 23. through
27.. \Wen the object corresponding to the foreground is noving, the

osi ti t j orresponding. to the object on-the-screen changes in
N i S gt ey AL

i . dat | « - e.position o 3 [
e | naba e e SRSt ) 2o i Rr BRI s 2@ -at
YN+1( X2, ¥dd ¢ FLADR dg%g%¢%#i§§i?%f%§gb§§%#_ t to frame #n. A node

obt ai ned by expanding 1n i Fecti the 5 pixel values of the

pixels ali 2 138 A Id isng di rection.of the inage
'gorrespond?ﬁ?ﬁﬁ?%ﬁigﬁgé%ﬂgf%ﬂn ox?g¥?9%%-§ﬁb%ﬁni Zglé.rﬁﬁﬁnggeexanple,

{5t o0 il ISE 16100 9Fxd N Tl Ol SS AN, LG e Lgeeor ound

obj ect is horizontal with respect to the screen, T _ ghpmm in Fig.
24 s posidein oY al nedkdyt DAY ridhd M HiRrdidhe ¢ha01 e ¢pi xel val ues

~ of the pixels )

o which the pixel belongslis determined, and reads the pixel
“value. of fhe.pixel of frame #n-2 located at the same
position as the target pixel of frame #n from the Fframe

‘10 memory 224, and calculates the absolute value of the
| . difference between the pixel values. The stationary/moving
determining portion 225-4 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 & preset
._ 15 threshold Th.  If it is determined that the“absolute value
o of the difference between the pixel values is gréater than
the threshold Th, a stationary/moving determination
ihdicating "moving" is suﬁplied to the area determining ;
'-portion 226-3. If it is determined that the absélute Value
ZOA'Qf the differehde‘between the pixel value of:the-pixel-of
.frame-#nfi and the pixel value of the pixel of frame #n-2 is
smaller than or equal-to.the threshold Th, the
'gtationapy/moving determining portion 225-4 supplies a'_
ﬁstafionary/mbving'deﬁermination iﬁdicating'"stationafY"jto

-25- the area détermining portion 226-3.




di sposed on a line side-by-side. In Fig. 24, the line in frame #n is equal
tothe line -in frame #n+l. 15 The foreground conponents 19JanesPAOEE ng to
the object -contained in the second pixel to the thirteenth pixel-from
the left in frame #n are contained in the sixth pixel through the
seventeenth pixel fromthe left in frame #n+l. In frame #n, the pixels

bel onging to 'the covered 20 "background area are the el eventh through.
thirteenth pixels fromthe |eft,- aed-the pixels belonging to-the uncovered
background area are the second, through fourth pixels fromthe left. In
frame #n+l, the pixels belonging to the covered background. area are the

fift th ' the left he. pi . xel s
bel ongi ng T Sauary Soa o By et kB e et St bt 8w o e

Si Xt hehbr abahi ofbobyHoPiXE! Sebbomihifql BhLcil 558 XMl shown in Fig.

24, since the foregroun nponents ¢ al ne _ are” noved' by four
pixel SstAtidnbEdNPaiid hhehEnATBHAL i 0ha PPV REFIhgVabEenidlies yiTDEr -Of

virtual divided portions is 4 in accordance wt e anount ~of novenent v.

A dessupplliied FEoRovhei Y8t 0bnargabgenyNdBL&ehiNBhYeSorOiod N xel s
belonging to the m xed.area in the frames 10 before and after a designated

friame2 indEcgte25T"mohengi xete beteagiage tRi Al kQVSs £EioRagkgrpund area in
- frame On in which the background.is
_ determines that the target pixel of frame #n belongs to an
uncovered background area, and sets "1", which indicates
" that thé target pixkel belongs to an uncovered backgréund
a;ea; in an uncovered~background-area‘determining flég
10 - associated with the target pixel.
When the stationary/moving determination supplied from
- .the stationary/moving determining_portion 225-1 indicates
-"moving" or when the stationary/moving determination
supplied from'thé—stationary/moﬁing determining portion 225-
 ;5 2 indicates "stationary", tﬁe area specifying unit 226-1
' ‘determines that the target pixel of frame #n does not belong
to an uncovered backgrdund gfeé, and sets "0", which
~indicates that the tapget pixel does not belong to an
uncovered baquround area, in the unceovered-background-area
20_.de§ermining flég associated with the target pixel.
The area determining poxtion 226-1 supplies the
uncovered-background-area detérmining fiag in which "1"-orl., 
S"e" is seﬁ as discussed above to a determining-flag-storing
- frame memory 227. .l |

 2$ '~ When Ehe stationary/moving determiﬁation supplied from




- stationary and the anmount of novenent v in the foreground is 4 are the
fifteenth through seventeenth pixels fromthe left. 15 Si 19CRniidre 2009 unt  of
novement.v is 4, the fifteenth through seventeenth franes fromthe left in
the previous frame #n-1 contain only background conponents and belong to
the background area. The fifteenth through seventeenth pixels fromthe
left in frame #n-2, which is one before frame #n-1, 20 contain only
background conponents and bel ong togghe background area. Since the-object
corresponding to the background is stationary, the pixel value of the
fifteenth. pixel fromthe Ileft in frame #n-1 does not change fromthe

i xel ,value of. 25 the fifteepth pixel fromthe left in frane #n-2.
patﬁ}eafé‘

Siml rﬂt]ﬁbﬂtﬂ WAL RGN 2074 Haddicatt@snt h- pi xel
fron1tk%## f in ,,fra %Fgoes cha e fron1the plxel val ue of the
si xt een p&ne ¥ 6ih glef%f g O (GrE a2 tien ye of the

el a6 el AR Bl fqvaﬂf”rfgor#‘eﬁ%%?ﬁfq P a7 That i s
the p|3<qr§h&f}f1 AR -3 ﬁ)rp%g[.f r 4R r]:EQa &Y mondl n 5;:1‘2} S?«iggl xel s

bel onging to the covere kgroun area 1M Trame % f onIy

bag k g iRt mliGh =0 HRRRE % r?dl%et@%leeéie'o(ﬁfaé#‘g%ntcﬁgﬁg g,% Rat cghange-

Accordingly, t he absol ute value of the the pi xel val ues

s al msitdnabiusreahe aslRldetAryOVINGH deleaiaat kpRmReg for the pixels
‘;|n frame #n--1 and frane _

pixel belongs to the statidnary area, in a stationary-area
detérmininq flag associated with the target pixel.
When the stationary/moving &etermination supplied from
10 the stationary/moving determining portion 225-2 indicates
"moving” or when the statiqnary/moving determination
supplied from thevstationary/moving determining portion 225-
73 indicates "moving", the area détermining portion 226-2
- determines that the target?pixel of frame #n-does not belong

15; to the stationary area, and sets "0, which indicates that

" the pixel does not belong to the stationary area, in the
' stationary-area determining‘flag associated with the target
pixel.
The area determining portion 226~2 supplies the
'29‘ .statlonary area determlnlng flag in which "1" or "0" is set. |
.. as dlscussed above to the . determining~flag-storing frame
“memory 227,
o When the stationary/moVing determination supplied from .

wfthe statiohary/moﬁipg-determining portidn,22542.indicates

25 r“moving"-and;when'the-stationarY/mQVing'determinatidn



#n-2 corresponding to the pixels belonging to the nmxed area 15 in frane

#n by the stationary/noving determ ning portion 225-4 isq4 i y".
Since the pixels belonging to the :covered background ar %%fénﬁ%@@é #n

contain foreground conponents, the pixel values thereof are different from
t hose of frame #n-1 20 consisting of only-'background conponents. :
Accordingly, the stationary/nmoving determni nation nade for the pixels

bel onging to the mixed area in fran®l#n and the corresponding pixels in
frame #n-1 by the stationary/noving 'determ ning portion 225-3 is "noving
25 Wien. the stationary/nmoving determnation result 19 January 2006 - -87 -

i ndi cahigil {dmViRE ke sitnld H | ,gnay | i ni ng
portion 225-3, and when the s(frg&';]{%ﬁgyl/t}?r%ﬁ%é det e%“rﬁ%%%%r?rgzﬁt ‘
i ndi cag i gl tadd onving's, tPldach fdiB dkih Slptdanarod g det erni ni ng
portion 225--4, as 5 discussed above, the area determ ning portion 226-3
det-er detesrniivads thestc atee SpORgh thgh idtade | sF betang #i0 e Ky ad tirckgr ound

area. In Fig. 26, in frame #n in which the background is stationary and
t he . ammunitngpfammenent. setian "ty fdriegr durdl dstesl Gkt thee piaxejex cont ai ned
in an uncovered background area are the second through fourth pixels from
t he | éfixelSihedendse taarthmmofinm\ement in is mhvitdye-ssaeond t hrough fourth
pixels fromthe left in the subsequent frame #n+l contain only background
- conpoEherEnd nge |1 fdeg g saed Afwsk gidind ber dardet pixel. '
When the stationarY/moying determination supplied from
the stationary/moving determining portion 225-2 indicates
“stationary" or when the stationary/moving determination‘
10 supplied.from the stationagy/moving determining portion 225-
3 indicates "stationary", the area determining pOrtion 226-2
' ,determines_fhat the target pixel of frame #n does not belong
to the moviﬁg area, and sets "0", which indicates that the
. pixel does not bglong to tpe moving area, iﬁ the moving—érea
.15 determining flag associated with the target-pixel.
The area detefmining portion‘226;2‘supplies the moviﬁg—
area determining flag in which “1" or "O0" is set as
discussed ébove to the detérmining—flag~st0riﬁg frame memory
227. |
20 . When the stationary/moving determination suﬁpliéd from
therstationé;y/moving determining portion 225-3 indicates
7‘"moﬁing" and when the stationary/moving determination
"jsuppliedrfrOm the statioﬁary/moving determining portion 225-
4 ;ndicafes Wstationafy"; the area determining'pcrtibn 226—3

25 .determines that the target pixel of frame #n belongs to a




15 '"franme #n2, which is subsequent to frame #n+l, the second through fourth
pixels fromthe left contain only background conponents aqEJgglong¥§o t he
background area. Since the object corresponding-to the bac groﬁﬁ%
stationary, the pixel value of the second pixel fromthe 20 left in frane
#n+2 does not change fromthe pixel value of the second pixel fromthe left

in frame #n+l. Simlarly, .the pixel value of the third pixel fromthe
left in franme " #n+2 does not changegfrenithe pixel value of the third
pixel. .'fromthe left in franme #n+1l, and the pixel value of the 25 fourth

pixel fromthe left in frame ##n+2 does not change 19 January 2006 88 ._
from the Nixel f fourt i.xel,fromthe left. in fra #n+1. That
i's, ttﬁ% peiqlxe é)a:éﬁé#%g?rlg gr%% ’ar?élc{]rsger}:és 2 thl(?slr e0985a5R5 hethe pixel s

bel ongi ver agkagr, in_fr #n consi st._ of only
backg?ﬂyﬁuﬁdttacfgc?}ntg ngﬁis?’eg(réfgg{ghg&gi ek Q:\?gilreﬁ%éit a&r“?c%?’“ g R&C3¢hdRge.

ACCOT & RGbr ddibadigRbLh-4aled® e drlif il GHERCERELMGRAG LGPl Xe! val ues

is alnobst 0. Thus, the stationary/noving Tdete nation made for the pixels
Cin frame #arhedngikcane 10 #n+2 corresponding to the pixels. belonging to
the mxed area 1 n franme #n by the stationary/ noving determ ning portion
225-1 is "#hahi ohar ytat BongeyyhevRhyelstbeh®ngt Dent SubppeiLaceysned

background area in frame #n contain foreground conponents, the pixel 15

vaIue$hBhetemﬁoaaeydmbﬁengndeteamuhhﬁgep@&tﬁbﬁnezﬁnﬁlindicates ,
"stationarf" or'whén the stationary/moving determination
supplied from the stationar?/moving determnining portion 225-
4 indicatés "moving“, the areé determining portion 226-3

.10 determines that the target pixel of frame #n‘does not belong
to a covered background area, and sets "0", which indicates
that the target pixel does not belong to a covered
.backgroupd area, 'in the covered~background—area determining
flag associated with the tgfget pixel.

15 The area determining portion 226-3 supplies. the
'cbvered—background—area'determining flag in which *1" or "o0"
is set as discussed above to the detefmining~flag—storing
frame memory'227; | |
| The deﬁermining—flag—storing frame memorf 227 thus

20 stores the uncovered—background—area determining.flag

. 'supplied from the area determining portion.226f1, the
'stétionaryﬂarea determining flag supplied from the_areé
determining portion 226-2, the moving-area determining flag
_Supplied from'tﬁe'area déterminiqﬁ.portion 226—2, énd the

25 CQVeredfbaékground—area.determining flag supplied from the -




consi sting of only background conponents. Accordingly, the

stationary/ noving determ nation nade. for the pixels belonging to the

m xed area in frame #n and the corresponding pixels in fraltlaniay20by t he

stationary/ noving 20 determ ning portion 225-2 is "novi ng Wien the

stationary/noving determnation result indicating "noving" is supplied

fromthe stationary/noving determning portion 225-2, and when the

stationary/noving determnation +e88l+ indicating "stationary" is supplied

25 from..the stationary/ noving determning- portion 225-1, as 19 January
2006 -- 89 - discussed above, the area determ ning portion. 226-1

deterg&gg§C%gi%wﬁpﬁigggégﬁgg&gbgg% j xel s belong to an uncovered background

~area. Fig. ust eterm nation conditions for frame 5 #n nade by

the area spggl B&egmgﬂ'%%glt@%ag\-’\é%er&gggggﬁﬁlsrg&ﬁé {oBahestphbifer the pixe

in frane #n-2 locate e sane. | posi tron pi %t rame #n to

be pE@@ﬁ%%%%v%&@dﬁ%%dﬂaid@dﬂﬂaﬂéé1&&%@%&ﬂgihgl%g§§€dtﬁg the sane-position
and 1 e

as the pixel in frame #i is stationary, t he det erm nati on

resul stheiocnagyPiaxelh detkiai® ity dGq,! RPNl nhlakkame #n-1 | ocated at
the sane image position as the pixel” in frame #n is noving, the area

speci Hgitegmining Fadggeharniches cokalrddheapiyebuhB-hi-age #n bel ongs to a
covered background area. 15 Wien.the determ nation result for the pixel.in
framedeteandnting filagl stortdabheteih ltocat egn@hebheeganesi MagRe
| - synthesizer 228 generates area information indicating to
which of the uncovered background area, Ehe stationary area,
the moving area, or the covered background area each pixel
10 "belongs based on the uncovered-background~area determining
flgg, the stationary-area determining flag, the moving-area
determining flag, and the covered—background—area‘
determining flag sﬁpplied from the determining-flag-storing
. frame memory 227, and supplies the area information to a
15 determining—flag—storing ffame memory 229.
' The determining-flag-storing frame memory 229 sto:es
.the area information supoliod from the synthesizer 228, aod
also outputs.fhe‘area information stored therein.
An example of therprocéssing performed by the area
20 'speoifying unit'iQB is described below with reference fo |
-lfigs. 23 through 27.. |
"‘Whon the objeot_corresponding to the_foreground'is
-moving, the position of the'image corresponding‘to the".
:;objeot on-theiocreén oﬁanges in'eVefy frame.- Ao showh-io.

oZS: ‘Fiq.723,:tﬁe image CerespondingVtoothofobject located at




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

determ nation' result for the pixel. in frame #n and- the |n frane
#n+1l |l ocated at the sane image position as 20-the pixel n“ﬁk&

‘stationary, the area specifying unit 103 determ nes that t he pi xel |n
frame #n belongs to the stationary area. . \Wen the determnation result
for the pixel in frame #ri and the pixel in frane.#n-1 | ocated at the sane
i mage 25 position as the pixel inf8ame #n is novi ng, and when the 19
January 2006 90 determination result for the pixel in frame #n and the
pixel in frame #n+1 located at the sane.inage position as the pixel in

Frame i oo TRdioh o £ he edi8PSGicyiin0 il 03 del srines Lhal the pixel

in franme bel ongs to the noving- 5 area. &det's N result
for the Eixel)i i et o, an e fr ogat t the sane
i mage pos:s?: Cin as the plmxel ?nb?‘réé%)églr?dl s%trmYSl:Iﬁ@ ﬁ’g)v\%gn%?ﬁ%e

det er dindt,i ehicdsulst shdsekfenpi xel firamkr age #n+1 Tocat ed at 10 the sane
~inmage position as the pixel in frane #n and the pixel in frame ##n+2
locat ed atAthedsanebtahgedpbgi ékpandsngt b phxetihd HiaEBr#8nisnstationary,
the area specifying unit 10.3 determnes that the pixel in frame #n

beb ongd *ed aAalursovdr thebpikglouadigned. siBeFbgssid8Aihhtaugh 28D
illustrate exanples of the area determination results obtained by the area

. speci PPVAgJuRiitectdgn pi Fhg_image t:herplspehdlmgl tb. ahe deternined to

b6|on%oreground object is shown in Fig. 24. For example, if the
moving direction of the image corresponding to the
’ foreground object is horizontal with respect to the screen,
.10 the model shown in Fig. 24 is a model obtained by expanding
in the time direction the piﬁel'values of the pixels
‘disposed on a line side-by-side.
In Fig. 24, the line in frame #n is equal to the line
~in frame {#n+1. |
15 _ The foreground components corresponding to the object
' contained in the second plxel to the thirteenth’ plxel from .
the left in frame #n are contalned in the sixth pixel |
through the seventeenth pixel from the left in frame #n+l.,
In frame #n, the plxels belonging to the covered 7
20 ‘background area are the eleventh through thirteenth pixelar
from the left and the plxels belonglng to the uncovered
,backgroundkarea are the second through fourth plxels from
"fthe lJeft. 1In frame #n+1, the pixels belonglng to the
‘:covered background area are the flfteenth through

__QSZ'Seventeenth plxels from the left, and the plxels belonglng :




to a covered background area are indicated in white. In Fig. 28B, the
pi xel s which are determ ned to belong to-an 20 uncovered background area

are indicated in white” In Fig. 28C, the pixels which areuﬂﬁ@ﬁﬁgmomg to
belong to a noving area are indicated in white. In Fig. 28D, - pi xel s
which are determned to belong to a stationary area are indicated in-.
white_ 25 Fig. 2°9 illustrates the area information - indicating the 19
January 2006 - 91 m xed area, in th&85fermof an image, selected from the
.area ‘information output fromthe determ ning-flag-storing frame nenory
229. In Fig. 29, the pixels which are determned to belong to the covered

backgralnth it e tAIE BUOMRS A % RACKI OUh ALRAR Tefiaudiie Pixel s whi ch

are determined to belong to the mxed area, are | ndi In white. The

area dijfHuHTE 040 & Nkt tdye- M xed area output fromthe
determning-flag-storing frame nmenory 229 designates the m xed area and

the portioms ke rEatplexistoensin surded Ay EQdhERROFLFRRS Wnithout a
texture in the foreground area. The area specifying procéssing perforned

. by t heompemerdpeadntizigied uni tErah@3 #1588 Gid kel hel mumigikdief grence to
the flowchart of Figs. 30 and 31. In step 5201, the frame nmenory 221
ob? ai Arazme ifmade dfhe reammein<X tirwemgint fu aine 4in+2Thkb nuatlaidiorg frame #n.
The frame nenmory 221 supplies frame #n the frame 'menory 224_ In step S202,
. the n¥iréiadastiridey pontiions22z ¥ dint s miamte o bhether aaibunhe
background between frane #n+2 '
of movement v.
A description is now given of a change in pixel wvalues
of the pixels'belonging to the mixed area in the frames
‘10 before and after a designated frame.
In Fig. Zsﬂﬁthe pixels belonging to a covered
background area in frame #n in which the background is
statignary and.the amount of movement v in the foregrdund is
"4 are the fifteenth through seventeenth pixels from the left.

15  Since the amount of movement. v is 4, the fifteenth through
seventeenth frames from the left in the previous frame #n-l
contain only background components and belbng to the
background. area. The fifteenth through seventeenth pixels
from the left in frame fn-2, which is one béfdre'frame #n-1,

20' contain only backgroﬁnd components and belong to the
background area.

a Since the object corresponding to the background is’
stationary, the pixel'value of the fifteehth.pixel from the
7.left in frame #n-1 does not changé from the'pixel-vaIUe of

_._25 _the.fifteeﬁth.pixél from the left in fréme #n-2. Similarlyi




~and frame #n based on the inage of frane #n+2 and. the inmage 20 of frane
#n stored in the frame nmenory 221. The notion- capturing |9dabuaon2@i2- 1
supplies the notion vector to the inmge shift portion 223-1. In step S203,
the image shift portion 223-1 shifts the  image of frame #n+2 stored in the
frame menory 221 in 25 parallel based on the notion vector supplied from
the 19 January 2006 - 92- notion-capturing portion 222-1, and supplies the
resulting image of frame #n+2 to-tl& frane nmenory 224. In step S204, the
~nmotion-capturing portion. 222-2 obtains a-notion vector of the background
between frame #n+l 5 and frame #n based on the inage of frame #n+1l and the

| rage 86 biZEP (ysLonedch Lheclialk JPODI V2Rl ibe JpLi gy capturing

portion 22 ies the I on vec to t |nage f% portion 223-2.

In Steﬂr§&’195#nlfed<bé@gt‘?o§héﬁ£m£’é’rH&ﬂ B3 Api i 0S¢ 1yl mege of frane

#n+l stored Iin the frame nenory 221 in ase e notion vector

suppl i gexteenthkheixdDt FAdin CERE ULL Y Pﬁ)rffé}ﬁ'e #1222, arigi O 1! &?i@f t he
resulting image of frame #n+l to the frane nenory 224. Instep $206, the

ot | ONvEBPEUSE NEhPOSE T Ot L2t 13 p e DDEAbMIStIRe ML 101 1Y €L Bfie Ofnthe
-background between frane-#n-1 and frame #n based on the image of frane

#n51 addesheot nelgengef f fomneh&np bl echiwe tde' fHaevaimsand21l. The notion-
capturing portion 222-3 supplles the notion vector to the inage shift
port|QM12QB Brom the left in frame #n-2.

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

10 components, and the pixel values'thefeof do not change.
| Accordingly, the absolute value of the dlfference 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 tﬁe pixels belonging to the mixed area
15 in frame #n by the stat10nary/mov1ng determlnlng portion
) 225 4 is "stationary™. |

Since the pixels beionging to the covered backéround
aree'in frame #n contain foreground components, the pixel
ﬁalues thereof are different from thoee of frame #n-1

20 .consisting of‘ohly“backgroﬁnd-components. Abcordingly,rthe
'Statienary/mbvingldetermination made for thé pixels
belonging to the mixed area in frame #n and the
,correspondlng plxels in frame #n 1 by the stat10nary/mov1ng

_fdetermlnlng portlon 225 3 is "moving®™, |

eéS* __Whenﬂthe stat10nary/mov1ng determlnation reSult




20. Instep 5207, the image shift portion 223-3 shifts the inmage,of.frane
#n-1 stored in the frame nenory 221 in parallel based orldlasarpR20@n vect or

- supplied fromthe notion-capturing portion 2.22-3, and -supplies the
resulting’ image of frame #n--1 to the frame nenory 224 .25 In step S208,
the notion-capturing. portion 222-4. 19 January 2006 - 93- obtains a notion
vector of the background between franme #n-2 and-frame On based on the

i mge of frame #n-2 and the image- 8% ~frane #n stored in the frane nmenory

'221. The notion capturing portion 222-4 supplies the notion vector to the

I mage shift portion 223-4. In step S209,'the inage shift portion 223-4

.shift Lf t 221, Il el
, Ealsedsloﬁ&[ch %‘r?v\f/leg{]ﬁrﬁsquﬁplrﬁ ]g (fr%?ﬁr? %’%’/lﬂc? | nor P?(r)ﬁ ©

222- 4,4 t to the f :

rrermry 224 I'n s(‘{ Zj%ré%%d{ %ge j n | onatimg)?ﬁr:o\?l n“Ig‘Ea Oer%an]{wrho prbqet | :‘)ﬁrre225_ 3
det er rHé’t?@rrNﬂ}?&ﬂl‘%fn g et e_LrI{HJ_Q?aIJilq{b r'%élérﬂ?}'nﬁs Rlgghiddy frame #n-1

and the pixel in frame On located at” the sanme position’s s ationary. |If

it is deferoidetddidndieynby 98 fdidatighg Sotdids siatd onary, the

process proceeds to step S2117n which the stationary/ moVi ng det erm ni ng
POBt i @liscldirell ddloak)l NeR \sieidele tidignidaliff Poratian Jasyt for the pixel

in frame On and the pixel in frame #n+l located at the same position is
st at | aetremi2iesl fohalt ithedeloamdspehiding paxkeIdl bdllvalg the LHdelhidrdt i on
background area.
In Fig. 26, in frame #n in which the background is
stationary and the amount of movement v in the foreground is
16 4, the pixels contained in an uncovered background area are
the second through fourth pixels from the left. Since hhe
amount of novement v is 4, thersecond through.fourth pixels
from the left in the subsequent frame #n+1 contain only
- background components and be;ong‘to'the backgrouna area. In
15 frame #nt2, which is subsequent to frame #n#l,_the.seéond
" through fourth pixels from the left contain only background
Vcomponents‘and belong'to'the background area. | |
Since the object corresponding.tq the background is
~stationary, the pixél value of the second pixel from the
-20,-left in frame #n+2 does not change from the plxel value of
‘the second pixel from the left 1n frame #n+l Similarly,
. the pixel value of the third pixel from the left.in frarie -.‘
“#n+2 does not change'from'the pixel value of the third pixel
ﬂfrom,the left in frame-#n+1 and the plxel value of the |

.25 fourth plxel from the 1eft in frame #n+2 does not change.




result. for the pixel in frame ##n and the pixel in frame #n+l |ocated at
the same position is stationary, the process proceeds to 9tlkpudr2@061 n step
5204, the area-determining :portion 226-2 sets. which indicates that the
pi xel to be 25 processed belongs to the stationary area, in.the stationary
19 January 2006 - 94 area determning flag associated with the pixel to be
processed. The area determ ning portion 226-2 supplies the stationary-area
determining flag to the determ ni-ngd l-ag- stoking frame nenory 227, and the
process, proceeds to step 5 5213. If it is determined in step.S210 that
the determination result for the pixel in frame #n-1 and the pixel in

frame leca ' at sa osition.is.noving, or if it is determned in
step é%?T‘ﬁ%%%&ﬁﬁﬁﬁaé%Qﬁﬁ% gfﬁ%ﬁ F%?Ei e .%%Oﬁhéhﬁi}gﬁtiﬁnffane,#n and
the piptelyd ko fyqame #n+l I ocated at the sane position is moving, the pixe
-to be processed does not belong.to a stationary area. Accordingly, the

processi nrgkesigp BRL2pk S8kl pRef-aARdyhle BRACESS,Brpcesds to step S213.

15 In step S213, the stationary/noving determning portion 225-3 determ nes

whet heori-aepdaliahy 8l it basulls behhEnY X6l chi (haffeflal and the pixel
g o

in frame #n |located at the  sanme position’i s noving. i s determ ned
that bhekgrdenar Bireal ian rramdl #nl 8oRBYsRIoft BRI BEERSrBLRGEEdS tO step 20

5214-in which the stationary/noving determning portion 225- 2 detern nes
whet hepmphaedeter andathenpigell valaest BBeRedg! 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

10 #n+2 corresponding to the pixels.belonginj'to the mixed area

in frame #n by the stationary/moving determininglportion

225-1 is "stationary".
Since the pixels belonging to the uncovered background

~area in frame #n contain foreground components, the pixel

15 vwvalues thereof are different frém those of frame #n+1

'consistinélof only'backgrOUnd components. Acdordingly, the -
stationary/moving detefminatién made. for the.pixels
belonging to the mixéd area-in frame #n and the
corresponding pixels-in frame #nt+l by the stationary/moving
20,-détérmining portion 225-2 is "moving". | |
| .When the stationary/moving determination result
indicating “moving" is'supplied from the stationary/moving
 determinipg portion 225-2, and when the stétionary/moving'
'fdetermination reéult ihdicatiﬁg “Statidnafy" is:suppliéd

3 25:'froﬁ,the'Stationary/mOVing determinihgaportion.225~l,fas



in frame #n and-the pixel in frane #n+l |ocated at the-same position is
moving. If it is determned in -step 5214 that' the det erngijaaidrpP00625
result for-the pixel in. frame #n and the pixel in frame #n+l 19 January
2006 - 95 located at the sanme position is noving, the process proceeds to
step S215. In step 5215, the area determ ning.portion 226-2 sets "1", which
i ndicates that the pixel to be processed belongs to a noving area, in the
_ moving7area- -5 determning flag asseci-ated. with the pixel to be processed.
The area determ ning area 226-2 supplies the noving-area determ ning flag
to the determining:-flag-storing frame nenory 227, and the process

Ar0ce9schesaheRnafdd rnbiallal Jo08LRIMAGI LR 2LEP2ELS [Nt Lhe

" determ nation reéﬁF or e pIxe the pixel in frame

#n | gegbediabst PRA agﬁep8§ggégaohaiﬁéﬁﬁigg§5¥Reggn§LFgFags . determined.in

.step 5214 that the determnati resu e pi inframe #n and the

pi xel yhbot bR ﬁgékgkgﬁﬁaegrgg' the sane positionTis stationary, the pixel
in frame #n does 15 not belong to a. noving area.- Accordingly, the

processi ngrof. 3t el 924150 e $ K dRah i 1 S S dH PLESSH T ASECES O Step S216.
In step S216,.the statiohary/ noving determ ning portion 225-4 determ nes

‘wiet h#n mhdedey et naiéonspesityihgruhbe 108 xelwhenffree #n-2 and the pixel
in frame #n-1 |'ocated.at 20 the same position is stationary. If it is
det.erdebednihation t hesulbt efon nilié opixebuih fhamé afhonalycatdg HEocess
proceeds to step S217 in which the stationary/noving, deternining
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
10 when the determination result for the pixel in frame fin and
. the pixel in frame #n-1 located at the same image position
as the pixei in frame #n is moving, the area specifyingbunit
103 determines that the pixel in frame #n belongs to a
'éovergd-background érea.
15 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 stafionary, and when
the determination result for the pixél in frame #n and the
- pixel in frame #n+l located at the same image position as
20 the pixel in frame #n is stationary, the area speéifying
ﬁnit-lOBVdetermines that the pixel in frame #n belongs to
‘the stationary area. |
When.the deteiminaﬁion resuit for the pixel in frame fin
~.and the pixel in frame:#n—l 1océtéd at thé.same image

- 25 pdsition.as the pixel in frame ¥n is moving, and when the




- portion 225-3 determ nes whether the determnation result for the pixel. in
frane #n-1 and the,., pixel in frame #n 25 |ocated at thd9Janerpedidion is
movi ng. 19 January 2006 - 96- If it is determned instep $217 that the
determination result for the pixel in frame #n-1 and the pixel in frame #n
located at the sane position is noving, the process proceeds to step S218.
In step S218, the. area determning portion 5 226-3 sets "1", which
i ndi cates that the pixel to. be -preagessed bel ongs to a covered background
area, in the covered-background-area determning flag associated with the
pi xel to be processed The area deternlnlng porti-on 226-3 supplies the
cover back und area%geternlgln deternlnlng flag-storing

23 3 % i f t he 1%

f rame “vertor y - Ulshdn PEcLhe PiKs eé&s Fﬁmgt B 89fothespigels _
det er t t he determ.pation sul t the pixel in
frane %%ag%d %QR 5%% aFrg “#ie1 1F883t885é lPHea§a%§ ®position is
nmovi n § i e ed the i in frame
#n- | ﬁag%l éBpF%gFEI#ﬁf%gngSggh ocg nggggtgéé %g?h ﬁgnfﬁé stationary,
- the pgselrminbta ngae I c ea.

Accordlngly,F thgﬁgﬁogggsﬁﬁgggfQg-?g%mézﬁg ngSéE?pgngﬁén@QQhé process .
preoceg@sato step $219. 20 In step $219, the stationary/noving determning g
portion 225-2-determ nes whether. the determ nation result for the pixel
in frame #hendchdedptephinaisemBedinrd tocatied pizdhein SBBPRItioN 5
noving. If'it-is determned..in step S219

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
10 the samé image position as the pixel in frame #n and the
- pixel in frame #n+2 located at the same image poeition as
.the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
uncovered backgfound area.
15 Figs. 28a through 28D illuetrate examples of the area
‘determination results obtained by the area speciinng unit
103. In_Fig. 28A, the pikels which_ere determined to belong
to-a.coveredjbackground area are indicated in white. 1In Fig.
' 28B,_the'pixels which are.determined,to belong to an
20 uncovered background area are indicated in white.
IIﬁ'Fig..28C, the pixels which are deterﬁined to belong
to'a'mDVing area are indicated in white In Fig. 28D;'the
‘plxels Wthh are determlned to belong to a statlonary area
iare indicated in whlte. .

1125 _ '.RFLg.'29 lllust;ates the area informetion_iﬂdicating the




that the determnation result is 'noving, the process 25 proceeds to step
$220 in which the stationary/noving 19 January 2006 -- 979 Jamiaey 2006 ng
portion 225-1 determ nes whether the determ nation result for the pixel in
frame #n+l and the pixel in.frame #n+2 | ocated at the sane position is
stationary. 5 If it is determned in step 5220 that the determ nation
result for the pixel in frame #n+l and the pixel in frame #n+2 |ocated at
the sane position is stationary, -tlee process proceeds to step 5221. In
step 5221,'the' area determ ning portion 226-1 sets "1", which 4 ndicates
that the pixel to be 10 processed bel ongs to an uncovered background area,

in th%. y cg¥ered Kg und- area determ nin %a gssoc ted wwth . the
pi xel “td ge protesSed Tﬁ%r%r% ﬂ%té?ﬂ?ﬁinﬁeg%? ?@ rOQZ ? %ﬁ%ﬁlles t he
uncovgh%grgggggéoggﬁﬁaﬁagFﬁﬁtgﬁg1gé@grmfIgg% %gg?ge£§égg flag storing

f rame nmenor process proc

deterﬁbﬂggylngtep1§2%§?hh A %ﬁﬁ%fép%cate ?E$S&éﬁe£8{né5 ¥£'Xe! in

frame #n ahd the pixe rane he sanme position is

stati pabkg ©b tlfleléoerérg@tﬁwk&ﬁ&luﬁ@ §£«<§£ F226hd hia?w&r term nation

‘result for~ .20 the pixel in frame #n+l and the pixe rame #n+2 is

B/ NPackgtHendi xba) M fa ATELHE H08S81 HOWh 18h 0Dk tge @BrmEQVES ed backgr ound
area. Accordingly, the processing of step 5221. is skipped, and the

pr ocebslpngceedshé Quistep-H282, dre siiepi &S Libastered. speed faiag unit 103
det er m nes
information lndlcatlng the mixed area output from the
determining—flag~stbring frame‘memdry 229 designates the _
mixed area and the portions having a texture surrounded by
10 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 Figs. 30 and 31. In step 5201, the frame
‘memory 221 obtaihs an image of frame #n-2 through frame #n+2

15  including frame #n. The frame memory 221 supplies frame #n
‘to the frame memory 224. |

In step 5202, the motion—capfuring portion 222-1
obtains a motion vector of the background between frame #n+2
and frame #n based on the image of frame #in+2 and the image

20 of frame #n stored in the frame memory 221. The moti6n~
capturing portion 222-1 suppiies the motion vector to the
image shift portion 223-1. ' |

In step 5203, the image shift portion 223-1 shifts the
image of frame #n+2 stéréd in the frame meméry 22151n.

25 parallel based on the motion vector'supﬁlied from the




--.25 whether the areas of all the pixels in frame #n are 19 January 2006 - :
98- specified- If it is determned that the areas of all 19Henuapy 2@6s in !
-frame #n are not yet specified, the process returns to step S210, and the :
area specifying processing is repeated for the remaining pixels. 5 1f it
is determned in step 5.222 that the areas of all the pixels in frame #n
are specified, the, process proceeds to step 5223. In step 5223, the
synt hesi zer 228 generates area i-nfaggmation indicating the m xed area based
~on.the uncovered-background-area determning flag and the covered 10
background-area determning flag stored in the determ ning flag-storing
.fra _ I generates _area i.nfor ion indicating to which
of tﬂgmﬁﬁgﬁéé?éﬁl%éc g %5n30%a?gg,afh8ngt§Ppg éFﬁngﬁgaFe?H Y4BV ng area, or
the ¢ I FGIEI0 area.eac [ xe ngs, and sets the generated 15
ar ea ?h g&ﬂéﬁ?on i %&g2dg?eF§?n?ﬁ§®?Igﬁgg#grggé'frane menory 229. Then,
the processgpe | SEHSS v hes I fybpg,unit 103 is
capabl e of geﬁg§gt?%ggérggéfﬁggfﬁgt?%%E?ﬁhﬁégﬁ?%g§§% %%?c% of the noving
ar ea, obfte islAtd @dREBnakedtokh8ruRGAYBhetq2BuRaACketauRd 2L6Re $h+fhe covered
"background area each of the ,pixels congalned in a franme bel ongs.

Si ice ainlde fage f#apeaskyi Bg tRet ihBJeepEbFesmbh@nP@ShhioRnaf ihhgebackgr ound
i mge object to match before the area specifying processing; nbre: precise
area boifif dramiei dn saorbd ganehat fdamdSméorqr 2a1spethéynsgigni-t 103 nay
~apply logical ORto ‘ ' :

.. capturing portion 222-2 supplies the motion vector to the

image shift portion 223-2.
In step $205, the image shift portion 223-2 shifts the

10 image of frame #n+l stored :in the frame memory 221 in

parallel based on the motion vector supplied from the
motion-capturing portion 222-2, and'supplies the resulting
image of frame #n+l to the frame memory 224.

In step S206, the motibn—capturing portion 222-3

:;5 obtains a motion vector of the background between frame #n-1
“and frame #n based on the image of frame #n-1 and the imagé
of frame #n stored in the’fraﬁe memory 221. The motion-
_éapturing portion 222*3‘su§plies the motion vector to the
image‘shift portion 223-3. |

'20 ' -~ In step 5207, the image shift portion 223v3 ShiftS'the
image .of fraﬁe #n—i stored in tﬁé'frame memofy 221 in |
_pafa;lel based on the motion vector suﬁplied from the -
motionfcépturing_portion 222~3,'and~supplies the résulting'
image of frame #n41 touﬁhe frame ﬁemory‘224-

25 _In step 5208, the motion-capturing portion 222-4



- 19 January 2006 - 99 the area information corresponding to the uncovered
background area and. the area information correspondi ng ti® Jamearyg 2066 ed
background area so as to generate area information corresponding to the
m xed area, and then nmay 5 generate area information consisting of flags
indicating to which of the noving area, the stationary area, or the m xed
area the individual pixels contained in. the franme bel ong. Wen the object
corresponding to the foreground hagza- texture, the area specifying unit
103. is able to specify the 10 noving area nore precisely. The. area
specifying unit 103 is able to output the area information indicating the
cating' the foreground, area, and

. 103 i's able to output t|

out pupRePRas & BAEi Phi BeERFoREI HiF cher g PHBCsRarForar b-ale B968 i ho ar ea
15 i ' kRdj ' t back d . Fi 32 | . bl ock d

1 ust o Treian bk ACtoln) e aPiARE CF R RESRR L Badd iRy IR Lo, A
bj ! i j 1 ' bj ect :

cor T o2bontrng. P FEIPEY B g LERe e iR R 0y ARG ET e b ect

 eXtraééﬁﬂﬁrﬂﬁbtPg§%i$ﬂri@§L4S§%ﬁpfie¥a£H%jﬁ8t9$§e$é$Fgfm¥ot the pixels

~corresponding”to the foregroun I mge object, which indicates the other
pisxel smBgk0BHi EP Borbagkoreyng area, so as to generate an area-specified

~object including the foreground i mage object and the val ue which .25
i ndi cat es IhaitdhesWKel thdahg tshilfte fRakamwrd-ar @i fd the
' image of frame #n-2 stored ‘in the frame memory 221 in
" parallel based on the motion vector supplied from the
motion-capturing portion 222-4, and supplies the resulting
_10 image of frame #n-2 to the frame memory 224.
In step S210, the stationary/moving détermining portion
225-3 determines whether the detefmination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same posit;on is stationary. If it is &etermined that the
15 determination result is stationary, the process proceeds to
‘step $211 in which the stationary/moving determining portion
225-2 determines whether £he determination result for the'
pixel in frame #n and the pixel in frame #n+l located at the
- sgme,position is stationary. |
20 - If it is determined in step $S211 that the determinaﬁion_
- result. for the pixel in fréme #n and the pixel in frame #n+l
"locatéd at the same position is stationary, the procesﬁ
: ﬁroceeds tojstep S212;H In step 8204, the area deﬁermining
fportion 22642 sets_"1“;-Which.indiéates:that-the pixei‘tO'bé

-25_'pro¢eSsed belongs to ﬁhe stationary area, in .the stétionarYi




19 January 2006 - 100 supplies the area-specified object to a notion
detector 252 - and a subtracting unit 254. The object extriadhmrzgy 20068 251
detects, for-exanple, an outline of the inmage object corresponding to the
foreground 5 inmage object contained in the input inage so as to extract an
i mge object corresponding to the foreground object. Alternatively,-for
exanpl e, the object extracting unit 251 nmay extract an inmage object
corresponding to the foreground objgct fromthe difference between the
background inmage 10 stored in a built-in background nmenory and the input
image. Alternatively, for exanple, the object extracting unit 251 may
detect._a no nput set a value_ in stationary pixels,

i,on _af .the i i mage, and,
which%ﬁ%ﬁtéﬁﬁ§§mPH&Pgiﬁgaﬁi?EFQCEQFS%ngFB 5bgaPkgrduRE BPea, so as to
- i.fied;l bj.ect i ncl udi N bj ect d
Thecy o bt RS ek Be dplariRdhg: RorLIRB 3RS EoonHE 4atkErBun. ar e,
The | ahi act ‘o P ’ e odTobt ect Cep ot
(r om LRt IMREs o780 BR8En i Y7 FaGoEpoeRe HER B LhaorRG 1o Che

T or egrs@id v 83 23R4 LRI ELS 2Bel ongiingy, .2 e nj rea. _An.exanple of
a- nodel ogﬁgined b? expgng?né ?%h'?ﬁg ?F%geggin%?E%ﬁgtﬁé_ﬁ??%l val ues of
pi xel §2al3.gned side-by--side in the noving direction of an i nage object
corresponding to a foreground object is shown in Fig. 33. For exanple, if

the 2 5 noging direstéammédtig & PPN 6aia € FHESRONSRh 410 d.he 19
January 2006
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 5211 that the determination result for
.10 the'pixel in frame #n and the pixel in frame #n+l lécated at
the same position is moving, the pixel to be processed does
not belqng_to a stationary area. Accordingly, the
proceSsing of step S212 is skipped, and the process proceeds
to step 5213. |
15_ In step 5213;‘the statiqnary/movipg determining portion
"225-3 determines whether the detéfminaﬁion result for the
pixgl iﬁ frame #n-1 aﬁd the pixel in frame #n iocated at the
same position is moving. If it is determined that the -

: determination result is.moving, the process proceeds to step
20 $214" in which the_stationary/moving determining portion 225-
2 detefmines whether the determination iesult_for the pixel

in frame {#n an&'the pixel in frame fn+1 lééated.at the same
'positibn_is moving. o
If it is determinéd in‘step_3214_thaf‘the determination

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




foreground object is horizontal with respect to the screen, the-nodel
shown in Fig. 33 is a nodel. obtained by expandlng t he pngghmmmyggﬁs of

pi xel s di sposed side-by-side on a single line in the tine domain. In Fig.
33, the line in frane #n is .the same as the line in frame #n-1. .frane #n,
t he foreground conponents corresponding-to the foreground object contained
in the sixth through seventeenth pixels fromthe left are contained in the
second 10 through thirteenth pixelssdromthe left in franme #n-1. In frane
#n--1, the pixels, belonging to the covered background. area are the

el eventh through thirteenth pixels. fromthe left, and the pixels’

ool Sy st R BERE Bos S ra%%”%}?ari?l%eaﬁsﬁé?%o%%%%Rér%gé%’ég?hfe"“rt “

cover :gﬁiygﬁqﬁnd %ngg%%g 5&@ fi eeQ%g t%%gu Egggggg%ggnth pi xel s from

the left € pixe onglng 18Und area are

the- Sipgighof e@uh 161 00l ol X0l Lkl RS e el Bller! Bof paMe #n-1, the

pi xel s belonglng fo’the backgroun area are 't rst pirxel from the left,

-and t be-Jskege Bl ongkh teuah e Ry siiehSt R X8 LORLL eft. In frane
gg plxgls belgﬁglng to Fhe bgbfgrgUné % g%ea rggﬁhe first through,

fl$thd@téQh§n1 PoﬁlhbeabgﬁbaatéﬂdwiQhJ%ﬁéabingoﬁo b&0BrokB8§s&ght eent h.
through twenty-first pixels from the |ef
The area determining area 226-2 supplies the moving-area
determining fiag to the determiningrfiag—storing frame
memory 227, and the process proceeds to step S216.
. If it is .determined in step S213 that the determination
10 result for the pixel in frame #n-1 and the pixel in fraﬁe-#n
located at the same position is stationary, or if it is
determined in step S$214 that the determiﬁation result for
" the pixel in frame #n and the pixel in frame #n+1l located at
‘the same position ié sfationary, the pixel in frame #n does’
‘15 not belong to a moving area.  Accordingly, the processing of
' step S215 is skipped, and tﬁe ppoCess proceeds to step S216.
_In step S216, the stétionary/moving determininé portion
225-4 detérmines whethe; the determination result for the
pixei in fraﬁe #n-2 and the.pixel in frame #n-1 lbcated.ét '
20 the same position is stationary. If it is determined that
the determination result is stationary, the process proceeds
to step S217 in which the stationary/moving determining
. portion 225 3 determlnes whether the determlnatlon result
Jfor the plxel in frame #n-1 and the“plxel in frame #n

25 located,at.the same p051t10n is mov1ng.




An exanpl e of the area-specified object extracted by the object extracting
unit 251 according to the exanple shown in Fig. 33 is showiniddy b0@ 34. S
When a designated pixel of the input image is a noving pixel, that is, a
pi xel belonging to the foreground area or a pixel belonging to the nixed
area, which contains a foreground conponent, the object extracting unit 251
sets the pixel value of the designated pixel of the input image '10 in

t he correspondi ng pi xel of the areaggpecified object wthout nodified.
Wien a designated pixel of the input inage is a stationary pixel; the

obj ect extracting unit 251 sets.a value in the correspondi ng pixel of the

- area-specifiged-15 o ct, ich indicates that the pixel belongs to the
backgr ound %fe’at lﬁwélea l’gﬁ‘ﬁg(},m%‘cﬁ% 2@& '?*T’e{’\}i g pidelFEHHdM ng a

f t I whj, ch I di cat t hat
the piXerS! bel ﬁg i Phelhathgrbing Bich 789 S5 Bufbl | On BPvSdto i on

254 Th t t. 252
28%22@2‘%@%‘*‘? e e Pod ftor &%Eﬂ@%%% i PREPOB Gt UBBIEE 1 om ¢ he
.obi ect t nd .th
_gojs?tclg%gléﬁélﬁg%fngt :Jcr:jé\ﬁgﬁéeg bga%sﬁgsiup gﬁr%@oérn@?%ngﬁlﬁl%ﬁ)ﬁ@tlfglnuary 2006 -
108 dpt@ct 0gedP21 Fj g,«hféuiﬁma@éestmeﬁmg@f ddg@rea- specified

obj.ect of frame #n--1 which is notion conpensate
processed belongs to a covered background area, in the

covered -background-area determining flag associated with the
plxel to be processed. The area determining portion 226-3
supplies the covered—background—area_determining flag to the

10 determining-flag-storing frame memory 227; and the process
proceeds to step S219.

If it is determined in step S$216 tﬁat the determination
result for the pixel in frame #n-2 and the pixel in frame
#n~1 located atnthe same position is moving, or if it is

15 determined in step 8217 that the pixel iﬁ frame_#nfl and the
" pixel in frame #n located at the same'peSition is sfationarf,_
'-the'pixel in frame #n does not belong to a covered
background‘area. Accordingly, the'processing of step 3218_
is skipped, and the process proceeds to step S219. |
20 In step 8219 the stationary/moving determining portion
__225 -2 determlnes whether the determlnatlon result for the
pixel in frame #n and the pixel in frame #n+1 located at the
Same p031t10n is mov1ng.. If it.is determlned in step S219
‘that the determlnatlon result is mov1ng, the process

25 proceeds to step $220 in Wthh the statlonary/mov1ng T




for by the notion conpensator 252. The position of pixels belonging to the
foreground area of the notion-conpensated 5 area-specifijodagbiregoos n frane
#n-1 corresponds to the position of pixels belonging to the foreground area
of the area-specified object in.frame #n. Simlarly, the position of

pi xel s belonging to-the m xed area of the notion conpensated area-specified
object in franme #n-1 corresponds 10 to the position of pixels belonging to
the m xed area of the area-specifigfl. object in frame #n. The notion
conpensat or 252 supplies the notion- conpensated area-specified objects to
the frame nmenory 253. The frane nenory 253 stores the notion-conpensated
15 area-specifjied objects _in units of frames. Wien the area specified

obj ec CeEEFEIHSHIPRG HHOTt B O dr SGtaminGs| @Bether thsne #n is supplied from
t he obj ect extracting unit 251 to the sybtracting unit 254, the frane
nenor gﬂe%%n%‘ﬁ‘ﬁﬁllioé’s t%“?éﬂt Plror‘f&‘@or?ﬂé‘ﬁgatlé*d freme. gﬁé&i PPEdthsj ect of franme
#n-1, 2 i.ch ds previgus to.fr n, to the subtracting unit 254. = The
subtrga%%%;ﬁﬂﬂér 4 gﬁ%tﬁggﬁgﬁd?gghﬁpﬁéSﬁPfeP°S§gF88 &F a pixel bel onging
to the,teneqr d area of the 'area-specified object of frame #n supplied
from the object ".extracting unit 251, the pixel value of a pixel at the .25

Cogr espondr0ipOsk! LBRARENO8! PROLREL! 825 PCALE CROUREL BhfifhadPoganuary

2006 - 104- -of the are.a-specifre | ect frame supplted fromthe

- fr amg el #0H 228 e Eﬁﬁ@l Ehef§ﬁﬁbr%ﬁhﬁngnﬁPkgezéﬁngt?ﬁ”%ggﬁe the frame

~difference between the pixels belonging to

#n+2 located at the samie position is stationary, the process

proceeds to step S221. In step 5221;:the'area determining

portion 226-1 sets "1", which indicates that the pixel to be
10 processed belongs to an uncovered background area, in the

uncovered-background-area determining flag associated with

the pixel .to be processed. The area determining portion

.,226—1 supplies the uncoveredmbackgroundfflag determining

flag to the detérmining—flag—storing frame memory 227, and
15 the process proceeds to step 8222.

" If it is determined in step $219 that the determination
result for the pizel in frame #n and the pixel in frame fin+l
located‘atlthe same position is statienary, or if it is
determined in step 5220 that the;determination result for

20 the pixel in frame #n+l and the pixel'in frame #n+2 is
_mOViDQQche pixel in frame #n does not belong to an
~uncovered background area. Accordingly, the processing of
step 8221 is skibped, and the process proceéds‘to step S222.

- In step $222, the area specifying unit 103'deter¢iﬁes

,325: whéther the areas of all the pixels in.frame #n are




- foreground area. .5 The subtracting unit 254 subtracts, fromthe pixel
val ue of a pixel belonging to the m xed area of the area-199p&@iry 260 obj ect
of frame #n supplied fromthe objrect extracting unit 251, the pixel val ue
of a pixel at the corresponding position and belonging.to the m xed area -
of 10 the area-specified object of frame #n-1 supplied fromthe frane
menory 253.. Then, the-subtracting unit 254 determnes the frane

di fference between the pixels belanggng to the mxed area. If'a value

whi ch indicates that the pixel of the area- 15 specified object of.frane
#n. bel ongs to the background area is set, the-subtracting unit 254 does

not perfor 'Sq&trgﬁgipn., Jhe suptracting-unit 254 sets the franme-
di f f er FRCE T het neeht tHe 15 idskpmiRednidly E2e 1 rehravhdhd ea or the

2.0 frane difference between the pixels-belonging-to the mxed area in the
corre§%5ﬁ%?%gl%i€%ﬁm%ﬁ§h ??ﬁe%ﬁ%a@%ﬁe%??c+%&ﬁéhn & PrefRPFSupplies to a
thres ' 255 the area s.peciflied-object. i.n which 'the
f-ram@%ﬁ%[@%:g%gé‘geﬁm%z%lo't haenép'f%}(eelaér &1 ORYT hg! Y7 (S5 Eg DU area, the

frane, pq agé&f%]gn&ger blgérg\(lgﬁﬁﬁ(?%d})pé el s belonging, to the mxed -area, 19

January 2006 - al ue cating that the pixel belongs to the

~bagkground @ §& ii$ e M85 ALy \WBIoUe HLRCRHT0L 232 G@MR]Res the
input threshold Th with the frane é??ferenceabetmeen t he plxe?s
theApixels in frame #n are specified, the process proceeds
to step 5223. In step 5223, the synthesizer 228 generates
area information indicating the mixed érea based on the
uncovered-background-area determining flag and the covered-
10  background-area determining'flag stored in the determining-
flag-storing frame memory 227, and also generates area
) inforﬁation indicating to which of thé uncovered background
area, the statiqnary area, the moving area, Or the covered
backgroUnd'area eadh pixel-belohgs, and sets the generatedr
15 area information in the determining-flag-storing frame
" memory 229. Then, the process ends.

As discussed above, the area specifying unit 103 is
capéble of génerating area information indicating torwhich
of  the moving area, the stationary é;ea, the uncoVered _

20 background'areé, or the covered background area each of the
‘piXels contained in a frame belongs. Since:the area
specifying unit 103 enables'the position of the-background
‘image.objeéﬁ-to match Eeforé the area specifying processing,
,‘more:preciSe area inféfmatiﬁn canrbe.genergted. |

'. 25' _‘The-afea speéifying unit 103 may_abply logical OR to .




bel onging to the foreground area or the franme difference between the

pi xel s belonging to the m xed area which is set in the qbggﬁm@z@&m
area--specified object supplied fromthe subtracting unit 254. it is
determned that the frame difference in the area-specified object is
greater than-the -10 threshold Th, the threshol d-val ue processor 255 sets a
value in .the corresponding pixel of the area-specified object, which

i ndi cates that the pixel belongst®dhe mxed area. If it is determ ned
that the frame difference in the area-specified object is -snmaller than or
equal to the 15 threshold Th, the threshol d-value. processor 255-sets a

I h di | of .th . fied object, which
e SRR B ey B Rl
th 55 tputs th fied obj t, i

oo e BERSSRRE GRS BULPLR LR 0r R A0, specilLed ab ect, 1

‘baCkEﬁQUEQvéféé & bhORgYBLHA AtBE! 68! %\Qgﬁghg pkbgrRi xel bel ongs to the mi xed

_.area ~and the I ndi cating I 8% to the foreground

' arealhﬁoﬁﬁétloh”cofﬁ@gpghﬁgh t8 +88 & %Sﬁn%g gn'gngrtg%%gnélne 25 change

detector 25.6 as area information inclu |ng anuary ¥106-
i 15 Or gBhépaLE NgiEat .i.ﬁﬂot:ﬁlswbﬁeéoﬁéf@tlﬁggof3§15b§ U§ﬁ&f<%§t§1££ ganpl e of

t he processing nade by the threshol d-val ue proceSsor omm in Fig.
36, whieh sfbiletwsvingmatea) eREPSOSEILAAryt BBeROSHL I Ok Ghifed PI Xel PO4

in frame #n-1 which belongs to.the foreground area
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-
10 moving area more precisely.
The area specifying unit 103 i; able to outpﬁt the area
information indicating the moving area as the area
 information indicating the foreground area, and outputs the
area 1nformat10n 1nd1cat1ng the statlonary area.as the area
15 information indicating the background area.

Fig. 32 is a block dlagram illustrating another
conflguratlon of the area spec1fy1ng unit 103 An object
extractlng unit 251 extracts a foreground lmage cbject
correspondlng to ‘a foreground object from an lnput image.

- 20 | The object extraéting'unit 251 further sets a‘value in
pixels?other than the pixeis correspbnding t6 the foreground
image objecf, which indicates the other pixels beioﬂg_to'a-
backgrounq area, so as to génerate an grea*specified-object-
-inciuding thg foregrouﬁd image cbject énd:the value which‘

25  indicates that the pixels belong to thefbaquround‘area; and




-and which is fornmed of foreground conponents FA /v; F02/v, FO03/v, and
FO4/v matches the position of a pixel C04 in frame #n wWiigghy oS to the
.foreground area and which is formed of foreground conponents FO01/v, FO02/v,
FO3/v, and 10 FO4/v. After subjected to notion conpensation, the position
of. a pixel PO5 in frane #n--1 which belongs to the foreground area and
which is forned of foreground conmponents FO02/v, FO03/v, F04/v, and FO5/v
mat ches the position of a pixel Q5gd in frame .#n which belongs to. the
foreground area and which is formed' of foreground conponents FO02/v, FO03/v,
FO4/v, and FO5/v. Simlarly, after subjected to notion conpensation,, the
‘positions of pixels P06, PO7, P08, and P09 in frame #n-1 20 which bel ong
to theSFBPgb?ﬁumea"f‘E‘éaﬁﬁ?‘%%lﬂﬂ%dp‘&%]‘f-q:*@)ngooéll 1 s e ta@p 252008, and.

C09 in_franme #n haV£nﬁ t he, sape, val ue and bel onging to the foreground area,
respecPi¥efySURFHRE IR ¥R fference between the pixels belonging. the

foreground .grea,is. .zer t he threshol d--val ye 25 -processor 255. determ nes
‘that the fr.]glnee G e rBEE G uj%&uf%} ZJO%@C-%SIQ'F-O‘:- CSREP -Er fRan or
equal thepeshol d T ts a value.,. .| t.h:g’l ixels CQ04, CO05, C06,
07, C%lgtigﬁ%l %Qabgh?% é]?' n%}g% esc%’fl%esp??(%ﬁl]sn%g‘?oon ‘{)otxotrl?@rfodjr“éjgr ound

ar ep- Mﬁ@%‘ﬁﬁc@f%&{it§%&qr§%ﬂ@ irlﬁ]de@%u?x%e%sgg Yy e%q:a% osition of

pi xel P01 in frane #n-1 onging to area corresponds to the
posi tigm £ﬁé§hFﬂﬁgﬁcéxloffbéﬂéﬁgiﬁ§1to the foreground object.
| Alternatively, for example, ‘the object extracting unit 251
may extract an image object corresponding to the foreground.
object from the difference between the background image
;10 stored in a built-in background memory and the input image.

Alternatively, for example, the object extracting unit
251 may detect a motion of the input image, and set a value
in stationary pixels, which indicates that the pixels belong
to a background.area, 50 as to generate an area-specified

15 object'ipcluding foregrounq image object and the value which
" indicates that the pixels belong to the background area.

The image object contained in the_area"specified object
which is dutput from the object extracting unit 251 contains
pixels belonging to the foreground area and pixels_belonqing

20 to the mixed érea, |
o An éxample of a model obtained by expaﬁding in the time
- direction the pixel values of pixels aligned side-by-side in
2thé movipg direction of éh image object corresponding to a
~ foreground: object is éhbwn iﬁ fig;'33. For exémple,.if the

" .25 moving direction of the image object‘cérresponding to the




" belongs to the mixed area. 5 Simlarly, the subtracting unit 254 outputs

bel onging to the foreground area. Since the pixel P01 contains the
background conponent BO2/v while the pixel COL contains 19HamieygReGcOUNd
conponent BO6/v, the subtracting 10 unit 254 outputs the frame difference
bet ween t he background conponent B02/v and the background conponent BO6/v.
The background conponent BO2/v is different fromthe background conponent
. B06/v, and the threshol d-value processor 255 determ nes that the frane
difference is 15 greater than the tijloneshold Th, and sets a value in the
pi xel = CO01, which indicates the pixel belongs to the m xed area. After
subj ected to notion conpensati.on, the position of .pixel P02 in frane #n--1
bel ongi to th are corresponds .to the positiqn of apixel C02 in
e il i e

franme ' é”fzé)rne R rREsPesth & e piskstepo2 cont ai ns
the. RQagk d onen 3/ while t pi contains, the
backgroun corrposglg)n 3%7 \é subt? é‘iﬁcf %ﬂltneéjsij IRAINE franme

di f f engpee, ReIMWeen £y and- the hackgr ound
conmponent BO7/ V. g%ﬁ?%ﬁo%u%&sﬁmonﬁ%%@sﬁ} Is “di 1% & &%ﬁ% romthe
19 Janugle/ i3PQ%e Q8 qoRaGkground conponent BO7/v, and the threshol d-val ue
processor 255 determnes that the frane difference is greater than the

theeshol d Th, ragd sejstAevaline if thamBi ¥4l isCPRe WHKENANEheat es the pi xel

the fridme id fiframeng@-of the pixel CO3 belonging to the mxed area between
" the background conponent B0O4/v and the background
'In frame #n, the foreground components correspondlng ‘to

the foreground object contained in the sixth through
seventeenth pixels from the left are contained in the second
10 through thirteenth pixels from the left in frame #n-1.
In frame #nél, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels

from the left, end the pixels belonging to the uncovered

background area are the second through fourth pixels from

| 15 the left.

In frame #n, the pixels belonglng to the covered
background area are the flfteenth through seventeenth pixels
from_the left, and the pixels belonging to the uncovered
background area are the ‘sixth through eighth pixels from the

20  left. |

In frame #n-1, theigi#els belonging totthe background
area are the first pixel from the left, and the fourteenth
through twehty~fitst pixels from the 1eft.

In frame #n, the pixels belonglng to the background

25 area ‘are the flrst through flfth plxels from the left, and



conmponent B08/v, the frame difference of the pixel Cl10 belonging. to the
m xed area between the background conponent 10 Billy and 19hemisgygReéound
conponent B15/v, the frame difference of the pixel Cl.1 belonging to the
m xed area between the background conponent B12/v.and the background
conponent B16./v,. and the franme difference of the pixel Cl2 belonging to
the m xed area between the background conponent 15 . B13/v and the
background conponent B17/v. .Thus, {he threshol d-value processor 255 sets a
value in the pixels C03, Cl10, dI, and Cl2, which. indicates that the

pi xel s belong to the m xed area. Based on the area information including
the information ..20 indicating the m xed area supplied. fromthe

t hr eshbl®- 9hghkeenph celasepgh sbwent wef iy s Riwalge fatediior 1258 f urt her
'specifies a covered background area and an uncovered background area to
generate arfdh ?W%ﬂ%rﬁl%éﬁﬁﬂ‘rﬁ’e@fﬁl&%ﬁﬁj@ﬁﬁ gFtEacted Pe covered

background area and the .25 uncov d background -area. 19 January 2006 -
109. g?ﬁ.o E e %#Eﬁ%ﬁ%l%ﬁab?bﬁ1f%fu@??%ﬁ IR 4% Cheof%atRid i on of the

time chan etector.,.256. en_det erm ni the area of a pixel in franme #a;
-a fra%epﬁéng?yﬁl%ﬁléit%ﬁe%ﬁk%%%? thg mation including the information

5,500 e B Waabalion WY SSPSSL YRRlaTRL 10 paage

supplied fromthe t d-val'ue processor - 2 ( _
i nfor g kon i neduding 4 *alﬁdmf VIR AThd MY G 1l e 4, 3583, W th
.~ respect to franme #n--| an ,
a pixel belonging to the mixed area, which contains a
foreground component, the object extracting unit 251 sets
the pixel value of the designated pixel of the input image
10 in the corresponding pixel of the area-specified object
without modified.
‘When a designated pixel of the input image is a
stationary pixel; the object extracting unit 251 sets a
value in the corresponding pixel of the area-specified

15 object, which indicates that the pixel belongs to the

' background area.
7The5area~specified object having pixels containing a
foreground component or pixels in which the value which
indicatés that the pixels belqng to the Background area is
-'j207 supplied to thé motion compensator 252 and the subtracting
 unit 254. |
The.motion compensator 252 compensatés for the motion.
fof tﬁe area-specified object supplied from the object :

‘extracting unit 251 based on the motion vector and=tﬁe '

'f325 ,poSitional informgtiohgthereéf Suppliedfftom the motion



frame #n stored in the frame nenory 261, an area determning 10 portion
262 det ernmines whet her each pixel in frame #n bel ongi ng 110 Jifery2606d ar ea
bel ongs to the covered background. area or the uncovered. background area.
Then, the area deternining portion 262 generates area information
including information indicating the covered background area 15 and the
uncover ed background. area, and outputs the generated area infornmation.. As
shown in Figs. 38 and 39, when a._piyggl -in frame #n-1 corresponding to a
pixel in frame #n belonging to the m xed area belongs to the foreground
area, the pixel in frame #n 20 belonging to the m xed area belongs to the

uncover ed background area._  Wien.a pixel in frame. #n-1 corresponding to a
pi xel "]E%EF‘?% ‘beIEglr‘ﬁb'i my t’g'r]t"r?é:p’:tﬁ%?ecd aqy XM ShGE tiha ®Eea backgr ound
area, the pixel in frane. #n bel i.ng.t.o the 25 ni xed area belongs to. the
cover SR ST mfa?fpdg"gy%o%l L T

esig el e C und .area, .and s al_ | si.gnates the
f-or eg%ﬁ?%@g%ﬁqﬁ I %o@@;@%&aﬁ: roIz(’i"{(ge'desﬁ‘gen %rsrli?:[lﬁél c?%é)rlg((? ackground,

-and | ' - h in Fi.g.. 40,
The. aren i Reepara o Jay AL il melel " Shehed b, o 4,

bebongizth b i @b citea iDL s i0 1t B 4Rcsied dhagkaround area when

the correspondi ng pi'xel” in frame #n=I"bel ongs e' foreground :
' ‘position of pixels belonging to the foreground area of the

- area-specified object in frame #n. Similarly, the position
of pixels belonging to the mixed area of the motion— |
compensated area-specified object in frame #n-1 corresponds

10 to the position of pixels'bglonging to the mixed area of the
aréa—specified object in frame #n.
The motion compensator 252 supplies the motidn~
compensated area-specified objects to the frame memory 253.
The frame memory 253 storgs he motion—compensated
15 area~specified objects in units of frames. When the area-

'specified.dbject cdrresponding ﬁo the forggrdund object of
frame #n is Supplied from the object extracting unit 251 to
the subtracting unit 254, the frame memory 253 supplies the
motion—compensated area-specified object of frame #n-1,

:20 which is'previdus to frame #n, to the subtracting unit 254.
The subtracting unit‘254 subtracts, frdm the pixel
value of a pixél belonging to the foreground area of the
‘area—speqified object ofrframe #n supplied from the 6bject
wéxtracting'unit'251, ﬁhé ﬁixel-value of a pixei at the

25 cornesponding position'and belonging to the fofegroundfaréa,'




area, and determnes that a pixel in frame #n belonging to 10 the m xed
area belongs to the covered background area when the conpgsiapdams pi xel
in frame #n-1 belongs to the background. area. The area specifying
processi ng performed by the area specifying unit 103 is described bel ow,
with reference to the 15. flowhart of Fig. 41.. In step S251, the.object
extracting wunit 251 of the area specifying unit 103 extracts, based on

the input inage, a foreground inagqgabject corresponding to the foreground
obj ect by, for exanple, detecting an outline of the foreground imge '
object. The object extracting unit 20 251 further sets a value in a pixel

bel ongi t o the backgrqund area, which indicates that the pixel belongs to
t he b%@igﬁ}tﬁu‘?f%ﬁ“@é’e&%fﬁ?q 6’%@&% é’[%e Lrang d-dpsippitdg@d SkpBetheThe obj ect
extracting unit.25 upplj,es t ener at edar ea- speci_fied object to the
nntiogﬂﬁh é%%%ﬁﬁ%:2§§'25 hehy E%*i%%ﬂiﬁﬁﬂiiﬁﬂﬁ hie) n?P42 #Lerglpssuary 2006
- 11144 ]%EEP ‘ I C ensat ar. 252 ‘conmpensat for the

not i or%:hgf rﬁ e ardg'gf%geﬁféag&% e%%%%gc%q%uﬁﬁﬁeef f%reér%nfgl’f Y joegf’eext racting

unit 281 e notion vector and the positional information thereof
supplied froze the notion detector 102. The notion conpensator 252

~sugplies the ggbteacﬁgggeaﬁ%eésar sanepacthl edrohl 6L d[SPxéfe frame menory

253. The frame nenory 2 stores the notion conpensated area-specified
- obj ectvalaRd oFURPIHige 1t be15heiad tdf eReSRAKel adeabbheCtnbost-lg-subtracting

'unlt igiéified object of frame #n supplied-from the object
extracting unit 251, the pixel value bf a pixel at the
corresponding position and belonging to the mixed area of

10 the area-specified object qf frame {n-1 sﬁpplied from the
frame memory 253. Then, the. subtracting unit 254 determines
the frame difference between the pixels belonging to the
mixed area.

If a value which indicates that the pixel of the area-

15 specified object of frame #n belongs to the background area

" is set, the .subtracting unit 254 does not perform
subtraction.
The subtracting unit 254 seté the frame difference
between the pixels belonging to the foreground area-ér.the

. 20  frame difference between the pixels belonging'to‘the'mixed'
_area ih'the-corresponding‘pixel'of-the,area;spécified objecf,

- and - supplies to'a threshold~value processor 2557the area- .
: -'specified objéct‘in Which the frame'différence between the .
pixels beldhging to ﬁhé foregrduna area, the frame 

.25 difference between the. pixels belonging to the mixed area, .




10 In step S253, the subtracting unit 254 determ nes the difference
between the area-specified object of frame #n .supplied 1bryamatyeo0sbj ect
extracting unit 251 and the notion- conpensated area-specified object of
frame #n-1 supplied fromthe frane nenory 253, :and supplies, the
“resulting 15 difference to the threshol d-val ue processor 255.. In step
5254, the threshol d-val ue processor 255 detects the m xed area based
on.the threshold, Th fromthe differgnpce between the area-specified object
of frame #n and the notion-conpensated area-specified object of frane
##n-1, and 20 outputs the area information including the information
i ndicatin thﬁlnixe | area to _an external unit. or supplies the area :
i nfor iR i SV 3114 N GAd dHaid ddib tRrxeb dellonat &9 9355, -t he tine change
detect,or 256 detects the covered.-background area or the uncovered

backgrotAtI il A 95wt Wi the area i nformation including the information
19 January ,2006.- 112- . indicating the m.xed area-so tQ_generate area
T S Gt Rg YR a P e A G SPRE 65y EPed 1Bl

i.nformation 7inc ingin BEground area

~or th r : cqr qQynd e generated area i nfor.mtion is.
N ang thh':?dﬂp%&l%ilr fhait d CRGO TS 18 BdEdfing a covered

out put en the process ends. e pro

bagk gt ARA £ Pl Lﬂ&%&gfo‘?ﬂl&o' - %Ctlr%r E‘T}gal 4%51‘5:%‘?:%3%93 to be

.processed, whi'ch correspon to step escribed in

Sl i WA 16 ] BT S T S 0 S
in the pixel of the area-specified object supplied from the
'subtracting-unit 254. 1If it is determined that the frame
difference in the area—speéified object is greater than the

10 threshold Th, the threshold-value processbr 255 sets a wvalue
in the cérresponding pixel of the area~specified'object,
- which indicates that the pixel belongs to the mixed area.
If it is determined that the frame difference in the
area-specified object is smaller than or equal to the
15 threshold Th, the threshold-value processor 255 sets a value
' in the cOrrespénding pixel'OE the area-specified object, |
which indicates that the‘pixel belongs to the foreground
area,
The threshold—valﬁe-processOr 255 outputs the area-
20 - specified objeét, in whicﬁfany one of the‘value-indicating
‘ that'thé1pixel‘belongs to.the-béCkground,afea,-the value
~indicating that the pixel belQngs to the mixed area, and the
value;inQicéting that'the pixel belongs to the foreground
 )area is set.ih:each pixel, to;énjéxtefnaIZUHit ér to a time

f-25_'change detégtor 256 as area infbrmation:including




- time change detector 256 determ nes whether or not a pixel in the previous
frame corresponding to a designated pixel belonging to the Jaueed2606ea

bel ongs to the foreground area. If it is determ ned that the correspondi ng
pi xel in'the 15 previous-franme belongs to the foreground area, the process.
proceeds to step S262 in which it is determ ned that the designated pixel
bel ongs to the uncovered background area, and the process ends. If it is
determned in step 5261 that the_pqmﬁgsponding 20 pi xel in the previous
frame bel ongs to the background area,” the process proceeds to step S263 in
which the area ..determ ning portion 262 determ nes that the

desi gnat ed" pi xel belongs to the covered background area, and the process
ends. IREOEPREIRS hdbeRleingdshrl miked fareyr ound | nage obj ect 25
corresponding tqo the foreground object in a frane containing 19 January

2006 - 113 H%esdiyddtldPiahas anexampdee@fodibe ipragessiingc madghi ch i s
subj ected to tiqn ¢c epsation, in'the previous-frane to the frane
cont ai A ng*$ h%ﬁ)’beesglcb]rfg? U HRAOC]RFR T rey’ - speti IRy Uhikidq034.s able to
e g MU ot Sielsy Rt s e, o e
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FO3/v, and F04/v matches the position of a pixel C04 in
frame #n which belongs to the foreground area and which is
| formed of foreground components F01/v, F02/v, F03/v, and
10 Fo04/v.
After subjectedrto motion compensation, the'position of .
a pixel P05 in frame #ﬁ-l which belongs to the foreground
area and which is formed of foreground components F02/v,
- F03/v, F04/v, and F05/v matches the position of a pixel CO05
15 in frame #n which belongs to. the foreground area ana which
is formed of forégfound components FOZ/V, FO3/V,‘FO4/V,-and
FOS5/v.
Similarly, after subjected to wmotion compensation, - the
-‘positions of pixels P06, P07, P08, and P09 in frame #n-1
20 thch belonglto-the foregroupd area maECh-the pesitions of
_pixels CO06, CO7, COB; and C09 in frame #n héving the same
. wvalue and-belohging to the foreground area, respectively.
Sinde the frame differehce between the pixels belonging.
.to the foréground area”is-zeté, therthfesholdévalue | |

,25'_proces$Qr 255 determinés that the.frame;difference is




background area based on the area information of the previous frane to a
frame containing the designated pixel.. Fig. 43 is a bl oqk January 2006 '
diagramillustrating another 15 configuration of the area, specifying unit
103. Simlar portions as those shown in Fig. 32 are designated with the
sanme reference nunerals, and an. explanation thereof is-thus omtted. An
identification-unit 281 identifies a covered 20 background area-or an '
uncover ed background area based an,ijhe_ notion.vector and the positional
information thereof supplied fromthe notion detector 102, and the area
information including the information indicating the m xed area suppli ed-
froin the threshol d- val ue processor 255 so as 25 to generate area

i nf or AR AdaRdiNy SWEdr ket ithe FHresheddy TRoo@nidngietat enyallhe cover ed
backgr.ou area qQr the uncovered background area, and outputs the
generdfb3: 450 i &P FCY e 48071 | G98raedsl CRE d¥ba£ki ni ng processi ng
perfor.ned. by.the. identification unit 281. In Fig.--44, synbols A and B
indicéfggéz Sﬁb§§'r@&xﬁéékgﬁéﬁﬁﬁ]§Pe§%§n§°§e95 @Y6ackground area,
Tespective .Fig. 44, s ols, .a,and b.indicate desjignated pixels. In
Fig. 44, s§¥ 3#Hbfefnﬁ?ggfeéﬂgqﬁ%F?gnth%? FOMmERTRe IR 1Rt bthPi xel s

posi ti -at l; I BG _ i.ngth irection in ich.a foreground
igggébgggﬁé%% B?ﬁ?%%%go% ﬁnégtgggﬁg #%rgggg&ﬁag%BFe%P.?genﬁﬁfﬁa, t he

R s onbe POOECoRUECENCDECATPILACHDS, HhCrant D °
belonging to the foreground area. Since the pixel POl '
‘contains the background component B02/v while the pixel COlL
contains the background component B06&/v, the subtracting

.10 unit 254 dutputs'the frame difference between the background
component B02/v and the background component B06/v.

The background component B02/v is different from the
'background compqnent ﬁOG/v, and the threshold-value
: processor 255 determines that the frame'differencé is
| 15 greater than the threshold Th, and sets a value in the pixel
-'C01,_which indicates the pixel'belongsrtb the mixed area.lr
After subjected to motion compensation, the position of
‘_piiel P02 in frame #n-1 belonging to the mixed area
_cgrresponds to_the position of a pixel c02 in frame fn
20 belonging to the'foreground area. ' Since the biXel P02
‘contains the background cdmponent BO3/v whilé the pixel o2
,Contains'the béckground component BO07/v, the subtracting
'-f1'unit 254,outputs the frame difference between the background_
_Cpmponentl303fv and.thé background,cbmponent BO%/v.

25 The‘background-cpmponent B03/v is different from the




the direction in whi ch a foreground i mage object .15. corresponding to the

foreground object is noving., the designated pixel bel od§Jatwary A0S

uncover ed background area. Therefore, the identification unit 281

‘det ermines, based 'on the position of a designated pixel belonging to the

m xed area, that the designated pixel belongs to the uncovered 20

background area when a pixel the position of which is pointed by the notion

vector belongs to the foreground argg _ Wien the position of a designated

pi xel belonging to the mxed area’is pointed. by the notion vector, thia
.identification.unit 28ldeterm nes that the designated pixel 25 bel ongs

to. the covered background area based on'the position 19 -January 2006 - 115

of a pPrRkYEPIRHPHNHEVGFT n@nd thre Yroretrgduhdradusa.  The processi ng
for detectln a covered background area or an uncovered background area in
a nlxé%r%?%%. %éb %?rﬁﬁ#%ﬁrﬁkfﬁﬂFQﬂﬁﬁfHd%ntlflcatlon uni t
281, 5 |stdes qﬁ} q%%i%ﬁ# %1erence to the -f|l owchart of Fi ' I n
step 5291° ?ﬂ i S ithi T2 e sisdhith 8 Lughdehdiheo piss the
desig d 9 |t| ed at t.h | eading end in the noving direction
of the 1of egric()%h Khedes &9 Pixed gz’edé)rn&%t%e hen A %55 aSi-gnat ed pi xel

obibct. the adel’y thgag%*%%@? 55 W85 PRAARERSES' FBS Brabt nod (hat

" object, the process proceeds

the desi gRatab@ior!tRebangs 3 e IRakr %%9;&99{% gy and then the

process ends.
between the background component B04/v and the background -

component B08/v, the frame difference of the pixel C10
belonging. to the mixed area between the background component
10 Bll/v and the background cémponent BlS/ﬁ,.the frame
difference of the pixel C1l1 belonging to the mixed area
- between the background component‘Blz/v_and the background
component B16/v, and the frame difference of the pixel C12
belonging to the mixed areé between the background component
15 . B13/v and_thé background component B17/v.
| .Thus, the threshold-value processnr 255 sets a value in
the pixels c03, C10, C11, énd C12, which indicates that the
pixels belong to the mixed area.
Based on the area information including the information
'ZQ nindicating thelmixeq area suppliéd from the_threéhold—value;
. processor 255, the time change detector 256 furthei
'specifies a cqvered background area and an uncovered
'bacquound,area to'generate area information including'
. finformation‘indicating the coverea background aiea and'the

25 uncovered backgronnd-area,




15 1f it is determned in step S281 that the designated pixel is not
positioned at the | eading end in the noving direction ofi9tUhtatw2@Er ound
object, this nmeans that the designated pixel is positioned-at the trailing
end in the - noving direction of the foreground object. The process then'

20. proceeds-to step.S283 in which the identification unit 281 determ nes
“that the designated pixel belongs to the .uncovered background area. Then
the process ends. As discussed aboygg the area specifying unit. is able to
‘determ ne, based on the notion vector, whether a designated 25 pixe

bel onging to the.m xed area belongs to the. cove-red 19 January 2006 -- 116

background area.gr.the er.ed back und area. Fig. 46 is a bl ock
diagran1iIFagfrg?iﬁ§ ?hgf % bﬁgﬁ?ﬁoﬂig?sFﬁ%th$QiEﬁ% rati o cal cul ator

.104. - t ed- re -~ rat ro or 401 | cul.ates an 5 esti mat ed
m xture rét a%&P%eggL{%rx |§ggg& §F% tgr %%g - e‘é’tscoveredS ! :

. back d t d t he cal cul at ed
eggi%;te nlxtuggﬁﬁgtﬁgeﬁog% Enpg%upgﬁgg Fgﬁgeﬁégﬁg %ﬁ%mﬁoﬁ??8ﬁy403: An
est i matgad-gFoHeWr %hreags_»@apm%saghéw138593}%6&13%%& g fated m xture

ratio for each. pixel by calculating a f“an uncover ﬁo%ackground

- arsa haseda®inghenknRVkedi ABEE, w2 SHBRRLEESHE N GAL C 2 5 %n &stimat ed
mXxture ratio to the m xture-ratio determnlng portlon 0 Slncelt can

be asgwamd #hatuppeied] Eﬁbmcanéeen.@ashagd-&élu&@ pR&cd 95897 opmd 1S moving
. Wi th.constant velocity wthi

Based on the area lnformatlon 1ncludlng the 1nformat10n
indicating the mlxed area with respect to frame #n~-1. and
frame fin stored in the frame memory 261, an area determining

10 portion 262 determines whether each pixeljin frame #n
'_ belonging to the mixed area belongs to the covered
background'area or the uncovered backgroﬁnd.area. Then, the .
‘area determining portion 262 generates area information |
including information indicatihg the covered background area
15 and the 'uncovered baekgrouﬁd_area, and eptputs the generated
" area iafofmation.

As shown in Figs.‘38'and 39, when a pixel in frame #n-1
corresponding to a pixel iﬁ frame #n belonging to the mixed
area belongs to the foreground area, the pixel in frame fn

20 belonging to the'mixed area belongs to the unCQvered |
background afea. | o o

When a plxel in frame #n-1 correspondlng to a plxel 1n

frame #n belonglng to the mlxed -area belongs to the
‘_background area, the plxel in frame #n belonglng to the

_125_'_m1xed area belongs to the covered background area.




- the shutter time, the mxture ratio a of the pixels belonging to a m xed
-area exhibits the following characteristics. That is, themuwtrI®eratio a
linearly changes according to the positional change in the pixels. 20 'If
the positional change in the pixels is one-dinensional, a ,hchange. 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 iod of one frane is short, it, can be

25 assuned that the object-Corresponding to the foreground is a 19 January
2006 rigid body noving with constant velocity. The gradient of the mxture
ratio a is inversely proportional to the amount of novenment v within the
shutter tiFe BEgt &8s orEvudd ds iamatiemiibe ofnadweredeal mixture ratio a
is shown in Fig. 47.. The gradient 1 of the ideal mxture ratio a in the
nlxed EPEEg§ﬁﬁnﬁeaFéBre§Bﬁtéﬁm%9ltﬁedﬁ§é9ﬁﬁééﬁltbﬁ flesegarundt askanrovenent
hown in_Fig. 47, the ideal nmixture ratio a-has the 10 value of 1 in

. the baiRngﬁndBQreﬁym?ﬂE Qa?%%l%ﬁa%ﬁ$nt?%eCOY%ﬁ%ﬁﬂQﬁﬁkg%ﬁ + @ t he val ue
"SLo%egwﬁé?éhﬁ”@gsi‘ﬁﬂa PRt 5S dtlond SR sevent h p o ??ﬁmetxﬁgpl oft
POS of -t he SEVRHTTR phike T aiet FEY Ged mEm e POTe0en 2836 | v + BO6.
7 / v +-§Qéefm¥n$sF98aé g pixel in frame #n belonging to the mixed
- area belongs to the uncovered background érea when the
correspoﬁding éikel in frame #n=-1 belongs to the foreground
‘area, and determines that a pixel in frame {#n beionging to
10 the mixed area belongs to the covered baakground area when
the correéponding pixel in frame #n-1 belongs to the
backgréund.area-
The area specifying processing performed by the area
: specifying unit 103 is descfibed below with reference to the
15 flowchart of Fig. 41. In stepl5251, therbject;extracting
unit 251 of the area épecifying unit 103 éxtracts, based on
the input imaée, a foregfdund image objecf corresponding to
the foreground object by, for example, detecting an outline
o of'tﬁe foreground image §bject; . The object extracting unit
f20 i251 further‘setS»a value in a pixel belonging to'the
,backgfqund area, which-indicates fhat the pixel belongs to
- the background area so as to generate aﬁ area~specifiéd'
}object- The object extractlng unlt 251 supplies the
 »;fgenerated area- spe01f1ed object . to the motlon compensator

25 r252 and to the subtractlng unlt 254.




= P06/ v+P06/v+FQ /v+F02/v (4) 2 . =2/v-P0O6+ Fi/v i=l Ln equation (4), the
pi xel value CO6 is indicated by a -20 pixel value M of thdampiaxe2006n the

m xed area, while the pixel value P06 is indicated by a pixel value B of
the pixel. in the background area. That is, the pixel value Mof the pixel
in the mxed area and the pixel value B of the pixel 19 January 2006 - 118
in the background area can be represented by equations (5) and (6),
respectively. M=C06 (5) B =.P06{@)1154n equation (4), 2/v corresponds to
the mxture ratio a. Since the amount of novement v is 4, the mxture
ratio a of the seventh pier fromthe left in frame #n is 0.5: As

di scussed X val Cin the deS|gnated frame #n is
con5|deredq§§:§h & pIxe 3%1 %ﬁophgqm3@§§a§P§a >2169WRPPEAERE pi xel val ue

P of frape. r n_i s .cons red as th plxel value in the -

bagkgr%und %ér]elgmp{é&gc%# gtl{n%?ﬁee quatto r?(‘ﬁt;éﬂpﬁ’ mlteﬁ]e ﬁoﬂ ure r:t : gna
feent t ( C ere in equ

((:%] i %%at es the%%# ? drgTrl:orzgéglr g%%d (%lnﬁ:g%eznt itlI?lnFl VEGtO8nt ai ned in

]'E he d%ﬂd}“&i@%d&%@iongfeinf@n{aa&cﬁ? ﬂ}fa};te%f‘%%pb'h%%“%tro gD are two
“factors, 1.e.; '
5 'motion detector 102. The motion compensator 252 supplies

~ the motionvcompensated'area—specified object to the frame
memory 253. The frame memory 253 stores the motion-
compensated area-specified object, and‘supplies'the stored
area—specified object‘to the subtracting.unit 254,

10 In step S253, the subtracting unit 254 determines the
difference between the area-specified object of frame #n
supplied from the object extraeting unit 251 and the motion-
compensated area-specified object of frame #n-1 supplied

-frem the frame ﬁemory 253, ‘and supplies the resulting
.: 15 differenqe ta the threehold—velue processo;IZSS._. |
In step 5254, the threshold—value'processor 255 detects
- the mixed area based on.the threshold Th from the difference
between the area-specified object.ef frame #n and the
motion-compensated erea~specified object of frame #n—l,.apd

Y rdutputs the area information including the information |

;indicating the_mixed»area'to an external unif or eupplies
-_the area infbrmation to the time change detectori256
-In step S255, the tlme change detector 256 detects the
- covered. background area or the uncovered background area .

_:25f‘based on the area 1nformat10n 1nclud1ng the 1nformat10n




the mxture ratio a and the sumf of the foreground conponents. 20.
Simlarly, a nodel obtained by expanding. in the tine dilPdetuiaon2@0ée pi xel
val ues in which. the anount of-novenent is 4 and the nunber of virtual
di vided portions is'4 in an. 25 uncovered background area is shown in Fig.

49. As in the representation of the covered background area, in the
uncover ed background area,-the pixel value C of the 19 January 2006 119
designated frane #n i s considered. 'he pixel value in the m xed area,

while the pixel. value N of franme #n+l subsequent to frame #n is A
consi dered as the background area. Accordingly, equation (3) indicating the
m xture ratio ,a can -5 be represented by equation (8) C N+f (8) The

enbodi FRALCABEND e doired ke a3Q LAF NP toeRerdes sk gidinmhadlijcect i s

tatiopnary. ,However, equations (4) .through (8) can be applied.to t he. case
isn \Mlqi %:‘PF%/W%“M Hé’é‘?éﬂ?%‘iﬂﬂ‘ o’o?%’(&g?‘snwggxgig@ rtgaqk@egmdalarml ue of a

b(Ej)licﬁeloi,o (te?\tgn%%;%%? nfg‘lﬁ‘féa‘;‘?? hg%%munﬁqéof m)verrtpnt av of _the
| ground.” | : U ora Sl e i PR LB anSfat - t he anount  of
number bR Gl ts EF (it SAS e ahiatisse, when the ob] ect
RRARAES B At S AT A ST A
~ora uncovered background area in a mixed area to be
processed, which correspohds to step $255 in Fig.r4lg is
described in detail below with reference to the flowchart of
Fig. 42,
10 In step S261, the afea determining portion 262 of the
time change detector 256 determines whether 6r not a pixei
- in the previous frame'corresponding to a designated pixel
belonging to the mixed area belohgs Lo the foreground area.
If it is determined that the corresponding pixel in the
15 previous frame belongs to the foreground aréa, the process
Vproceéds to step S262 in which it is détermiﬁed that the
designated pixel beloﬁgs to the uncovered background area,
and the pfocess ends. |
| If it is determined in step $261 that the corrésponding
20 -pikel in fhe‘pfevious framé bé;ongs]to the backgfound-area,
‘the process proceeds to step S263 in which the area
-- détermining porfion 262 determines that the_designated'pixei
.bélongs to the covered.background:area, and the process ends.
h'As_diScussed'abOVe, based on a-fo:eground image.objéctj

'25]]C0rréspondinq to the foreground object in a frame containiﬂg




~equation (6) is represented by '"a pixel value P04. Since equations (7) and
(8) each contain two- variables, .20 the mxture ratio a l93aneiy 2806
determ ned w thout nodifying the equations. Generally,'inmages have
strong..correlation in space, in which.pixels located in close proximty
with, each other have substantially the same pixel value. Since the
f oreground conponents are.strongly correlated 25 in space., a nodified
equation so as to derive the.sumf ;9f _19 January 2006 - 120 the
f oreground conponents fromthe previous or subsequent franme is used to
determine the mixture ratio a. The pixel value M of the seventh_plxeL ;rom
the left, in frame On shown in'Fig. 50 can be expressed by equation 9)
2 12 Aydesignaggd frame, apd, g Leregrpund dmede oPg e msficbhdsr i ght  si de
of equati.on %% 2/y .corresponds to the mxture ratio.a. The second term
of tﬁgh%%ﬁﬁ% F&em8¥lgahépﬁgﬁn6§flP§4e%ﬁr§§§e@rﬁ§1€&§a§Féﬁe(IQ) 10_uihng ,
t he pixel e % the .sub uegnt .frame #n+l: = rz-la >Fi 1y=f3>Fi 1y i =11 i=
It istégéune %tﬁg tgﬁﬁépﬁb%%%i%fsﬁ§n8ﬁfgiHé&e&3| §St R&®3spatial correl ation
of th%p%%ﬁ%%ﬁﬁﬁ”ﬁnﬁ%”ﬁﬁgeﬁ%sable to specify to which of the
5 . foreground area, the background area, or the mixed area the
designated pixel belongs so as to generate area information
. corresponding to the result.
The area specifying unit 103 is further able to
-determine whefher or not a designated pixel belonging to the
10  mixed area belongs to the uncovered background area, or
. whether or not the designated'pixel belengs to the covered
background area based on the area information of the
previous frame to a frame containing the designéted-pikel,
Fig. 43'is a block diagram illustrating another
15 configuration of the area specifying unit 103. Similar
portions as those shown in Fig. 32 are designated with the'
same reference numerals, and an.explanation thereof is thus
- omitted.
An identification unit 281 identifies a covered
.20 {background_areé-dr an uncovered background area~based'on the
nmotion vector and the positional information thereof
supplied from the motion detector 102, and the area
'informatipn including the information indicating the mixed
-area supplied from the threshold-value processor 255 so as

‘257 lto'generate_areaiinformatibn including information -




F=F05=F06=F07=F08=F09=F10=F1i =F12 (11) 15 By using equation (11), equation

' ' I - fore
(10) can be represented by equation (12): Fity 2 F i-lI e
f3-can be expressed by equation.(13): 20. 1 2/4 (13) GEner§ﬁ+y, ?ﬁqt-ls

assuned that. the foreground conponents associated with-the n1xed area are

equal - as given 19 January 2006 in equation (11), equation (14) can hold

“true for all pixels in the nixed area because of the internal ratio: =1 -
a (14) If equation (14) holds true, tpen equation (7) can be expanded as
given by equation (15): C=a P +7f y+v-1 =a P +(1-a)- EFi/ v j=y
a-P+(1-a) - N (15) Simlarly, if equation (14) holds true, then equation
(8 O RSt DRg B Codhred. plcraronnd axea o the uncovered
background area, and outputs the generated area information.
Fig. 44 illustrates the determining proEessing |
performed by the identification'unit 281. In Fig. 44,
5 symbols A.and B indicate an uncovered background'area and a
covered background area, respectively. In Fig. 44, symbols’
a and b indicate designated pixels. 1In Fig. 44, symbél v
indicates a motion vector.
When a designated pixel is poeitioned,at the leading
10  end in the direction in which a foreground image object
corresponding to the foreground object is moving} the
'designated_pixelrbelongs,to'the covered background area.
When a designeted pixel is positioned at the trailing end in
‘.the direction in which a foreground image object
15_ correeponding to the foreground object is moVing, the
t'designated pixel belongs_to the uncovered backgfound area.
Therefore,'the identification unit 281 determines, based on
the position of a designated pixel.belonging to'the mixed-
_atea, that the designated pixel belongs to the uncovered
_20 -Eackground area when a pixel the position of which is
:pointed-by the motion vector belongs to the.foreground area.
AWhen the p051t10n of a deSLgnated pixel belonging to the
‘mixed area is p01nted by the motlon vector, the

,1dent1ficatlon unit 281 determlnes that the deSLgnated plxel

-_:25' belongs to the covered background area based on the p031t10n




C=a- N+ f y+v-1 a-N+(1--' a)- EFi/v i=y (16) = a-N+(1l-a)P In equations
('15). and (16), C, N,'and P are known pixel val ues, . and 191Jen yoosar i abl e
contained in equations (15) and (16) is the mxture ratio a. The relation
between C, N, 15 and P in equations (15) and (16) is illustrated in Fig_
51. .Synbol -C indicates the pixel value of a designated. pixel in frame #n
~for which the mixture ratio a.is determined. .Synbol N indicates the pixel
val ue of .a pixel in frame' #n+l wmhjgh.- corresponds to'the designated pixel
in the spatial -20 direction. Synbol P indicates the pixel value o.f.a
pixel in frame #n-1 which corresponds to the designated pixel in the 19
- Januar 2006 tial gireftlon Since one variable is contained in
6y

[
each o eauBFFSﬁEerTi%§gaﬂﬁx? PREPT Xt Rhﬂlﬁ9$Qﬁrqqﬂ§Fﬁ§&ﬂS in the
three fra ed o d ter ne the m xt ratlo a. The 5 correct
m xture ratmlﬁg ;E?Lga‘%esbs It%téorrm Dy b1 iRy & P&]fgrﬂ:@)d a%83(16) in
dit nts SSOCI ted with the -m xed
gfga'a?gnagagggabgﬁeahﬁacﬁ fg@ﬁ?S%ﬁ%roﬁgon? éF %; ured when the

fOregrﬁﬂBQeQQEQthh§c§t§§'%Q?ermeae?PiEge YéeHEff?ca%Qoﬁoﬂ%$Eu5b¥e pi xel's

'_mhlch are p05|t|oned at a boundary o
5 " is described below with reference to the flowchart of Fig.

45.

In step 5281, the identification unit 281 determines
whether or not the designated pixel is positioned at the
leading end in the moving direction of the foreground object.

10 If it is determined that the designated pixel is positioned
at the leadipg'end in the moving direction of the foreground
l-_dbject, the process proceeds to step S282 in which it is
~determined that the designated pixel beloags to the covered
- background area; and then 'the process ends.
15 : If it is determined in step 5281 that the designated
- pixel is ﬁqt positioned at the leading end in the-moving
direction of the foreground_object, this means that the
designated pixel is.positioned'at the trailing end in the
mOving direction of the foreground object. The process then
':20 -proceeds to step 5283 in- which the identification unit 281
:Qetermlnes that the designated pixel belongs to the
uncoVered background area. Then the proCess eada
As dlscussed above, the area specifying unlt is able to
. 'determine, based on the motlon vector, whether a de51gnated

) 25'Vplxel belonglng to the mixed area belongs to the covered




.image object the direction in which the foreground object is noving are
constant, where the number of consecutive pixels s twobijaRfartS®eanount
of novenment v. As discussed above, the mixture ratio a of the pixel. 15
bel'onging to the covered background area is determ ned by ...equation (17)
while-the mxture ratio a of the. pixel . belonging to the uncovered-
background area is determned by equation (18): a = (C- N/(P.- N (17)
20a .= (C- P)/(Np) (18) Fig. 531ies-a block diagramillustrating the
conflguratlon of the estimated-m xture-ratio processor 401. The frane.
menory 421 stores an |nput |nage inunits of franmes, and supplies a frane,

h t
T BB Mo Ll St D pag ke pogdt Sheaeur o 1t 1o cal Su?atgr
f f
et L@%ﬁﬁ”&%gﬁﬁﬁoﬁkﬁéﬁﬁéﬁé LLPHb TRt Paln' ool i ed from t o
frane gs®rghddton O Mge mlwr% g&t%' %aggg&a' gt on 4423. p\hen frame #n+l

is input to the mxture-ratio ator as an |nputAPnage the frane

Tﬁ”ﬂ”)eéﬁﬁhaﬁﬁaﬂﬁlk%%rEL%E%1%”p&%c%@%o@‘ﬁb%rﬁai%higtggl% lator 423, and the

frame menory 422 supplies frame ##n-1 to the mxture- rati o cal cul ator
428. estimated mixture ratio for each pixel by calculating a

- model of a coﬁered 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
10 estimated mixture ratio for each pixel by calculating a
model of an uncbvered background area based on the input
image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining portion 403.
Since it can be assumed that the object corresponding
15 to the foreground is moving with constant velocity within

" the shutter time, the mixture ratio o of the pixels
belonging to a mixed area‘exhibits the following
characteristics. That is, the mixture ratio a linearly
changes according to the positional change in the pixels.

20 ~If the pOsitional change in the pixels is one;dimensional a

. change: in the mixture ratlo o c¢an be represented linearly.
'If the pOSltlonal change in the pixels is two—dlmen81onal -a’
'ehange 1q the mixture ratio a can be represented on a plane.

Since the_period.ef one frame-is,shoft; it can be

25 _aseumed thét_the object torresponding to the foreground is a




The m xture-ratio cal cul ator 423 cal cul ates equation (17) to determ ne the
estimated mxture ratio of a designated pixel based on tibgagiaketoo6al ue C
of the designated pixel in franme #n, the pixel value N of the pixel 15 in
frame #n-1-1 which is at - a position spatially corresponding. to the

desi gnated pixel, and the pixel value P of the pixel in frame #n-1 which
is at a position spatially corresponding to the designated pixel, and
“outputs the resulting estimated _mxture ratio. For exanple, when the
background is 20 stationary, the mXture-ratio cal cul ator o

423. determ nes-the estimated m xture ratio of a designated pixel -based on
the.. pixel value C of the. designated pixel in franme #n, the pixel value
N , of FheigiRedy|moyingewiil| cofttomt sveleaited at the sane inter frame
position as_the desjgnated pixel, and the. .25 pixel value' P of-the pixel
in frame #ne Wiak et (e dthed nizture ratder ¢ 2504nversalyt he sane
inter-frane osition as the designated. pixel,. and  outputs. the resulting
esti mREPRTRICREL /501 the FPUN © brdigHAmenh adiihia ShenPROGteT i 0
procesgsor %gl ﬂsaﬁle to calculate the estimated mixture ratio based 5 on
t he ih%d?ei geC ah e PI s it to the mixture-ratio determning portion
403. The egsti - m e-raliq pr.acessor _402.is simjar to the

es?’ i mat ed%?n1 xe{%ﬁrﬁcf%%l}eocl?ses%r H}I‘d%tu&ece]fﬁtjt%éf g hown in B,

esti may-pd- Myd WSsd A0 PIACAIROL A3 GALGHLA 85.59ugLian D (18) to

the e a

det erm ne timated mXture ratio o esi gnat ed pi F while the
esti M Beedl adtdl &ditlBed RIARI¥ed by the reciprocal of the
amount of movement v.
- As shown-in Fig. 47, the ideal mixture ratio a has the
10 wvalue of 1 in the background érea, the value of 0 in the
foreground area, and the value of gregter than 0 and smaller
than 1 in the mixed area.
| In the example shown in Fig. 48, the pixel value CO06 of
the seventh pixel from the left in frame #n can be indicated
15 by equation (4) by using the pixel value P06 of .the seventh

' pixel from the left in frame #n-1.

co6

BO6 /v +B06/ Vv +F01/v +F02/v
=P06/vVv+P06/V+FOL/ VvV +F02/vV _ {4)

| o,
=2/vVv-P06+ Y Fi/ v

. i=1 .
In -equation (4), the pixel vélue C0o is indic§ted by a
.20 -piﬁel value M of the pixel in the mixed area, while the
7 'pixeirﬁalue-POG_is indicated by a pixel vélue B of the pixel
iin the backérQUﬁd area. That is;tthe-pixel Valﬁe-ﬁ of the

pixel in thgrmixed area and the pixel-value B of the pixel‘




401 cal cul ates equation (17) to determ ne the estimated mxture ratio of a
desi gnated pixel, and an explanation thereof. is thus onpUiferydds
Fig..53 illustrates an exenplary estimated m xture ratio determ ned by
theestimated-m xture-rati o processor 401. The estinmated. m xture ratio.
shown in Fig. 53 is showmn per line in the case in which the anount of
novenent. v of the foreground with respect to' an object which is noving 20
wi th constant velocity is 11. As_sQ$@n“in Fig. 47, it is found that the
estimated mxture ratio substantially linearly changes in the m xed area.
Turning back to.Fi.g. 46, them xture-ratio determning 25 portion 403 sets
the m xture.ratio a based on the-area 19 January 2006 - 125 information
suppl i¥dt FroRaHeed sgea cpnneusepPresendsd biyneavatingst d5Whi ch of the
foreground area, the background .area, the covered background area, or .the
uncov %gdkd%ﬁﬁﬁﬁiéﬁ@& the pixel for which the mixture ratio ais 5 to
be calculabfg g%%ongs. The m xture-ratio determ ni ng portion 403 sets the
m xture ratio & to O when the correspondi ng pi xel belong§5{o t he
foregroundgareg,,. and sets the mixture ratio a to 1 when the corresponding
‘pi xel  belongs to the background area. Wen the corresponéﬁhg 10 pi xel

per o L Rt AP LB R Tl S
- esti Mmool BrPROGERSAF v is 4, the mixture ratio o oOf
the seventh pixel from the left in frame #n is 0.5.
As discussed above, the pixel value € in the designated
frame #n is considered as the pixel Valué in the mixed area,
10 while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixturé ratio a can
be represented by equation (7):
C = P+f ' | (7}
7.15 ,whefe f in equation (7)'indicatés_the sum of the. foreground
' “components Z;Fi/v contained in‘the.designated pixel. The
variables contained in equation (7) arée two factors, i-e;{
the mixturé ratio & and the sum f of the foreground
cbmponents. |
20 - Simi;arly;-a model obtained by expanding in the timer
{direction the pixei values in which the amouﬁt of-movementJ
- is 4 and the number of virtual divided portions is 4 in an.
”uncOvered baékdround area-is shown in Fig. 49;
‘As in thelrepresenfation of tﬁecovered-baékgrbuﬁd afea,i

- 25 in the:uncdvered Backgrouhd area, -the pixel wvalue C 6f:the ‘




401 as the mxture ratio a. Wen the correspondi ng pixel belongs to the

uncover ed background area, the m xture-ratio 15 deternlnqggﬁﬁg&}yﬂﬁ 403
sets the estimated mxture ratio supplied fromthe estimie xture-ratio
processor 402 as the mxture. ratio a_ The m xture-ratio determ ning
portion- 403 outputs the mixture ratio a which has been set based on the
area information. 20 Fig. 54 is a block diagramillustrating anot her
configuration of the. m xture-ratdi @qigalcul ator 104. A selector 441
supplies a pixel belonging to the covered .background area and the
correspondi ng pixel in the previous -and subsequent franes to an

estl r éﬁgl rocess I 442 b ed on rea dgnformation
supplie é?% oﬁ?%g anua#&lgﬁg dmi P03, The
sel ectﬂxgtff]al%éopl S A th@ quéglelv%rlgi G toqE tg}e unaﬁ g_r ed back%ﬁéund ar ea

~and the corresponding pi xel he previ ous ANa- s to an

est i Mt Flnd Ure ifAldoh AIRGEIF Us 44 hpssd rea 5 information
suppl i ed fron1the1erea speC|fy|n§ unit 103. r%ghe egginated m xture-ratio

Pr ocegsafo il g}, C Wala@s ore quat 119RichDiRATeE AN b ePirs®lioval ey | nput .

fromthe selector 441 to determ ne the estimted m xture ratlo of the

desi giat etbppieseinteel ®yyicRgalta onhesgaver ed background area, 10 and supplies
the resulting estimated mxture ratio to a selector 444. The

estimated- @i xtare-Nafi o, processor 443 calcul ates equatiqg)(18). based on
t he pi xel value input fromthe
' The embodiment has been described, assuming that the
background object is stationary. However, equations (4)
through (8} can be applied to the case in which the
10 .background object is moving by using.the pixel value of a
pixel located correspoﬁding to the amount of movement v of
.the background. It is now assumed, for example, in Fig. 48
that the amount of movement v of the object corresponding to
ithe background is 2, and th number of virtual diﬁided
;5 portions is 2. In this case, when the object corresponding
- to the background is moving to the right in Fig. 48, the
pixel value B of the pixel:in the background area in |
equation (6) is represented by a pixel value P04. -
 Since equatlons (?) and (8} each contain two variables,
Ae20 _ the mixture ratio a cannot be determined w;thout modlfylng
ithe equations. Generally, images have strong“correlation in
space, in which pixels located in clOse'proximity with each
other have substantially the ‘same pixel value. -

Slnce the foreground components are strongly correlated

25 _1n space, a modlfled equation so as to derlve the sum f of




selector 441 to determ ne the estimated m xture ratio of the 15 designated
pi xel belonging,to the uncovered background area, and syppihgsy $d0%
resulting estimated m xture ratio to the selector 444 Based on the .area
information supplied fromthe area specifying unit 103, the.selector 444
selects the estimated 20 m xture ratio of 0 and sets it as the mxture
rati o a when .the designated-pi xel.-belongs to.the foreground area, and
selects the estimated m xture ratiojnf -1 and sets it as the mxture ratio
a when the designated pixel belongs to the background area_ Wen the

desi gnated pi xel belongs to the .25 covered background area, the selector
444 s #ﬁgtf he 19 anuar 2006 127- estimated m xture ratio supplied

fromthe est ‘?(‘?Tﬁ’ I?%f’f i %rcb‘? dtk Sl RE satesgquent the ni xture

ratio |er bel ongs to the uncovered background

ar ea, P’ﬂe se orcg?fiél ai% ‘? h@eeﬂli’{}a{%?d @Fﬁ%t‘hre rat| o supplied from
t he estlnaﬁ%g tyr I SsQr and_s the mixture ratio
a. The .selec 3%k% %?J%%%Q%h?%ﬁgg'the n%PuPéXF ti Q Pcheft set by

sel ectirprflk@&ethrgﬁ&ﬁl e Z?nf %d*rg%a{ﬁfl e S esscsu %Ejy abovetgr t he

mxture-.ratio cal cul at or as s °054 is able to
cchuI&he the mxture ratlo a for each.pixel contained in the image, and
outputs the calculated mxture ratio a. The cal cul ation processing for the
m xture ragéo a2 perfor by the m xture-ratio cal cul ator 104 confi gured

as (2)
. i=I11

In the first‘term of the right side of equation (9),
2/v corresponds to the mixture ratio . The second term of
the right side of equation (9) is expressed by equation (10)

10 using the pixel value of tﬁe subsequent frame #n+l:

Elev B- ZFz/v | an

i=I1

- It is assumed. that equation (11) is obtained using the
spatial correlation of the foreground components.
F=F05=F06=F07=F08=F09=F10=F11=F12 (11)
15 | By using equation (11), equation (10) can be

represented by equation (12):

FdVM"'F
B,,_F . (12)
' Therefore; B can be expressed.by equation (13):
B =2/4 - | | (13)
-.20 er_  Generally, 1f it is assumed that the foreground

components assoc1ated,w1th the mlxed area are- equal as glven




15 shown in.Fig. 46 is discussed belowwth reference to the flowhart of
Fig..55. In step S401, the mxture-ratio calculator 104 10hhaiRp2@0eea
information supplied fromthe. area specifying unit 103. In step S402, the
estimated- mxture-ratio processor 401. executes the processing for.' 20
.estimating the mxture ratio by using a nodel corresponding to a covered
background area, and supplies the estimated mxture ratio to the

m xture-ratio determ ning-portion 433 .- Details of the processing for
estimating the mxture ratio are discussed.. belowwth reference to the
flowmchart of Fig.. 25 56. 19 January 2006 - 128- |In step S403, the

esti maf ed- m xture- i 0 processor, 402 executes the processing for
esti gfn%ﬂ%éel%l x{ﬁ)e’ BRI uSh Hy %Wmf%%ﬁl&g RigedF uncover ed
backgr r jes the estinmated mxtyre ratio to the mxture 5
ratio ﬁgtr}%}%ng%\egd por'ﬁgﬁé%fd%e Ionhﬁseréep %Afna%é:a%%‘ur e-ratio cal cul ator
104 determ neg whgther the mxture ratios have been estiqﬁysd for the
whole frame. if'it is determ ned-that the mxture ratios é e not yet been
estimted fgr dgharwhel ﬂ1f4f)a'i‘i%11d_%h%r¥:%,p%ﬁ%ﬁsgghﬁkﬁéﬂs {1g é&ﬁpﬁ“.oz’ and the
processing for estimating the mxture ratio r the subsequent "pixel is :

- exBcutexbanddd ids igh et eyidiphdikrst@E)S404 that the mixture. ratios have
been estinated for the whole frame, the process 15 proceeds-.to step S405.

In step S405, the mixture-ratio
C=a-P+fF
TH+V-1 :
=o-P+Q@-0)- ) Fi/v (15)

i=y-
=o-P+{1 -0 -N
Similarly, if equation (14) holds true, then equation

(8) can be expanded as given by equation (16):

10
| C=o-N+f
| = T+V-1 ,
=a-N+{@0~a)- Y Fi/v (16)
i=y

:‘a-E¢+(1f-a)-P
In equations (15) and (16}, C, N, and P are known pixel -

‘ﬁalues,.and the only variable contained in equétions (15)

and {(16) is the mixtur¢ ratio a. The relation between C, N,
15 and_P in equations (15) and (16) is illustrated in Fig. 51.
.Symbol Crindicates the pixel value of a designated pixel in
:frame.#n for which the mixture fatid o is déterminéd:

Symbol N indicates the pixel value of a pixel iﬁ ffamé'#n+1
'ﬁhiqh co;respéndé to the designated pixel in the_sbatial
20 direction. Symbol P iﬁdicates, the pixel value of a pixel in

frame {#n-1 which corresponds tofthe'designated pixél-in-the'.-'




- determ ning portion 403 sets the mxture ratio' a based on the area
information supplied fromthe area specifying unit 103 3pJahjaey @6l NY to
whi ch of the foreground area, the background area, the covered background
area, or'the 20 uncovered background area the pixel for which the m xture
ratio.a is-to be cal cul ated bel ongs. The m xture-ratio determ ning portion
403-sets the mxture ratio a to 0 when the correspondi ng pixel belongs to
the-fore .ground area, and sets 4 hesixture ratio a to 1 when *the
correspondi ng pi xel 25 belongs to "the background area. Wen the
correspondi ng 19 January 2006 - 129 pixel- belongs to the covered
backgr -@Iqﬁmégg¥ﬂjxture- rati o determning portion 403 sets the
~estimated mxture rati o supplied fromthe estimated-m xture-rati o processor
401- as t he gyipgaU rati ; n grr.espondi ng pi xel 5 belongs to the
uncover ed back%r%&ﬁdagkggglfxggnf%pﬁFen?gt?g eﬁ&ﬁe? i RAHGEHBREi on 403 sets
the estligmtad NPE)Ur & Healy S L f t esti mated-m xture-ratio
processor 402 22 )the ﬁ?&?ﬁ?ﬁ'ﬁﬁﬁfﬁgg?f?%gﬁ Eﬁgeéﬁoégsgggnﬁ &8 di scussed
above.Eitdestiodiipe HeelD oAl RilHihel Ul hixtBrabla g gal cylate the
mxture ratio a, which indicates a feature quantify COrresp 8|ng to each
pi Xel coraset aixthee aaedol Of VYabcOdetuRRiLEE bYOTLLYSLEr €a specifying
unit 103, and the input image. The processing for calcufating the m xture
rat i-ocaues igeust dihedabyl heé) ikt ebadheibasCahCwhabar t@4 configured as
shown in-Fig..54 is simlar to that discussed with reference

foreground components associated with the mixed area are

equal, that is, in a foreground image object captured when
the foreground object is stationary, the pixel values of
" 10 consecutive pixels which are positioned at a boundary of the
image object the direction in which the foreground,object is
: moving are‘constant, where the number of consecuti%e pixels
is two times the amount of movement v.
As.discussed above, the mixture ratio d.of tﬁe pixel
- 15 belonging.to the covered background area 1is determined by
-equation (17) while"fhe mixture ratio d-df the.pixei
belonging to the uncoverea background areaiis determined by
eéquation (18):
. asc-m/-N .' an
20 : o= (C - Pl/(N -p). _  ' '(13f
Fig. 52.i$ a block diagramlillustfating‘the
:configurétion of the'estimated—mixture—ratio processor 401.
_The_fpamé_memory 42l‘st6rés an iﬁput.image in units of
Vﬁrames, and~supplies a frame, thch isrone frémé before the -

';25 ' f?ame.iHPUt;as the input image, to a frame memory 422 and.a




to the flowhart of Fig. 55, and an explanation thereof is thus omtted. A
description is now given,.with reference to the 20 flowqbgptuapf2dd69. 56,

of the m xture-ratio estimating -processing by using a nodel of the covered
background area in step S402. of Fig. 55. In step S421, the mxture.=ratio
cal cul ator 423 obtains the pixel value C of a designated pixel in frame #n
“fromthe 25 frame nenory 421. 19 January 2006 - 130- |Instep 5422, the

m xture-ratio cal cul ator 423 obtai n$3 the pixel value R of a pixel in frame
#n-1 corresponding to the designated pixel fromthe frame nmenmory 421. In
'step 5423, the mixture-ratio calculator 423 obtains 5 the pixel value N of
a pixel.ip frame_#n+l corresponding to the designated pixel contained in

t he in%bfg?ﬁﬁbﬁét%?1?ﬁ%ﬁ?%ﬁﬁé& 4% mixture-ratio cal cul ator 423 cal cul ates
t he estina%gg j xture ratio sed on the pixel value C of the designated
pi xel in frame #o FEYS Yella7aPioTEs ﬁgﬁflpﬁétpPWéHeianﬂﬁhﬁs#ﬁfl, and the

pi xel - N. t ixel_in frame #ntl.. In step 5425, the m xture-ratio
Lhoies g %QEPﬂEggaﬁmék S SRS ithenss dirmite PefiokEutEer at i o

cal cul ator 423 de m nes

cal cul gfipn ﬁgﬂ&ﬁhseﬂ 'ﬂ:dn? tq'pe{TFH dJe?t{oétyh%Z\ﬁhOlt%urtb%@Bﬁ.x:l};lgégsiS;[ nigsi s not

determ ned t the est1 nmat ed-m xture-ratio“ ¢al

- cospl et rathg W efyane, the process returns to step S421, and the
processing for ‘

When frame #n+l is input to the mixture-ratio
calculator 423 as an input image, thé frame'memory 421
supplies frame.#n to the mixture—ratid calculator 423, and
the frame memory 422 supplies frame #n-1 to the mixturé-

.10 ratio calculator 423. |

The m}xture~ratio calculator 423 calculates.equation
(17) to determine the estimated mixture ratio of a
designated pixel based on the pixel value C of the

designated pixel in frame #n, the pixel value N of the pixel

15 in frame #n+l1 which is at a position spatially corresponding

'to the designated pixel, and the pixel‘value P of the pixel

in framer#n—l which is at a position spatially ébrresponding
to the designated pixel, and outputs the resulting estimated
miXture_ratio._ For example, when the backgréund‘is. |
,20’-_stationary, the mixture-ratio calculator 423 deétermines ‘the
.estimated miiture'ratio of a designated pixei-based on the
 pixel value C of the desiénated pixei in frame #n, the pixel
Lyalue N of the pixel'in'ffame-#n+1 which is located at the
“same_intetéframe,position as the &ééighatéd pixél, aﬁthhe-

25 pixel value P of the pixel in frame #n-1 which is located at



calculating the estimated mxture ratio of the next pixel is repeated. 20
If it'is determned in step S425 that the estimated- ”‘thﬁﬁn{ 2@06

cal cul ation processing is conpleted for the whole frane process
ends. As di scussed above, the estinmated-m xture--ratio' - processor 401 is
able.to calculate the estimated mxture 25 ratio. based on the input
‘image. 19 January 2006 - 131- The mixture-ratio estimating processing
by.using a nodel corresponding toitdae.~ uncovered background area in step
S403 of Fig. 55'is simlar to the processing indicated by the flowhart of
Fig. 56 by. -using the equations 5 corresponding to a nodel of the uncovered

back grQHD b e 3 e AN A y'sai%n%st TS e it B e s

esti nat ed ure---ra rocessors 54 execute

I t A rtdlntheflowchart of Fig.
SLM | PudACLSHNGdRuihg RAGGRIDD didilfld 38

56 to 10 calculate t Uré rati o, éﬁd an expl anation

t her eof - | SIhhl&ﬁlgn}uhhﬁ@r,Tlﬂﬁee@?;@ghﬁ%gh—ﬁﬁ ﬁgsnrgﬁsrg%eesg%z%um ng that

the object corresponding to th ackgroun I's station wever., the

above-abas i bafl drecessicia el R edabied B krl Ui palke 2 can be

applied even if the image corresponding to the bac ground area contai ns
nobi omn Fdle impartplimaged, hel istRga ieer HeSRNEnRInE R thRe- %%&around area 1s

uniformy nmoving, the estimated-m xture-ratio processor
determlnlng portion 403. :

- The estimated-mixture-ratio processor 402 is similar to
thelestimated—mixture—ratio processor 401 except that the
estimated-mixture-ratio proéessor 462 calculates equation

10 (18) to determine the estimated mixture ratio of a
deSignated pixel while the estimated—mixture—ratio-processor
401 calculates equation (17) to determine the-estimated
mixture ratio of a designated pixel, and an explanatién
thereof is thus omitted-
15 . Fig.. 53 illustrates an exemplary estimated mixture
.gratio determined by the estimated-mixture-ratio processor
401. The estimated mixture ratio éhown in Fig. 53 is sgown
per line id the case in which the amount of movemeﬁt-v of
-‘thé'foreground_with'réspect'tofan object which is moving
20 - with constant vélocity is 11. |
| "As shown in Fig. 47, it is found that the estimated
mlxture ratlo substantlally 11nearly changes in the mlxed :
'area | |
Turnlng back to Fig 46, the mlxture ratio determlnlng

“,25 portlon 403 sets the mlxture ratlo o based on the area




- ;401 shifts the overall inmage in accordance with the notion 20 of the
background, and performs processing in a manner simlar 49 jhhgrFeas | n

which the object corresponding to the background is stationary.. |If the

i mge corresponding to'the background area contains. locally different

noti ons of -background, the estinmated-m xture-ratio processor 401 2.5

selects the pixels corresponding to the-notions.of 19 January 2006 - 132-

background as the pixels bel onging tgst he m xed. area, -.and executes the

above-descri bed processing. The mixture-ratio calculator 104 nay execute

the m xture-ratio estimating processing on all. the pixels only 5 by using

a nodel; 9 _the covered background area, and_outputs the

di ,
caIculéﬁgg&égiﬁﬁgtéggﬁﬁ%Fﬁr r?gt% ea§rthgpﬁF% UrBIr 4pts 493 Afhi s case,
th i ) i indi h ti f. the b ts f
Lhe Mihdigaidhioo B Wbkt B o A B hRga R B e ORI ont o5 Lhe
ratio aethecharedveyad FAERAPEELT hokalNE, PhyChf-BsLenging to the

uncover ed background area. ncerning thé pixeéls ongrng to the

uncovebadikaaokiuounda ehedpikbe BBEOLMIEHY BhienPkt he flLiigraneg bet ween
a , ahn el

the calculated m xture ratio a and'l 1.s determ ne cal cul at ed

abs®| ute wal valtalased BS16Mgs i XtHEEnE dtiPearat THelettPRiaigyal processing
apparatus is able to determne' the mxture ratio a indicatihg the ratio

of thepbatkgnodod sebspomenhsxteret hetpbxe! sobe! wiehngnto t he uncover ed.
background ar ea. - o

: -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

10 pixel belongs to the covered background area, the mixture-
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

15 determining portion 403 sets the estimatedAmixture ratio

" supplied from the estimated-mixture-ratio processor 402 as

the mixture ratio a. The mixtuge—ratio determining portion-
403 outputs the mixture ratio « which has been set based on
the‘area information. |

20 ‘Fig. 54 is a block diagram iliustrating another

._configuration of thejmixture—ratio calculator 104. A

seléctor.441 supplies a pixel belonging to the covered
lbackgtound area and the éorresponding pixel in the previous
;and'sﬁbseqﬁentfframesqﬁo an~estiﬁafedémixture—fatio-“

f‘25:‘progeSSor‘442 based on'ﬁhe area.informétion supplied from -




20 Simlarly, the mxture-ratio processor 104 may execute the

m xture-ratio estimating processing on all the pixels onbyafargsi0sg a
nodel corresponding to the uncovered background area, and outputs the
calcul ated estimated - mi xture ratio as the mxture ratio a. 25 The

m xture-ratio cal cul ator 104 which cal cul ates the 19 January 2006 - 13 3.

m xture ratio a by using the linearly.changing m xture ratio a is

descri bed bel ow. As described abevepsési-nce equations (7) and (8) each
contain two variables, the mxture ratio-a cannot be 5 determ ned w thout

- nodi fying the equations. The m xture ratio a linearly changes in accordance

wth e J e .pasi. 1. f. the,pi xel,s heca t he qhj ect
correstgloér:l(hﬁa’{ll:é11 tggét({%%fl 21 eg'jlﬁn 3‘%&?%35' rrg['\;]lenﬁ%et 'Ofo@telaﬁtup eSGcifty. By
utili 2Rt K (%ﬂﬁr I izt i in. .10, which the, m xture ratio a
and tégggﬂhﬁkﬁb t’§F?§}ég%%Eﬁﬁiﬁﬁﬁ%%ﬁ%ﬁ%%iﬁ%?%%qﬁﬁﬁﬁ e&"n t he spatial

di I eCtdatfy etndily] pibda inPYndl Hrlet/i0% s RIS ehanQl, e Pl xel
val ues of the pixels belonging to the mxed area a e pixel val ues of

~the piateles dial-red-fd <tOrkhe ek 9roted s3rea 3158 eAULEOAE LN Whi ch the
mxture ratio a and the sumf of the foreground conponents are _

- appr oiinfetradidon sobpe@ded Whem &hehanga spebth®yiligXLHA® figh0 a is.
approximated as a straight line, the mxture ratio a can be expressed by -
equati on (IBg. e80imatedtmpxtdbg-ratio processor 442 calculates
equation (17) based on the;pixellvalue‘input_from the
selector 441 to determine the estimated mixture ratio of the
designated pixel Belongingzto the covered background area,
10 and supplies the resulting;estimated mixture ratio to a
_Selector 444, | |
The estimafed—mixture—ratio.pfbcessor 443 calculates
equation (18). based omr the pixel value input from the
selector 441 to‘detérﬁine ﬁhe eétimated mixture rafio of the
15 deSignated.pixel belonging to the uncovered background area,
':and_suppiies the reSultingiestimated mixture ratio to the
selector 444. | | -
‘Based on the area info?mation supplied from the area
specifying unit 103, the selector 444 selects the estimated
20 mixture ratio of 0 and sets it as the mixture ratio « wheﬁ'
- the designatéd-piXel:belohgs to the foregro&nd area,rand
..selécts £he estimated mixture ratio-of 1 and sets it-as the
mixture ratio o wheﬁ thé designated pixel belongs to the
;bacﬁgroﬁnd'érea.' Wheh“the desiénatéd'pixei beléngs éq ‘the

.25 "éoveredrbaCKground area, the selector 444 selects the




In equation (19)., i indicates the spatial index when the position of the
designated pixel is set to or 1 designates the gradi ent j0f5a4 stg@i ght
line of the mxture ratio.a,' and p designates the intercept of the
straight line of the 25 mxture ratio a and al so indicates the m xture
ratio a of- 19 January 2006 - 134- - the designated pixel. In equation (19),
the index i is known, and the gradient 1 and the intercept p are unknown.
The rel ationship anong the index+ 12%e gradient 1, and the intercept pis
shown in Fig. 57. In Fig. 57, the while dot indicates the designated

pi xel , and the black dots indicate the pixels located in close proximty
wth't : i i . By, r:0xi naf | the mxture ratio a as °

equat iég)ﬁt%%%gq?%&a?ﬁvcgfsﬁgﬁfle%?dﬁ %th ey éﬁag:se UGS ural ity
Of 10 PioRd iiibdify XY LGRA S 0 VA 1R G il d G 9XRARPI @ shown Tn
Fig. 57, the five mxture ratios for five pixels “are expressed by the-two
vari aliesn the.ded fghHadignie1l rNGnddad NS GG RrMhen-the mixture
ratio a is approximated in the plane™ 15 shown In Fig. 58, equation (19) is
expandestkqtcuidiesplanahe B Iceniderd Ngsd he: P @ERIs t ng@khespondi ng to
the two directions, i.e., the horizontal direction and the vertical

di Bectiigtwfe trwet iavegmpldrd tfremTithelles tiatdt@ B rdat uke - raxphressed by .
equation (20) In Fig. 5,8, the white dot 20 indicates the designated pixel.
.a, = Pnegderar (0 and sets it as the mixture ratio a. The

selector 444 then outputs the mixture.ratio o which is set
by selection based on the area information. |
As discussed above, the mixture-ratio calculator 104
10 configured as shown in Fig. 54 is able to calculate the
miXture ratio o for eachlpixel coﬁtained in the image, and
outputs the calculated mixture ratio «.
The calculation processing for the mixture ratio o
performed by the mixture—ratio calculatdr 104 configufed as
15 shown in Fig. 46 is discussed below with reference to the
 flowchart of Fig. 55. In step s401, the mixture-ratio
calculator 104 obtainsrafea information supplied from'fhe
area specifying unit 103f In step S402, the estimatéd;
'3. mixtﬁremratio proéessor 401 executes the processing for.
20 estimating the mixture ratio by using a model cofreSponding
to a cdvered background afea, and supplies the estimated |
_mixfuré fatio to‘the_mixtpre—ratio determining. portion 403.
 Details of the proceséing for estimating the mi#ture ratio
:are'diséussed,bélCW with referenqé to_thefflowchart-éf.fig_t

25 .56,




In equation (2.0), j is the index in the horizontal direction and k is.
the index.in the vertical direction when the position ofjotagyfeso@nat ed
pixel is 0. In equation (20), m 25 designates the horizontal gradient of
the mxture ratio a in 19 January 2006 - 135 the plane, and g indicates
the vertical gradient of the mxture ratio a in the plane. In equation
(20), p indicates the intercept of the mxture ratio a in the plane_
respectively. Q05 = a05BG6/ v+f O 1 = (x06i BO6/ v+f 06 CO7 = a07BCW{v+f07
For exanple, in frame #n .shown in Fig. 48, equations (21) through (2'3)
can hold true for Q05 through CO7, (21) (22) (23) 10 Assum ng that the

_ it ' N i1, t. .t h _each er are
cqual’ To cach o R R SR Mo F L A0 o (29)

equal to each other, O

hol ds estediftdyy’ e |ed s 1@y YO Ut HO3 Yy RGe fn(ié?tu:re( ]fa(i?&@(ﬁ)l%{ Fc (2. 4)

15 I'n equation (24), x indicates the position in the spatial ection.
Wien a(sing s efllaced-rusRAETHP T 20) wRBAIIRD Hrd grAid 08 £Xpressed
by equation (-25). 20
- and supplies the estimated mixture ratio to the mixture-
- 5 ratio &etermining portion 403. |
In step 5404, the mixture-ratio calculator 104
determines whetherlthe nixture ratios have been estimated
for the whole frame. 1If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
10 process returns to step S402, and the processing for
estimating the mikture ratio for the!subsequent pixel is
executed.
If it is determined in step $404 that the mixture
rétios'have.been estimated for the-whole frame, the process
15 proceeds to step 5405. 1In step 5405, the mixture-ratio
.-determihing portion 403 sets the mixture ratio « based on
the area infprmatioﬁ supplied from the area specifying unit
103 and indicating to which of the foféground area, tﬁe
background area, the covered background area, or the
20 unCdvered‘baquround area the pixel fbr which the mixture
‘fatié_a'is-tb be»caICulatéd belongs. The mixture-ratio
-determihiné portion 403 sets the mixture ratio a to 0 when
theACorrequnding piiel belongs to the foreground area, and
sets thé ﬁixturertatié o to lrwhehfthe cdrrespohding-pixel

25 belongs,to the baCkground area. When the corresponding:




f (x) = (1- (j mkg+ .Fc = j.(-nFc)+k. (-qFc) +((1-p)Fc) js+kt+u (25). In
eql(Ja%ion((25§J (- ﬂFEg )( gFc),- and (1--p) +. Fc are respeqbinsglayy 2008p! aced,
as expressed by equatlons (26) through (28),_ 25 s = -mFc (26) 19 January
2006 -- 136 t = -gFc (27) u (1-p) Fc (28. ) I'n equation. (25), j is the
I ndex in they horizontal direction and k is the index in the vertical
direction when 5 tie position of the designated pixel is 0. As discussed
~above, since it can be assuned thatld*he- object corresponding to the
foreground is nmoving with constant velocity within the shutter period, and
that the foreground conponents positioned in close proximty with 10 each

other pigeUnbEPsRysthe EKE Ofvihea fisy QIONHLS 1 ;GA0 De
approx?na?ed by g%iatlon (25)v When tf?grnx ure rdtlo aﬁﬁ?OX|nated by

t bilo Hévermimen efidhesd Pregro ofelgse] RS expressed by
Zqﬁa[?zﬂ (39) 'Tg f (€;§E:|§+u (29) By ﬁ2§1a0|n Qﬁ% #?%?ﬁre ratio a and'

the sumabiotéepplied from the estimated- mlxture ratlo processor
401 as the mixture ratio o. When the corresponding pixel_
5 belongs to_the uhcovered vackground area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio .
supplied from the estimated-mixturé-ratio processor 402 as
the mixture ratio a. Then the process ends.
As diecussed above, the mixture—ratio calculator 104 is
10 able to calculate the mixture ratio o«, which 1ndlcates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 103,
and the input image.
The procesaing for caLculating the ﬁixture ratio «
15 performed by the mlxture-ratlo calculator 104 conflgured as
- shown in - Flg._54 is similar to that discussed w1th reference
to the flowchart of Fig. 55, and an explanation‘thereof is
thus omitted.
A description is now glven, with reference to the :
20 _flowchart of Flg 56, of the mlxture -ratio estlmatlng
-processlng by using a model of the covered background area
Cin step 8402 of Fig. 55.
Tn step $421, the mixture-ratio calculator 423'obtains
" the plxel value C of a deSLgnated plxel in frame fn from the

25 "frame memory 421,




- foreground conponents in equation (9) by using equations (20) and (25):
t he gjxel valgg M can be expressed by equation (30). .20 1¥yadary2d0stp) ' Bt
j s+kt+u j.B+m+kB. gq+Be. p+j s+kt+u (30) In equation (30), unknown variables
are six factors, such as the horizontal-gradient mof the mxture ratio a
,the. plane, the vertical gradient q of the mxture ratio a in. 25 the
plane -and-the intercepts of the mixture ratio a in the 19 January 2006 -
137- plane p, s, t, and u. Mrelspeeifically, according to the pixelsin
close proximty with the designated pixel, the p| xel value Mor the pixel
value B .is set in the normal equation given in equatlon (30) _ Then, a

h t he plxel
Jalue B .ys‘*Ele?%;%ﬂ?4?%?3‘5&%”%%{%3%2%%@&%%&1 5 éetsauﬁﬁasoﬁﬁﬁé?aby
cal culgd g xdih&-Aind W & & ? ), ':18{ %gt{g)lﬁi 1 e har E%g‘l? [ ndex j of

t he- designated 10 pixel 1is ve[tlca % s set to
0. Thai ddEgiateld wilxa MiQm tﬂ?ﬁe Birsele s set'in.the normal.
equation given in equation (30) for 3x3 pIX Iocated close to the

desi gnat ed Ipi ¥ekp bReBebYhebhakbipg— rsayat bameuﬁé&rt Qé@usﬂt Bs)_ 15
Mz,-i = (-1) Bx,-~m+ (-1) Bi,-~g~ B -i,-1P--+ (-]) - +t +u (31)

5 the pixel value N of a plxel in frame #n+1 correspondlng to
the designated pixel contained in the input image.
In step 5424, the mixture-ratio calculator 423
- Ccalculates the estimated mixture ratio based on the pixel
value C of the designated pixel in frame #n, the pixel wvalue
10 P of the pixel in frame #n-1, and the pixel value N of the
pixel in frame #n+1. | |
In step S425, the mixture-ratio calculator 423
determines whether or not the estlmated—mlxture ratio
calculation proceSSLng is completed for the whole frame. If
15 it is determined that the estimated-mixture-ratio
- calculation processing is not completed for the whole frame,
the process,feturns to step 5421, and the processing fet
—calculating the estimated mixture ratio of the next pixel is
repeated.
20 - If-it'is determined in step $425 that the estimated-
- mixtureeratiercalculation'processing is compieted for the
.wheie-freme, the. process ends. |
| AS'discussed abeVe, ﬁhe estimated-mixture-ratio
proéesser 401 is ableeﬁo calculate fheestimated mixﬁﬁre

25  ratic based on the input image.




M, -1 = (0) Bo,-1m+. (--1) Bo,-1g+Bo,-1p+ (0) s+ (-1) t+u (32) M, -1 =
(+1)" B+y, 1m+ (-1) B+l,-1g+B+i,-lops' (+1) s+ (--1) t+u 30 jhmmty 2006 O =
(-1) B-1,04m+ (0) B-1,0q+B-1,0p+ (-1) es+(0) t+u (34) M),0 = (0) Bo, a mt
(0) Bo, og+Bo, op+ (0) .s+ (0) t+u .(35) 25 M+ 0. = (1) Bfi,omt (0)

B+1, oog+B+1, 0.p+ (+i) s+ (0) etu 19 January 2006 - 138- '5 (36) M1,+1 =
(- 1) B 1,+1.m- (+l) B 1,+ig+B 1, +1p+ (0) s+ (+) et+u (37) M, +H = (0)
Bo, +| mt (+l) Bo, +1g+Bo, +1p+ (-1) s#H3I#1 t+u (38) M1, +1 = (+1) B+1, +1m+
(+1) B+1, +1g+B+1, +1p+ (+1) s+ (+1) t+u (39) Since the horizontal index j
of the designated pixel is .0, and the vertical index .k of the designated

pi xel -is OuThe]-Qﬂﬂ)Jﬁﬁ”@Jitalﬁl% etk 191 z{}%ce%%%%”ﬁ eﬁseﬁgeg is equal to

the value when j is 0 and is O-1n e i on dihy n1xture ratio
a is. ef@l teotReshotEr mo i) o e (20 on nine
equations, i.e., é%uatﬁgﬁs (31) through (39). orlzontnl dlent m

the ve340sabr Ry grislientsiiand ﬁ&ﬂ:hé\tgﬁf&ﬁgsirﬁ; ihdiloataadp ar?
calculated ..by the method of |east squares, and the intercepf pis
the flowchart of Fig. 56 by using the equations
5 corresponding to a model of the uncovéred background area,
and an explanation thereof is thus omitted.

The estimated-mixture-ratio. processors 442 and 443
.shown‘in Fig. 54 execute similar processing to the
processing illustrated in the flowchart of Fig. 56 to

10 calculate the estimated mixture ratio, and an explanation
thereof is thus omitted.

The embodiment has been described, assuming that the
objécthcorresponding to the background is stationary.

- However, the above;described processing for calculating the
15 mixture ratio o can be applied even if the image
R corresponding to the baCkground'area contains motion. For
eXample,.if the image correspondino to the background area
is uniformly moving, the estimated—mixture—ratio processor
j401 shlfts the overall 1mage in accordance with the motlon
20 - of the background and performs proce851ng 1n a manner
similar to‘the case in which the object correspondlng to the
"background is stationary If the image correspondlng to the
background area contalns locally different motlons of

=background the estlmated—mlxture ratlo processor 401

-_725- iselectsrthelplxels correapondlng to the-motlons of




output as the mxture ratio a. A specific process for calculating the
mxture ratio a by applying the nethod of |east squares ibgadfary 2dd6ows. 20
. When. the index i and-the index k are expressed by a single, index X,
the rel ati onship anong the index i, the index'k, and the index x can be
expressed by equation (40). x = (j+l) 3+ (k+l) (40) It is. now assuned
that the horizontal ggradient m the 25 vertical gradient g, and the
intercepts p, s, t, and u are 19 Jddfary 2006 - 139 expressed by vari abl es
wo, wi, w2, w3, w4, and w5, respectively, and jB, kB, B, _j, k and 1 are
expressed by a0, at, a2, a3, a4, and a5, respectively. In consideration of
the erpack@XourdUas i ans i3d1d oL i&@)t&%ebﬁxi%@ﬁr%%i IO equation

(41). 5 &k =Z ay - w + ex y=o (41). Tn equation (41), Xx. Is any one of
the i ntegeunises rae Giors-dedptitdd D IprdbdssGaiy.be found from equation (41). 5
ex = MK - - Zay - wy y=6 (42) 10 Since, the nethod of |east squares is

appl i ed, tHhe stmineesumtEootalbalatper 108 aefi srdcasef ehkows, as
| mixture-ratio estimating processing on ailAthe pixels only
5 by using a model correspbnding to the coﬁered background
area, and outputs the calculated estimated mixture ratio as
the mixture ratio a. In this éasé, the mixture ratio «
indicates the ratio of the background components for the
pixels belonging to the coﬁered background area, and
10 indicates the ratio of the foreground com@onents for the
pixels belonging to the uncovered background afea.
Concerning the pixéls belonging to the uncovered background
area, the absolute value of the difference between the
calculated mixture ratio o and 1 is determined, .and the
; ;5 calculated absolute value is. set as the ﬁixture ratio «.

. Then, the signal processing apparatus is able to determine-
the ﬁixture ratio « indicating the ratio of the background
components for the pixels belonging to the uncovered
background area. |

QOA_ " Similarly, the mixture-ratio processor 104 ﬁay.executé
the mixture—fatio estimating processing on éll the pixels
only by ﬁsing a.model.corresponding-to the uncovered-
background area, and butpﬁts the calculated estiméted

;mixture.fatio as the mixture Fatié o |

25 - The mixture-ratio calculator 104 which calculates the -




expressed by equation (43).. a E = Yex2 x=0O (43) In order to mnimze the
erPor, t he %ar?ial 15 gif%erential val ue of the variable1vwmmmhnynﬁspect to
the square sum E of the error should be 0. v is any one of-the integers
fromO to 5. Thus, wy is deternmined so that equation (44) is satisfied. aE
C w 8 aex 2 Zex X=Qaw 8 ex -av''= 0 x=0 20 By . substituting equation
(42):. ' into equation (44'), 19 January 2006 - 140 equation (45) is
obtained. 8 5a. (av. Eay -. wyl3adv—~ M x=0 y=0 x=0 For exanple, the
sweep-out nethod (Gauss-Jordan (45) elimnation) is applied to six

equati ons obt ai ned. by ‘
mixture ratio a by using the linearly changing mixture ratio

o is described below.
As described,abqﬁe, since equations (7fdand (8) each
~ contain two variables, fhe mixture ratio -« cannot be
5 - 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
10 which the mixture ratio o and the suﬁ'f_of the foreground
components are approximated in the spatial direction can
hold true. By utiiizing a plurality of sets of thelpigel
values of the pixels belonging to the mixed area.and the
pixel values of the pixels.belonging to the ‘background area,
15 the equatlons in whlch the mlxture ratio o and the sum £ of
.the foreground components are approx1mated are solved.
When a change in the mlxture ratio « is approximated as
a stralght line, the mixture ratio a can be expressed by
equatlon {19} .
20 o = il+p o . (19§
In-eQﬁatiOn (19}, i indicates the spatial index when the
-rposition-Of the designatéd pixel is set to 0, 1 designates
 the gradlent of the stralght line of the mlxture ratio .o,
and p deSLgnates the 1ntercept of the straight line- of the

© 25 mixture ratio o and also indicates the mixture ratio a of




5 substituting one of the integers fromO-to 5 into v in equation (45),
thereby obtaining wy. As stated above, wOis the horizonpghmgepeiosnt m w
is the vertical gradient q, w2 is the intercept p, w8 iss, v is t, and
Ws is u_ As discussed above, by applying the nethod of |east 10 squares to
t he equations in which the pixel value Mand the pixel value B are set,
the horizontal gradient m the ver?ical gradient g,-and the intercepts p,

s, t, and u can be determ ned A dé éifbtion has been given with reference

to 15 equations (31) through (39), by assum ng that the pixel value of the
pi xel contained in the m xed area is.M and the pixel value of the

pi xel -htdgHiamated e X¥sdck grioumdiuatdan s(19B., lohet Anslexadeisit is necessary
to set normal equations- for-each of the cases-where the designated :
pi xel -krewrg @det dihee@nadiemd dowarde dHeadikgreowreg tapeareonnkhewdesi gnat ed

pi xel- is contained iin the uncovered background area. For exanple, if the
mxture . Fagi §elakigpspap preeo thendarsediinthhegteadbert backydound area
in frqgg%#n shown .in Fig. 48 is determ ned, C04 through CO8 of the pixels

in 19 lhﬂﬁ??ﬁﬁﬂg ) f@lShPW§nén#ﬁ?§hd5ﬁhe Bix EiL9vaPdes the4whhi6ugh P08 of
rati o oA Ror e GredeRal R L uAdey ShedbbackoRabnd area 1n {1 ame
{0 ShayichiE Bnethakia s UELERIL IR pIGEE HacRuRt Al A Do L
designated pixel.
By approximating the mixture_ratio o as equation (19),
a‘plurality of different mixture ratios a for a plurality of
10 pixels can be expressed by_two variables. In the example
shown in Fig. 57, the five‘mixture ratios for five pixels
are expressed by the two variables, i.e,, the gradient 1 and
‘the intercept p. | | |
When the ﬁixture‘ratiq a is approximated in the plane
: 15. shown in Fig. 58, gquation (19} is expanded into the plane’
.. by considering -the movement v correspohding 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 (20)." In Fig. 58; the white dot
20'.indicatés‘the desiénated pixel.
_a{=_jm+kq+p o ) . (20)
In equétion (20), J is the index in the'horizoﬁtal direction
‘and k is the index .in the‘verticai direction when the
':pqsitioh:of the designated pixel is 0. In‘equafion (20}, m

'-,25 designatéé'the horizontal gradient of Ehe mixture ratio « in




are set in the normal equations. Moreover, if, for-exanple, the m xture
ratio a of the pixel contained in the covered background gay howg i n
Fig. 10 59 is:calculated, the follow ng equations (46) through (54) are
set. In Fig. 59, the white dots indicate pixels considered to belong to the
background; and the black dots indicate pixels considered to belong to the
m xed area. The . pixel value of the pixel for which the mxture ratio a is
15cal culated is M5. - Ml =(-1)+Bcltem—(--1) Bcl +g+Bcl p+ (-1) s+ (--1")
t+u(46) M2 =(0) Bc2mt+ (-1) Bc2qg+B.c2p+ (0) s+ (-1) +t+u(47) 20- M3(.+1)

4i Bc3m+ (--1) Bc3.g+Bc3p+ (+1) .s+ (-1) t+u (48) M4(-1). Bcd.m+ (0)

+Bc4q+ . 1 + ) B chq+Bc5p+ (0) s+
(0) ;tEﬁ%sg}?ﬁf’9h?§n3a?§d%§géé? tﬁ%“@%ééQba% §§§§9é9&‘?9 c6q+Bc6p+ (+1)
s+ (0)mlikBurb5EheM67 = in( thd (+ p tl)eltu (52) 5
M8 = (0) Bc8m+ (+1) Bch+.Bc§ ZH& kh 5§a§f?§ﬁ 2& b% §nd£c£%eé

~ (+1) Bcon( ih);éB@&gtB@@pthélﬂx.eﬁﬁﬁfé)fau165&) inFERe i&;% ating the mxture
ratio a of the pixel 10 contained in the covered background area in frane
#n, the piRet mdub[s]SeBCintfH‘amtgf#rBC&}@fmtm }mg(elqsa ,Ofedulg: ikkagkgr ound

5 {21) through (23} can hold true for C05 through CO7,

réSpectively.
CO5 = q05eBO5/v+£05 | (21)
C06 = 068BO6/V+E06 (22}
CO07 = a07«BO7/v+£07 (23)
10 Assuming that the foreground componénts positioned in

close proximity With each other are equal to each other,
i.e., that.FOI through FO3 are equal, equation (24) holds
true by replac1ng FO01 through F03 by Fc.
- fx) = (1-ot(x) ) sFc ' (24)
15 1In equation (24}, x indicates the position in the spatial
'idirectioﬁ. | o | |
When o{x) iS‘repla¢ed by equation (20), equatioﬂ‘j24)
can be expressed by equation (25). _
| £(x) = (1-(jmtkqsp) ) eFc
20 = jO(—m!Fc)+k-(—q§Fc)+((lfp)-Fc)
- = jst+kbt+u ' ' _ : o ' {25}
In éQﬂation {25), (;mch), (-geFc), and (1-p)eFc are
,replaced, as expressed by equations (26) through (28), .
: .. respect1vely.

;,25' -"VS'=7fm’FC o - _ ' . :(ZGi




area in frame #n--1 in equations (46) through (54),' respectively, _
corresponding to the pixels in frame #n are used. 15 WigD je@lafpd @6l Ng the
mxture ratio a of the. pixel contained in the uncovered backdround area
shown in Fig. 59, the follow ng equations (55) t hrough (63).can hold true.
The pi xel value of the pixel for which the m xture ratio a -i's_cal cul ated
is Mu5. 20.Mul = (-1)+Bul m(-1).Bul.qg+Bul p+(-1)s+(--1)t+u (55) M2 =
(0) *Bu2mt+( - 1) Bu2g+Bu2+p+(0) s+(-1)t+u866) 25, Mu3 = (+1) Bu3mt.(-1)
. Bu3q+Bu3p+ (+l) s+ (-1) t+u(57): 19 January 2006 - 143 M4 =
(-1) Bu4m+(0) Budg+Budp+(-1).s+(0)t+u Mu5 = (0) BuSm+ (0) Bu5g+Bu5p+ (0) s+
(0) t+u 5. M (&FlpBubm+ (0) Bubg+Bubp+ (+l) *s+ (0)t+u N“?zf)("l) Bu7mt
(+1) Bu7g+Bu7p+ (-1) s+ (+l) t+u M8 = ' ,
(0) Bu8mt( +1y) Bu8gr-ByByre( 0) . s+(+).t+u (58) (59) (60) (61) 1@2'ﬁ2) Mug =.
(+1) Bu9m+ (+1) Bu9q+Bu9p+ (+l) s+ (+l) .t+u (63) For calculating the
mxture ratim equitidie @l To¥ atiedindest g unEORedRackground -area in
frame #n, the .
- direction and k is the index in the vertical direction when
5. the position of the designated pixel is 0.
As discussed above; since it can be assumed that the
object corresponding to the foreground'is moving with
constant velocity within the shutter period, and that the
foreground components positioned in close proximity with
10 each other are vniform, the sum of the foregroﬁnd components
can be approximated by equation (25).
When the mixture ratio a is approximated by a straight
line, the sum of the foreground components can be expressed
by equation (29).
15 f{x) = is+u ‘ ‘ (29)
| By replacing thé mixture ratio o and the sum of the
' foregroﬁnd components in,équation (9) by using equations
(20) and (25), the pixel value M can be expressed by
equation (30).
20 . M = (jm+kqtp)eB+jstktiu
= JBemtkBeqtBep+jestketiu o (30)
. In equation (30}, uﬁknown variables ére six factors,
such as_the”horizontalfgfadientrm of the mixture ratiora in
‘the'p}ahe, the vertical.gradieht'q of the mixture ratio d in

' .25 ‘the plane}-and the intercepts of the'mixtﬁre ratio o in the




.15 pi xel values Bul through Bu9' of-the pixels of the background area in
frame #n+l in equations' (55) through (63), respectivel y,'mqgm@gpgm@i ng to
the pixels in frane #n are used. Fig. 60 is a block diagramillustrating
the 20 configuration of the estimated-m xture-ratio processor 401. = . An
image input into the estimted-m xture-ratio processor 401 is supplied to
a delay circuit 501 and an adder 502. The delay circuit 501 del ays-the

i nput inmage for one 25 .frane, and ls_)upp_l ies the inage to the adder 502:
When frane #n is supplied as the i'nput inage to the. adder 502, the 19
January 2006 - 144 delay circuit 501 supplies frame ##n-1 to the adder 502_
The adder 502 sets the pixel value of the pixel adjacent to-the pixel for
whi ch Phened x®ur®e rlatidnd s -cal cul ated, and the pixel value of frane
#n-1 in the normal 5 equation. For exanple, the adder 502 sets the pixel
val ues M M4 GR{FINEF I t REGHIBNg, flaudhep@ixefsodghcdesei n the nor nal
equations based on 'equations (462 t hrough (54),,-respectively. The adder
502 suﬁ)’b‘?’fﬁ?'ﬁ%é’”ﬁtb‘? n&i‘ee FUHCd iRt Kt c HERP P ifsde I Valiuds OFr e set to a
cal cul. L OF 5}9@3I v:LQJhTh% cal cul ator 503 determ nes the estinmated m xture
ratio by SOIVThg THE noralSeyudt | Rt &AYAGAT K Veldder 502 usi ng

the svegRsOitln PIIICY Undil® d iffurANty ¥ RSN e JEHSLTNGY estimted

m xture-ratto.
which the pixel value M or the pixel value B is set are

solved by the method of leést'squares; thereby calculating
the mixture ratio a. .
For example, the horizontal index j of the designated

10 pixel is set to O, and‘theﬁvertical index k is set to O.

Then, the pixel value M or the pixel value B is set ‘in. the
‘normal equation given in equation (30) for 3x3 pixels

located close to the designated pixel, thereby obtaining~

equations (31) through (39).
15 . Mo, = (=1) By, gemt (-1)eBy, jeqtB.y, .y ept (-1) es+ (~1) st+u

(31) "

Mo,-1 = (0)eBo,—yom+ (~1)Bo,-19q+Bo, 1ep+(0) es+{-1)et+u
h | ‘(32)
| Mg, = (1) Bur,gomt (—1) oBoy, yoqtBan, opt (+1) o5+ (<1) ot
20 o o (33)
MEd0 = (1) By, o9mt (0) 0By, goqtBy, 0opt (~1) o5+ (0) st+u
| | (34)
Moo = {0)eBo,oom+ (0) --Bo,u'q+Bo,§-p+ (O) est (0} ot+u |
e _ . =

.: 25 7: . . B M+1,0 "'“"- (+1) °B+1,o'm+‘l((_))'°B+1,o°q+B+1,o‘p'f'—'-(.+1') *54+ (0) -'t-_l-u'



- In this manner, the estimted-m xture-ratio processor 15 401 is able to
cal culate the estimted mxture ratio-based .on the-inpyly jhaRgereoend
supplies it to-the mxture-ratio determ ning portion 403. The
estimated-m xture-ratio processor 402 is configured simlarly to the
estimated-m xture-rati o processor 401, and 20 an explanation thereof is
thus omtted. Fig. 61 illustrates an exanple of the estimted m xture
ratio calculated by the estimted-mxgue-ratio processor 401. The
estimated m xture ratio shown in Fig. 61 is showm per line in-the casein
whi ch the anount of novenent v of 25 the foreground” with respect to an
- object which is noving 19 January 2006 - 145 wth constant velocity is 11
and in which the equation is -set in units of a.block of % 7 pixels. As
imated , m xture ratio

shown i n Fiy 6 il fo t.hat, the.e ,
substantiaF%?”F??egf%&%%Héﬁ§g§+?ﬁ,Phb*hfﬁ’dL+ST5#85fs+ﬁfHé§Eﬁ4ption i s" now

given, with reference to the flowhart of Fig. 62, of theg£9xture4ratio
estimating processing by the estinmated-m xture-ratio proc or 401 having

the confi-gy.ation(g aefd+ Tk 9) o190, RYWSi N i I of . the covered
o S B 0 DL TR 0

background area. In step S5 adder I xel" val ue

comt ai ned-in the input inmage and the pixel value containeq3@ n the i mge
supplied fromthe-delay circuit 501 in a normal. equation c&rresponding to

a model of Mg, cOU@I9EBRACKERQUNGeB,, | eq+B,, op+ (+1) o5+ ( +1)et+u
| (39)
' Since the horizontal index j of the designated pixel is
-0, and the vertical index k of the designated pixel -is 0,

10 the mixture ratio a of the; designated pixel is equal to the
value when j is 0 and k is 0 in equation (20); i.e.,;thé
‘ mixture_ratio a is equal to the intercept p in equation (20).-

Acgordingly, based onrniﬁe equations, i.e., equations
(31) through (39},‘the-horizontal gradieﬁt m, the vertical

15 gradient q, and the intercepts p, s, t, and u are calculated
by the mefhod of least squares, and thé intercept p is
output as thé mixture ratio a.

A gpecific process fo£ caiculating the mixture ratio a,r
_by‘applying the method of ieast squares is as follows.'_

20 : When_the:index i and the index k are éxp£ESséd'by a
:single-index x, the_reiationship among the iﬁdex i, thé
indéX'k, and the index x can be expieésed by equation (40}.

X = (J+1)e3+ (kel) | T {40) -
It is now assumed“that the hdfiZOﬁfal gradient m, the

,25”_vertical gradient q, and the intercepts p, s, t;_and’ﬁ are




15 area. In step 5522,the estimated-m xture-rati o processor 401 determ nes
whet her the setting of the target pixels is finished. If it is determ ned
that the setting of the target pixels is not finished, tha9paaaesroset urns
to step 20 5521, and the processing-for setting the plxel val ues in the
normal , equation is repeated. If it is determined in step S522 that. the
setting'for., the target pixels is finished, the process proceeds to step
5523.. In step 5523, the caLcuIaLp& 03 .cal cul ates the 25 estinmated m xture
rati o based on the normal equations i'n 19 January 2006 - 146 which the

pi xel s values are set, and outputs the calculated mxture ratio. As

di scussed above, the estimated-m xture-ratio processor 401 having the
conf i FHREGHIES Rmyariatilgs 60 &91.5 wibl av3.0 whl ewidatd,t he estimated

m xture ratio based on the _.input inmage. The m xture-ratio estimating

pr oces‘%‘?ﬁ%ecf:ﬁr“{?sl%g 224 e kBrofresipordiargt do atife axpEsEEed byaelgr ound ar ea
i's | ar, to {he proc g |nd|cated by the fl-ewchart of Fig. 10 62 by
usi ngat arﬁfrr‘?ﬁ ﬁ"&ﬁ "J‘; 5‘%/0 dinsedsigeratien rdover ed

backgr und ar ea, and an . ex (%:HO ther thus omtted. The

err‘nodlt Y (58n SHREH 139%hé:ano CelPdddirEspondi ng. to
t.ihonary 15, Hovvever t he above-described m xture-ratio
Ca o gp%%&l&ﬂl% t@ayho |

. Mx = Z ay - Wy + ex ' (41)

¥=0

In equation (41), x is any one of the integers from O to 8.

Equation (42) can be found from 'equation (41} .

5

ex = Mx - Z ay - wy ; . (42}
y=0 ' :
10 ' Since the method of least squares is applied, the

square sum E of the error is defined as follows, as

" expressed by equation (43).
E = ) ext | (43)

In order to minimizér tlge efror, the partial
15 differe.ntial value of the v%riable Wv with respect to thé
square sum E of the errof-s'hould' be 0. v is any one of the
_ integers fréz_n 0 to 5. Thus, wy is determined so rthat
‘equation (44) is satisfied.
% 2 - iex .@Ef{_
s

o (44)

20 . By..subsftiﬁtuti’ng equation (4-2');_\' into equation (44),




processing can be applied even if the inmage corresponding to the
~background area.contains notion. For exanple, if the image correspondi ng
to the background area is-unifornmly' noving, the 19 January 2006
estimated-m xture-rati o-processor 401 shifts the 20 overall 1 nage In
accordance with - this notion, and perforns processing in a manner simlar
to the. case in which the object corresponding to the background is
~stationary.- If the inmage correspondigg-to the background .area contains
locally different notions, the estimted-m xture-ratio 25 processor 401
sel ects the pixels correspondlng to the 19 January 2006 -- 14 7. notions

as the ls b ging to-the,mxed area, and executes the
above-ﬁggég%%%d?%ggcﬁis?mﬁa 19&dyescri bed above, the mixture-ratio

calculator 102 is sable to calsculate the m xture ratio a, which is a
feature 5 qﬁémnity}?ayres@mndﬁbgvtOMﬁach pi xel, based on thes) nput i nmage
and t he- ar eesoi nf orywat i on supﬁlbed to the area specifying unit 101. By
ut|I|2|ng the m xture ratio a, is possible to separate the foreground

Component's and dfhas KRGk SRAPRAHSY CQIAANSM it e pixel val ues

- while maintaining ‘the informatio not 1 on ur contained in the i mage
cor r es@RidiRgt {éht hes b Nt PbEE s x BY A bt Ehddmges based on the

m xture ratio a, it is also possible to create an 1 mage which contains 15
cory eciup®ti ot tdirordadf agid Girflasga 4 ffﬁch@ GPasLd ofntd oMl Ng obj ect and

“which faithfully reflects the real world
equation (45), thereby obtalnlng wy. As stated above, W0 is
the horlzontal gradient m, wl is the vertical gradient q, w2
is the intercept p, w3 is s, w4 is t, and w5 is u.
As discussed above, by applying the method of least
10 squares to the equations in which the pixél valoe M and the
_pixel value B are set, thé'horizontalogradient m, the
vertical gradient ¢, -and the intercepts p, s, t, and u can
be determined. | |
A description haé been given with reference-to
'151_equations (31) through (39), by assuming théﬁ the pixel
value of the pixellcontained in the mixed area is M, and the
pixél value of the pixel contained in the background.area.is
- B. In this case, it is neoessary to set normal equations
' for each of the cases where the designaﬁed piXelris
.;20 ~contained in the covered background area,ror the de51gnated
pixel is contalned in the uncovered background area.
For example, if the mlxture ratlo‘a_of the'plxel_'
Jcontained,in_the covered~backgrouodiarea iﬁ frame'#n.shoﬁn--

in Fig,'48‘is determined, €04 through.COS-of the pixelé in -




The foreground/ background separator 105 is discussed below. Fig. 63 is a

bl ock diagramillustrating an exanple of the confi guratl on of the

f or egr ound/ background separator 20 105. The input inagel2demEry#¥6to the

- foreground/ background . separator 105 is supplied to a- separatl ng .portion
601,'a switch 602, and a switch 604. The area information suppli ed from
the area specifying unit 103 and indicating the ..information of the
covered background area and the unglo4 ered .25 background area is supplied
to the separating portion 601. nuary 2006 - 148 The area i nformation
i ndi cating the foreground area is suppliedto the switch 602. The area

i nformation indicating the background area supplied to the switch 604. The:
m xt ur 6ramei $naasdpphée egikebnvaheesi Bodrehraiglo PO caf cilatmixdloh i s
supplied to the separating portion 601. The separating portion 601

separ atpsframef dnelrauadsetolporentzofmom e tiga. | nage based on the area
information indicating the covered background area, the area information,

i ndi cati ng Hhethmdbvrte Fiar Sumd dheéa pidied s Tontsd nedtigy &heatio a, and -
supplies the separated foreground -conponents to a"synt hesi zer 603. The
-'separ aﬁpﬁgvﬁﬁ?gl%c%@ﬁou%@s%r%%pﬁ?a?’&m?h’ﬁ‘b‘ﬂ&%ﬁfdﬂh ibnpbheis fromthe

bk SR GOPTLLSSHLE  OEE ESTRT | S v
, foregr eﬁ;gg}? o‘ynﬂlﬁe%w basetgllﬁ?eopfxfg}rea d nforn:at|for‘_m|le caltl ng the
are set in the normal equations.
Moreover, if, for example, the mixture ratio a of the
pixel contained in the coverea background area shown in Fig.
10 59 is calcﬁlated, the following equations (46) through (54)
are set. In Fig. 59, the white dota indicate pixels
| cansidered to belong te the background, and the black dots
indicate pixels considered to belong to the mixed area. The
pixel value of the pixel for which the mixture ratioc o is
15 calculated is McS5. | |

Mcl = (-1)eBclemt (-1)sBclegtBelept (~1)est (~1)et+u

e
MC2 = (0)eBc2emt (~1) sBC2eqtBc2ept (0) o5+ (~1) otiu
| ' | o 4n
20- -Mc3 ='(+1)6BC3-m+(~11-Bc3-q+Bc3'p+(+1)-s}(f1)-t+u
e . ' _ _ (48)
Mc4 = (*1)OBc4im+(O)¢BC4oq+Bc40p+(—1}dé+{0}-t+u -
| | (49)

Mc5 = (0)eBcSem+ (0) eBcSeqtBe5ep+ (0) es+ (0) sttu

s L S O




corresponding to the foreground contained in the input inage to the
synt hesi zer 603. 20 The'switch 604 is closed when a pixel corresponding to
t he background is input based on the-area information i ndP & Q0%e
background area, and supplies only the pixels corresponding to.the
background contained in the input image to the synthesizer 605. 25 the
synt hesi zer 603..syn.thesizes a foreground conponent 19 January 2006 - 149
" .1 mage-based on the foregraound cqnqgggngs supplied fromthe separating
portion 601 and the pixels corresponding to the foreground supplied from
the swi'tch 602, and outputs the synthesized foreground conponent inage.
Since the 5 foreground area and the m xed area do not overlap,. the
synt hesi zeMBOF apph i *Bs 6*1b 0 be&rfNE Bd@gitd4ll ) ORH{©) tiher f or egr ound
conponents and the foreground pixels, thereby synthesizing the foreground
conponent image. In the initializing processing executed &>ltlhe start - of
10 the synthesi zi processing for_the foreground-conponent image, the
synfhesize&ﬂ%%3“3¢%ﬁé§c ﬁmfﬁﬁgkf%ﬁﬂﬁﬁ?QﬁifEﬁ “@éfﬁb§+£53¥#ﬂw Oinabuilt-in
frame nmenory. Then,. in the synthesizing processing for the foreground
conponent image, the synthesizer 603 stores the foregrouﬁé onponent i mage
15¢(overwri _t he i i 6Dy A he f r Sonponent i mage) .
Acgordinglyfﬁg isﬁgﬁggégﬂyﬁ+%13§§§><I%gé Eégpggﬁgﬁgfhéﬂi t he background
area in the foreground conponent image output fromthe swg%@esizer 603.

Mc9 = (+1)eBcYemt (+1) eBcOeg+BcOep+ (+1)es+ (+1)et+u
{54)
For calculating the mixture ratio o of the.pigel
10 contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pikels of the background
area in frame #n-1 in equations (46) thrpugh {54),
respectively, corresponding to the pixels in frame #n are
used. . |
15 When calculating the mixture ratio « of the pixel
- contained in the uncovered baCkground area shown in Fig. 59,
the following equations (55) through ({63) can hold true.
The pixel value of the pixel for which the mixture ratio a

is calculated is Mu5.

i

..-20_ ] Mul (—lj?Bulom+(~1)QBu10q+Bu10p+(—1)05+(—1)6t+u
| ) o . (55)
 Muz ='(0)-Bu2-hf(—1)OBu2-q+Bu2-p+(0)§s+(-1}0t+u
‘ ‘ o (56)

- Mu3

|l

(+1) sBu3em+ (~1) eBuIeqeBulep+ (+1)es+(~1) et+u

s N 10




The synt hesi zer 605" synthesizes a background conponent 20 inmage based on
t he background conponents supplied fromthe separating portion 601 and the
pi xel s correspondi ng to the background-supplied fromthe 2 faruary H92,  and
outputs the synthesized background conponent inage. Since the .background
area and the m xed-area do not.overlap, the 25 synthesizer 605 applies, for
exanple, logical ORto the 19 January 2006 - 150 background conponents and
t he background pixels.,. thereby_ %gthesizing t he background conponent
image. In the initializing processing executed at the start of the.

synt hesi zi ng processing for-the background conponent inmage, the

synt hesi zer 605 stores: an i nage whose pixel values are all 0 in a

buil t-in fMufe= reddrhulddinet) sBndeleBudynt edl w@nP)ptdvessi ng for'the
background conponent i mage, the synthesizer 605 stores the background
conponent image (overwites the previous image by the badk§!ound conponent
10 i mage) AccOrdin?J%, O is stored in _the &ixels-eorresponding to the

f or egr ound M¥Ped i(FTeRe ML (@ rSm It BYrpBhEAL *T iy 8% put fromthe
synthesizer 605. Fig. 64A illustrates the input image inpu% into the _
f or egr ound/ backgr ound separator 105 and the foreground 15 onent i nmage

and the ba round,copponent . i e output  from t f or egr ound/ backgr ound
' segar at or %‘% —qugl? %8 1 {OL}S%B}%? gggen%fjg{)o??ﬁag *tABut i mage input into
the foreground/ background separator 105 and the foregroquo)conponent
i mge and the background conponent image out put

' Mu7 = (=1)eBuTem+ (+1) eBuTeq+BuTep+ (—1)es+ (+1)et+u
(61)

Mu8

(0) eBuBem+ (+1) eBuBeq+BuBep+ (0) es+ (+1} et+u
10 - _ , (62}

Mu g

I

.(+1)o$u9oﬁ+(+1)-Bu9-q+Bu9-p+(+1}-s+(+1$-t+u
| (63)
For calculating the mixture ratio o of the pixel
 contained in the uncovered background area in frame #n, the
-~ 15 pixel values Bul through Bu9 of the pixels of the background
" area in frame #h+1'in equétions'(SS) through (63),
respeﬁtively, éprresponding-to the pixels in frame #n are
USedf
Fig. 60 is a block diégram_illuétrating the
20 cdnfiguration of the estimated—mixture-ratiq‘proceSSGr'401,
.An imégé input into the estiﬁated~mixture~ratio processor
401 is supplied to a delay circuit 501 and an adder 502;_‘
. The deiay circuit 501 delays the input image for one
' ,f;ame, aﬁd-supplies thé.imagettc the addérVSGZ;ﬂ When frame

:25 ,#n,is supplied as the input image to the adder 502, the -




20 fromthe foreground/ background separator 105." Fig. 64A is a schematic
diagramillustrating the image to be displayed, and Fig..64B is aﬁnndel
obtained by expanding in the time direction. the pixel sl9dmposki6in one
line including the pixels belonging to.the foreground area, 25 the-pixels
bel ongi ng to the background area, and the pixels 19 January 2006 - 151
bel onging to the mxed area corresponding to Fig. 64A. As shown in Figs..

64A and 64B, the background conpongnly -i mage output fromthe _
f oregr ound/ background separator 105 consists of the pixels belonging to
the background area and 5 the background conponents contained in the pixels

conporistey Fadutid ot S%lq%ﬁ)yi{%efﬁr%ifg 3‘%&52?3@%529&%%%&3%[ 3?:205
?8?:5?23n8&%%2%8ﬁ%§$§?ggﬁggghggei%ifﬁg ﬁ?;ﬁgsogft?ﬁepiﬁ?%ed._area 3 The
Baokor e msoh AR EARE, e W e R bR oR el By b

orm e e e e vadne SECctRaBRRTR ERPRR P ERRE  Gnging o

“the kagldiowd #ueaexhhpisepahat adgher egsoupd. cpgpo - m o
the'foregrghng conpoﬁgntgi%age ?oggt%gr m?tﬁggﬁeeggxgﬁgéfbggg%%?ng to. the

f or egMatinthabeah Mc9 and the pixel values Bel through Bc¢S in the
o normal eguations based on equations {46) through (54),
réspectively- The adder 502 suppliés the normal equations
in which the pixel values are set to a calculator 503..
i0 : The calculator 503 determines the estimated mixture
ratio by solving the normal equations supplied ffom the
adder 502 ﬁsing the sweep-out method or the like, aﬁd 
outputs the determined estimated mixture ratio. |
In this manner, the estimated—mixturemratio processor
15 401 is able to calculate the-estimated mixture ratio-based
on the:input image,. and supplies it to the mixture-ratio -
determining portion 403
| The estimated—mixture~ratio processor 402 is configured
similarly to the estiﬁated—mixtuie—ratio processor 401, and
26 an explanatignrthereof is thus omitted. |
Fig. 61 illustrates an-examplé of -the estimated mixture
-ratio caiculated b§ thé estimated-mixture-ratio proéessor.j
_ﬂOlt The eéﬁimated mixture fatio shown in Fig. 61 is shown
 per line‘infthg case -in which the amount of'mOVéﬁent.v of

":25 'the fofégrdqnd‘with respect to'aﬁ object which is moving“




20 As discussed above, in the foreground conponent inage; ,the pixel

val ues of the pixels corresponding to the background area are set to O,
and significant pixel values. are set in the pixels cord8Jdpowe 2% o the
foreground area .and the pixels corresponding to the mxed area. Simlarly,
25 in the background conponent. inage, the pixel values of the. 19 January
2006 -- 152- pixels corresponding to the foreground area are set to O,
and significant pixel values are set,dn the pixels corresponding to the

- background area and the pixels corréspording to the nmxed area. 5 A
description is given bel ow of-the processing executed by the separating
portion 501 for separating the foreground conponents and the background

~ conporiéhls ¢onshiarde ysbhatisty b drgiangl tio twielah Xdee smmtipingis65
dllustrates a npdel of an image indicating_ 10 foreground conponents and
backgr@¥tidie dhpdreritis.2 itlaate of raned iRd&aldi-ng a foreground object noving
fromthe left to the right-in Fi,g. 65. In.the nodel of the image shown in
Fig. 65, tHS &% 18 Fdovetnt 1F s FouBddthpE hhspestérated tual divi ded

- portions jis:4. 15 In frame #n, the |eftnost pixel and the-fourteenth
PO G B et U G Y CHOSay COREeEs I iy mifrga -
bagkgroqu-conponents and belong to the background area. frame #n, the
secon&u?%rbugh fourth pixels fromthe left contain the background

conponent s ,apd .the .t 91705 QUALL28: GBAPORFPhS re2BRCRRLOPY Rt he uncovered

"~ background area. _
flowchart of Fig. 62, of the mixture-ratio estimating

processing by the estimated-mixture-ratio processor 401
having the configuration shown in Fig. 60 by using a model

10 of the covered background area.

In step S$521, the adder 502 sets the pixel value

contained -in the input image and the pixel value contained

in the image supplied from the.délay.circuit 501 in a normal
 ‘equation corresponding to a model of thé covered background
15 area. |
In étep 5522, the estiméted—mixture—ratio processor 401
.determihes wﬂether the sétting of the target pixels is
finished. If it is determined that the setting of ther'
ftérget pixels is not f;nisﬁed,Tthe process returns to step
20 8321, and the ?roceSsing'fo: setting the pixel vélues in the
‘normal equation is repeated. -
| If it is determined in step S$522 that ﬁhe setting-fdr‘
_uthe'téréet-éixels is ﬁiniéhed,lthe process prqcééds to'step
| S523. 1In step $523, the calculator 503 calculates the

' ©'25 estimated mixture ratio based on the“normalueqﬁations in' 



frame #n, the eleventh through thirteenth pixels fromthe .eft contain

- background conponents and foreground conponents, and belong to the covered

background area. In-frame #n,' the fifth through tenth piléElaauy@fPeéne |eft
consist of only the,- 25 foreground conponents, and belong to the

foreground area. 19 January 2006 - 153, - In frame #n+l, the first through

fifth pixels fromthe |eft and-the eighteenth pixel fromthe | eft consist
of only the background conponents, @ﬁg bel ong to the background area. In
frame #n+l, the. sixth through eighth pixels fromthe left 5 contain
background conmponents and foreground conponents,- and belong to the
uncover ed background area, In frame #n+l, the fifteenth through

sevent BBAFR pPRePixelsnvehides edte contai ARdbaekprbanthe oppbriehsednd

f oregroun and belong to the covered background area. In frame

g conﬁogents,
#n+l , PHE“HIRt 1286°t hr ough fourteenth pixels fromthe left consist of
only.the f ! € round. c onent and belqggbto_the foreground area. Fig.

66 illustrates '%%uﬁ%cge Ny 181 e F e HRe Ly nd conponents

of frane

fr te : “th d, back d, . In Fig. 66, al
fromthe %é%?.ﬁ’&ioﬂ%éﬂgng;@lé o PYGRS: DAL KA QN ag_pi lJ a

t hrou a i ndi ca ure ra

5 | j 6 he, fd f S ' ' f he | ef
R Bt LI NG P S, R S o

belong to the covered groun val'ue Se fifteenth
pi xel faomttigagkeft in frame #n can be expressed by equation (64): 20 C15
= B15/ v+F09/ v+F(C8/ v+FO7/ v

: The mixture-ratio estimating proéessing by using a
model cofresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.

‘10 62 by using the normal equations corresponding to a model of
the uncovered background area, and an explanatién thereof is
thus omitted.

The embodiment has been described, assuﬁing that the
object.correspoﬁding to the background is stationary.

15 ‘However;_the above-described mixture-ratio calculation

'~processing'can be applied even if the image correéponding-to
the background area,éontains motiéh. For example, if the
image corfesponding to the background area is uniformly
moving, the estimated—miktﬁre—ratio-processér 401 shifts the

526 :‘éverall image in accordance with this motion, and performs
Aprocessing ih a ‘manner simiiar to the case in which the

'_.object corresponding to the background is stationary- It
:the image corresponding ﬁo the'backérohnd area contains

'  J1ocally-differeﬁt motibns, the estimatédmmixtufe—ratio

- 25 ‘processor 401 selects the pixels corrééPOnding'to the




- Wal 5. B15+F09/ v+F08/ v+F07/v = al5P15+F09/ v+F08/ v+F07/v (64) -where al5
indicates the mxture ratio of the fifteenth pixel fromthe left in frame
#n, and. P15 designates the pixel 25 value of the fifteentlf Januasy 246om t he
left in frame #n-1. 19 January 2006 -- 154- The sumf15 of the foreground
conponents of the fifteenth pixel fromthe left in frane #n can be '
expressed by equation (65) based on equation (64). f15 =
F09./v+F08/v+F07/v = Cl15-al5P15 (6§),,Simlarly, the sumf16 of the _
. 47 . . .
foreground conponents-of the sixtéenth pixel fromthe left in frane #n can
be expressed by equation (66), and the sumf1l7 of the foreground
conponents of the seventeenth pixel fromthe 1eft 10 in frame #n can be
expr eSRURL IS @fudiioPipgl)s Helengiops-tol 6bes qig®d afred,=aBl7- al7. P17 (67)
In thi-s manner,, the foreg%gund conponents fc contained in the pixel value
C of t¥EPIteT e dhpvry desai®esoweosiessimidbackgr ound area can be
expressed hy %guatLon (68): fc. = CaP. (68) where P designates t he pi xel
val ue of the C6PFELREAUPREYEpi kBF MAXTRESHreliBusaiFaketori §026%s
HITustLres 4 NG RIASTS 'L T%ER A0 of "onich is a feature
5 quantity corresponding to each pixel, based on the input
image and the-area‘information supplied to the area
specifying unit 101.
By utilizing the mixture ratio «, it is possible to
separate the foreground components and the backgtound
10 components contained in the pixel values while maintaining
the information of motion blur contained in‘thé image
- corresponding to the moving objebt.
By combining the images based on the mixture ratio o,
- it is also possible to create an image which contains
15 correct motion blur that coincides with the speed of a
"'moving objeét and which faithfuily reflects the real world:
The foreground/background'separator 105 is discussed -
below. Fig. 63 is a blockxdiagram illustrating an example
of the configuratiqn of thé foreground/background separator
20 105. The input ‘image supplied to thé foregroéund/background
. separator 105 is supplied-to a -separating portion 601, a
switch 602, and a switch 604. The area information supplied
‘fromAthe area specifying unit 103 and indicating the

_Jinfo:maﬁion of the covered backgréund area and the uncovered .

 25'_haCkgr0undfarea is supplied'to the-sepafatiné,pértion 601, .




20 foreground conponents fromthe pixels belonging to the uncovered
background' area. In Fig. 67, al through al8 indicate m xture ratios of
the individual pixels of frame##n. Fig. ' 67, the second HAFewgH 2096rt h
pixels fromthe left ;belong-to the uncovered background area. 25 The pi xel
val ue- C02 of the second pi xel fromthe left 19 January 2006 -- 15 5 in
frame #n can be expressed by equation (69) : (C02 = B02/V+B02/v+B02/v+FA /v
= a2B02+ FO1/v. a2N02+FOL /v (69) §gehere a2 indicates the mixture ratio of
the second pixel fromthe left in frame #n, and NO2 designates the pixel
val ue of the second pixel fromthe left in frame #n+l. The sum f02 of the

f or egr.ound conpo ents qof the second plxel fromthe left in franme #n can be
expreé‘g‘&j % FRtl Oi’ol(ﬂﬂ} the dorsgrenndegyreaf 62 = FO /v

C02- a% 7{9 N IarI %@ sum,| 03 of t he foreground conponents of  the
t hi-rd PrRers &%t S PEFEoh, 02ame T GHihd Ndesmedion ipdiggtaggation

(73 AR e B YL IRRCRA L, e 2 o
CD3 a3. “D3Tﬁgl$1xtugé raE?é &4QQpplled from the mlxture ratlo
5 calculator 104 is supplied to the separating portlon 601
The separating portion 601 separates the foreground
'components from the input image based on the area |
information indicating the covered background area, the area
information iﬁdicating the uncovered beckground area, and
10 the mixture ratio o, and supplies the separated foreground
oomponents to a synthesizer 603. The separating portion 601
_also separetes the background components from the input
image, and supplies.the separated background_components to a
~synthesizer 605. | |
15 . The switch 602 is closeo-when a pixel corresponding to
. the foreground‘is input based on the area information
‘indicating the foreground area, and supplies only the pixels
corresponding to the foreground contained in the.input image
to the synthesizer 603. |
20 _ A The'switch'604 is closed when a pixel‘corresoooding to
the-background is input based on the.area_information |
~ indicating the background drea, and supplies only the plxels
correspondlng to the background contalned in the 1nput 1mage-
| to the synthe51zer 605 |

25 - The synthe51zer 603. synthe51zes a foreground component '




(72) 20 In this manner, the foreground conponents fu contained in the

pi xel value C 'of the pixel belonging to the uncovered background area can
be - expressed by equation (73): fu = CGa.N (73~) Wiere N d@Jpepsy 280G he

pi xel value of the corresponding. 25 pixel in the subsequent. franme. . .19
January 2006 - 156 As discussed above, the separating portion 601 is able
to separate the foreground conponents fromthe pixels belonging to the

~m xed area and the background coqpqggpgs fromthe pixels belonging to the

m xed area based on the 5 information indicating the covered background
area and the information indicating the uncovered background area
contained in the area information, and the m xture ratio a for each pixel.

Fig. 6B'39e bavertionidy dnragipndadanpaaendsampipe ldfed Fromhdéheonfi gur ati on
of the separating portion 601.for executing the above-described processing.

-

- An i meRRPRRERY iR ke 6 Yo plich they Ridietliso s oBTESPONSipE ited the a frame
menory_621, and,the area. information indicating the covered. background
area and-$HECUHL RHR %cﬁ%gﬂnbﬁ’(? &ed Suser ednd1 SUEPHESt kBeni xture-rati o
procest R Et aereorutnd hetnsert, 8385t oRgBCEnE nput | mages Tn uni ts
..pf Sf raf@éegé’éﬂf‘rm aaiferaa%cf Q:h%e nB&%%esa%%% Id% %%%n%v#egla%)t]?the‘ |
'synthesizer 603 applies, for example, logical OR to the
foreground components and the foreground pixels, thereby
synthesizing the foreground component image.
VIn the initializing processing executed at the start of
10 thé synthesizing processing for the foreground component
image,_tﬁe synthesizer 603 stores an imagé whosé pixel
- values are all 0 in a built-in frame memory. Then,. in the .
synthesizing processiﬁg for the foreground component image,
 the syntheéiier 603 stores-the foreground componént image
15 (overwfites the previous image by the foreground component
- image) . Accordingly, 0 is stored in the pixels
corresponding to thé_background area in the fbregfound
component image'outbut from the synthesizer 603.
The synthesizer 605’sfnthesizes a béckground component
20 _image'bésed on the background Components supplied from the
-separating portion 661 and the pixels corresponding to the
.background.supplied_from the switch 604, and. outputs the
'1synthesized backgrdundﬂbomponent image. -Since the- '
':;backgrouﬁd'a:éa aﬁd the mixed'aréé do:not.ovérlép; tﬁe

3 25'7syntﬁesizer_605 applies, for exémple, logical OR to the




frame nmenory 621 stores franme #n-1, which is the frane one 20 frane before
frame #n, franme #n, and frame #n+1l, which is the frane one frame after
frame #n. The frame menory 621 supplies the correspondi nglPidmre 2006i n
frame #n-1, frame #n, and frame #n+l1 to the separation processing bl ock
622. 25 The separation processing block 622. applies the. 19 January 2006 -
157- calcul ations discussed with reference to Figs. 66 and 67 to the

pi xel val ues of the correspondlng_gjg§L§ in frame #n-1, franme #n, and frane
#n+1 supplied fromthe frane nmenory 1 based on the area information
|nd|catlng the covered .5 background area and the uncovered background area
and t mxture ratio a so as to separate the foreground conponents and

the b m%&ﬁiﬂﬂm@ﬁ radtd ttiee fackardwidngixed 2,0 tHwraiked area in
es themto a frame nenory 623. 10 The separation

frame #n and Ssu
pr ocess™H ’o%%f%ﬂl‘% dadiHingt companRdy ditediear ea processor 631, .a

covered ar a synthesizer 633, and a synthesizer 634. A

ﬁ% % 0CESS ﬁ
mul tiplier 64 hﬁflpﬁ i &5&89eEIQF€§S&PSC@§§§Ptsglatnﬁhﬁlﬁtﬁ@t plie pi xel
val ue t dn frane #n+l - g; I|ed fromthe frame nenory 621 by

e O et Biiesitiin £ AL e B om0 S L oh
R S A At L e B L
to th%auﬂﬁﬂy%ﬁ%ﬂa_QC%QVQUBdbﬁ i9%-in frame memory.. Then, in the
synthesizing processing for the backgfound component image,
the synthesizer 605 stores the background component image
: {overwfites the previous image by theé background component
10  image). Aocordingly, 0 is stored in the pixels
u'oorrespondiﬁg to the.fo:eground,apea in the backoround
component image output from the synthesizer 605.
Fig. 64A illustrates the inout image input intc the
 foreground/bacEground_separator 105 and the foreground
_15; component image and the background component image output
V'frOm the foreground/background separétdr 105. Fig. 648
3 illustrates a model of toe-input image input into the
_foreground/background separator 165 and the foreground
“component 1mage and the background component 1mage output
20 - from the foreground/background ;eparator 105. -
” Flg. 64A is a schematlc diagram 1llustrat1ng the 1mage
to be dlsplayed and Flg 64B is a model obtained by
iexpandlng in the time dlrectlon the plxels dlsposed 1n one

line lncludlng the. plxels belonglng to the foreground area,

.25 ﬁhe_plxels belonglng to the background area, and the pixels’




20 and supplies the pixel value multiplied by the mxture ratio a supplied
fromthe-multiplier 641 to a cal culator 643 and the synthesizer 634. The
val ue obtai ned by nultiplying the pixel. value of the pildlanuary20@he #n+1
by the mxture ratio ;a output fromthe switch 642 is equivalent to the
background 25 conponents of the pixel value of the corresponding pixel in
19 January 2006 - 158- frane #n. The cal cul ator 643 subtracts the
background conponents supplied fromgshe switch 642 fromthe pixel val ue' of
the pixel in franme #n supplied fromthe frame nmenory 621 so as 5 to obtain
t he foreground conponents.. The cal cul ator 643 supplies the foreground
conponﬁgis of the pixel jn frame #n bel onging to the uncovered background

area tBELPRIIRY nEHSHS SPLEB AVeIMFITIRTRANBIY J10 tFHY c ffdr-ed- ar ea

Clppl i od f AT e hso 4R 2B b p4fine e PAFESFABRG. SOMPRRATBU L 5 t he
oi xel - SR SRl 0 Nl S Sk e Trarditdh YePae B 0% uppl fed Trom
‘tsB;e)plliS(éésﬁt e %?%Ired}/egﬁie}pererlhﬁotl P clgn(?e%#rgi-ttcogﬁ{rﬁe%tagcr %ﬁ%&%‘gggg%gg%%ﬁ‘gd from

the maxdpbiSkqRidnd Conphalfid AN £33 A% WS pIURREHZ 534 The val ue
obtained by-multiplyingthe

mixed area.
As shown in Figs. 64A and 64B, . the foreéround component
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
10 the foreground components contained in the pixels of the
mixed area. |
The pixel values of the pixels in the mixed area are
separated into Fhe background components énd the fdreground
components by the foreground/background separafor 105. The
15 separated background components form the backgrdund
- component image together with the pixels belonging to the
backgroundla;ea. The separated foreground components . form
the foreground component image together with the pixels
-belongiﬁg to. the foreground area.
 -20 " . As discussed above, in the foreground component image;
. the pixel values of the pixels corréspondingf to the
fbackground'area are set to 0, and éignificant pixel values.
-"gre set in the'pigels,correspénding to the foreground area
_wahd the piXels correspbnding to themixedlarea!f Similarly,

 “ 25 :in thefbackground component image, the pixel ﬁélues_of the .




pi xel value of. the pixel in frame ##n-1 by the mxture ratio 20. a out put
fromthe swtch 652 is equivalent to the background conponents of the-pixel
val ue of the corresponding pixel in. frame #n. The cal cPdasrarsdo
Subtracts the background. conponents supplied fromthe switch 652-from
"the pixel.value of the 25 pixel in frame #n supplied fromthe frame nenory
621 so as 19 January 2006 - 159 to obtain the foreground conponents. The
cal cul ator 653 supplies the foregn@mmd components of the pixel in frame #n
bel onging to the covered background. area to the synthesizer 633. 5 The ,
synt hesi zer 633 conbines the foreground conmponents of the pixels belonging

to th e backgr.ound ar.ea d supplied fromthe cal cul ator 643 with

}3 hekf %%%i%%n%)e%eosﬁiﬁl% _ %ql t?‘r?ea%]i?eq%&% lcﬁf;ge?%g'?‘éegst%:%g)er Ied e 10
ackgrgund, ; : i the cal cu ar and supplies e
syntheslzed“?gﬁgﬁgghnjﬁboébonéh%?nﬁ#%rﬁéﬂrlnéjﬁ%ﬁHV$ﬂ§§3. The synt hesi zer

634 1 _ - . V. . h
C%%émr@ﬁrﬂ@%a suppl 1 zid‘:%gr O&é}ﬂf@é%ﬁ%{éﬂ?g 2w th the

uncover ed backgr oun rea an S 642 with the

_backgr@m%gjﬁmwtt% tofe ti&eli %8s bel onging to the covered background
.area and .15 supplied fromthe swtch 652, and-supplies the synthesized

- bagkgr oundac awpereptsohoikhgiteanBeMBWOLY €33 pTheeksaNE WRABYH23 Stores
the foreground conponents and the background conponent$S of the pixels in
the nibgedhar eapafraftiage péirtioppleioad for0Bdpae s39RRYF hieOFoHeRGd%IdNd
components and thé background componénts from the pixels
belonging to the mixed area.
Fig. 65 illustrates a model of an image indicating
- 10 foreground components and background components in two
Aframes including a foreground object moving froﬁ the left to
the right in Fig. 65. In the model of the image shown in
‘Fig. 65, the amount of movement v is 4, and the number of-
' virtual divided poftions is 4. |
15 In frame f#in, the leftmost pixel and the. fourteenth
-chrough eighteenth.pixels-from the left consist of only the
background .components and belong to the background area. Iﬁ
franme #n,_fhe'second through fourth pixels ffom the left
qontain the babkgfound_com?onenté and the foreground
 20 components, and.belOng to the uncovered'background.area. In
frame #n, the eleventh thfough thirteenth pikelsrfrom the
1eft contain background qqmpdnents and foreground components,
‘ghd beldngrto the covered background area. In frame f#n, the |
‘¢ " fifth through ‘ténth pixels from the left consist o-f-vonly the

25 . foreground components, and belong. to the foreground. area. -




20 bl ock 622. The franme nmenory 623 outputs the stored foreground
‘conponents of the pixels.in the-mxed area in frane #n an the stored
background conponents of the pixels.in the mxed- area in H@y£99625 By
utilizing the mixture ratio a, which indicates the 19 January 2006 - 160
feature quantity, the foreground conponents and. the background.
conponents contained in the pixel values-can be conpletely separated. The
synt hesi zer 603 conbi nes t he foregridagd- conponents of the pixels in the
"m xed-area in frane #n output fromthe separating portion 601 with the
pi xel s belonging to the foreground area so as to generate. a foreground
conponent . {ege, . T nt.hesi z 6Q5. . il t he .backgr.ound, ., conponent s
of the pixé%s in t%gﬁﬁg%é g?ééﬁ%ﬂ:S?gﬁﬁﬁghqﬁéi%upﬁﬁﬁiﬁrgﬁ??hghgeparating
porti ofeHO15Mit : Py i I -area _sQ as to
.generate g a%gc%%gﬁ%\%&%%%t}lgﬁit%wmfg%&%%Q%%z\?%nugl%%a{%ggo yexarrp_l e of
t he fotkgrvasd r@@ﬁ@oagﬁﬁoﬁ@@gglc LNg~t oRfr i i -65. The
15 IeftnDst‘pigeI and the'fourteeﬁ?ﬁeﬁgggﬁbfggn??%eﬁﬁg¥§{€%%§i%%g%f'onIy
the barkgfoane #eAPONERd sshafiorenhtdiggh fof aorowikand e kackgreynd are
separated, and thus, the pixel values are set to 0. The secong-and fourth
pi el scémiomin Headleftolsd argndaneitd hahdinevasehnp chapounad tal eanef ore the
foreground and the ‘ ‘

belong to the uncovered background area. In frame #a+l, the

fifteenth through seventeenth pixels from the left contain
backgrdund'componenﬁs and foreground components, and belong
to the covered background area. In frame #n+1, the ninth
10 = through fourteenth pixels from the left consist of oﬁly.thé
foreground compoﬁents, and belong to the foregroﬁnd area.
Fig. 66 illustrates the processing for separating the
foreground components from the pixels belonging to the
covered.backgroﬁhd'area. In Fig.'66, dl through ol8
15 indicate_mixture ratios of the individual pixels of frame #n.
. In Fig; 66, the fifteenth through seventeenth.pixels from
the left belong to the covered background area. |
The pixel value Cl5 of the fifteenth pixel.from.the
left in frame #n can be exprésséd by éqﬁation {64):

.20 C15 = B15/v+F09/v+F08/v+F07/v

aiS'Bl5+F09/V+F08/V+F07/V

a15¢P15+F09/v+F08/v+F0T/v : - (64)
.where al5 indicates the mixture ratio of the fifteenth pixel
from the left in framé'#nf anlelS designates the-pixel

25 'value of the fifteenth pixel from the léft in frame #n-1. .




~ -the background conponents are maintained. The fifth thro

background' are separated.. Accordingly, the background conponents are set
to O, and the foreground conponen.ts'are. _ nmaintained. The el eventh
through thirteenth pixels fromthe left bel ong to the coVvérlamasyéfefr ound
area before-the 25 foreground and t he background-are. separated.
Accordingly,. 19 January 2006 - 161- = the background conponents are set to
0, and the foreground conponents are maintained. The fifth through tenth
pixels fromthe left consist of _ogly the foreground conponents, which are
thus maintained. 5 Fig. 69B illustrates an exanple of the background
conponent image corresponding to frame#n in Fig. 65. The |eftnost pixel
and the fourteenth pixel fromthe left consist of only the background
conponent s 1 v e ofotBgr 6aK8IERENENEOBRERGREENE Latkesepar at ed, and

t hus, fhe 10 hackgraound conponents are nmaintained. The second t hrough
fourthébfﬁﬁﬁ%F %hég¥¥ﬁt H&fF o fmREeudo Fane e £385e6Fed ar ea before

the fqreground and he background ar.e separated.-~Accordingly, the

foregﬁ)o{ug%quac n(e6r#)s%§'rséec£§1n £ 828 {o7é -backgr ound conponents are 15
mai nt ai ned..;the ven thropgh thirteenth pixels fromthe :left belong
to the.cov§F§d b§?§é§6598’§?§§9 gfore the foreground and the. background

arg separated. -Aggqrghaghys the-foreground conponents arﬁﬁﬁ?t to 0, and .
gh'tenth pixels

- 20 from theihehbhr-egnstat SfmORLY bLPechor pOFOYPHuSE ROREELSnL8Nge thus, . the
- pixel values are set to 0. -

' the sixteenth pixel from the left in frame #n can be '

expressed by equation (66), and the sum £f17 of the

foreground components of the seventeenth pixel from the left

10 in frame #n can be expressed by equation (67).

£16 = C16~al6eP16 - (66)
. £17 = C1l7-al7ept7 : ' (67)
In this manner, the foregroﬁnd components fc contained
" in the pixel Valuerc of the pixel belonging to the covefed
15 background area can be expressed by equation (68) :
fc = C-awP - - - © o (68)
Qhere P designates the pixel value of the corresponéing
pixel in'the previous frame.
Fig. 67 illustrates the précessing for séparating tﬁe
20 foreground cpmponents from the pixels belonging'to the
.uncovered bacquound‘area# Ianig.HGT, al Ehrough ol8
___in&iCate mixture ratios of the individual pixels of frame-#h.
 In_Fig.‘67, the secohd,through foufth piﬁels from the left
. ¥belong't6 the uﬁébvered backgrbund area. 77 |

25 . The pixel value C02 of the second piXel from the'ieft -




The processing for separating the foreground and the -background executed
- by the foreground/ background separator 105 is described bel ow with
- reference to the flowhart of 25 Fig. 70. In step 5601, 199amafy 2008 menory
621. of-the 19 January 2006 - 162- separating portion.601 obtains an input
i mge, and-stores franme *n for which the foreground and the background are
separated together with the previous frame i ~-1 and the subsequent franme
#n+l. .5 In step S602, the separatiygy processing bl ock 622 of the
separating portion.601 obtains area information supplied fromthe
m xture-ratio calculator 104. In step S603, the separation processing

‘bl ock 622 _of thg se arating portion 601 obtains the mxture ratio cc
suppl i &8 FFOBEt iR TikeRe ceXRbessed iRy egualimmor(6804. In step S604, the

uncover ed pr S 631 tract .t he background conponents fromthe
pi xel valugéﬁgf téﬁ??ﬁﬁggﬁé?ﬂﬁﬁ%ﬂ%ﬁfﬁngb t he uncovered background area
supplied fromlthe, ry 621 based on the-area information and 15
the m xture ratiggggb?%%ggngSGOS, t he uncovered area processor 631

extracts * the foregpgynggegogponents fromthe pixel values of the .
pi xel s-bel onging to t%g u%govered background area supplied%??on1the frame

Tetep 200 Fhe e A TP 0, P PR Aol Bkl ouna
conponeréis EHOMMe bl ¥HankdliHES 23 W09 designates the pixel |
value of the second pixel from the left in frame #n+l.
The sum f02 of the foreground componenté of the second
pixél from_the left in frame #n can be expressed by equation,

10 (70) based on equation (69).

£02 = FOl/v

. C02-ct2eN02 | (70)
Similarly,:the_sum f03 of the foreground components of
the third pixel froﬁ the left in ffame #n can be expressed
15 by equation (71}, and the sum £04 of the foreground
components of the fourth pixel from the left in frame #n can

be.expressed by equation (72) .

£03 = CO3-q3eNO3 : _ (71)
- f04 = CO4-odeNO4 ) S T (72).
 20"- - 'In thiSimannerf the foreground ¢6mponents fﬁ-contained

in the pixel wvalue C of tﬁe pixel belonging to the uncovered .
1;bé¢kground area can be expressed by equation (73):
- fu = C-oeN S (73]
B  :whe£e N-deSignate$ the pixel valué-offthe:Cereépbnding,

'25'_pixel=in the subsequent. frame.




pi xel s belonging' to the covered background area supplied ..fromthe frane
menory- 621 based on the area information.and 25 the.m xture ratio a. 19
January 2006 -- 163- In step S607, the covered area prod8d BEWO
extracts. the foreground conmponents fromthe pixel values of the pixels
bel onging to the covered background area supplied fromthe frane nmenory
621 based on the area information and 5 the mixture ratio a. In step S608,
t he synt hesi zer 633 conbi nes the - figzegr ound conponents of the pixels

bel onging to the uncovered background area extracted in the processing of
step S605 with the foreground conponents of the pixels 10 belonging to .the

covered background. are xtracted in the processing of step S607. The
synthesizegj‘f:yfqg&)iuSCqJS ﬁ§9 6ﬁ§5n§ﬁﬁé§egﬁ§a§&ﬁﬁlP@Etﬁ o (RB1syAt ARsPzer 603

OTegr o

The synt 3 6 f [-conbines th ixel s bel ongi to the

' for eg?@ u% '%%%%e s@gepl '#I(Ee%(glf%&? ecc"sn\l/ﬁ%rbeﬁl% ; M ﬁ?’tan & 1%§r1%or egr ound

conpor | 4 separatd rti ‘601 so_as to generate a
foreg?%ﬁ%%négﬁgoﬁgﬁ#ﬁ%ﬁgggggln sté%&ggg§£%¥ﬁ%.§§%% esi78P 634 conbi nes t he

backgr xodl eRIMONEI S 1941491 6] STRELANING LY HhgedipgoYRLed backgr ound
p wtht

area extracted in the processing of 20 ste e background
cosponpfSrmit idie MaRtse hey Al nhdd I ®acRyebatadackar gHad aLea extract ed

in-the processing.of step 5.606. The synthesized background conponents
ar e. sujxpfommh tior himdiknities) 28fe RovE¥Rd background area

contained in the area information, and the mixture ratio o

for each pixel. |

Fig. 68 is a block diégram illustrating an example of

10 the configuration of the separating portion 601 .for
executing the above-described processing. An imégé input
into the,separating portion 601 is supplied to a frame

- memory 621, and the area information indicating the covered
.background area and the uncovered background area supplied
15 from the-mixture—ratio calculator 104 and the mixture ratio
. @ are supplied to a separation processing block 622.

The frame memory 621‘stores the input iﬁages 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

20 :-ffame before frame #n, frame #n, and frame #n+1, ﬁhich is

" the frame one fraﬁe after frame #n.

| Thelframe memory 621 supplies the corresponding pixels
3in.frame #n-1, frame #p, and.frame fintl to the separation
 9r0cessiﬁg-block_622.- N | |

25 __ The separatibn prdcessing block 622 applies the




synt hesi zer 605 further conbines the pixels belonging. to the 25 background

area supplied.via the switch 604 with the 19 January 2006 --- 164:

background conponents supplied fromthe separating-porti dAJamary 2W6as to

generate a background conponent imge. In step 5610, the synthesizer 603

outputs the foreground 'conponent inmage. In step S611, the synthesizer 5

- 605 out puts the background conponent inage. Then the process ends. As

~ discussed above, the foreground/ bagkgsaund separator 105 is able to
.separate the foreground conponents and the background conponents fromthe

i nput i mage based on the area 10 information and the mixture ratio a, and

out puts_the, foreground co onent |nage conS|st|ng of only the foreground
conponghtsY l%'ﬁ]cf"f%é? %E (Fehd'{;b FHeigsi &6 #gDof07 &y the

background co nents of anount. of notion blur.froma 15

f or egr'glﬁnop%%%g ‘fe’? ﬁgjtli‘aer é'lod‘"e%%srﬁ rl:?éll:b‘\ﬁellﬁ dn Frame dmsilack di agram

illust of the conf tion.of :the notion-blur adjusting

unit 1 %&d‘é‘% :)gnga\?}nect#&r élpt% s I‘Eqnbﬁzah ftr’fﬁ&'renﬁ'leim(?r’r‘y’t Peérleof

;suppllﬁggé&cggtgﬁé 400 el et téi?ﬁu¥ﬁé%¥% % ea820 |%fornat|on supplied
ad

fromthe area specifying unit are supp of - processing

Idﬁfsg; nrl%e{t::lgt%:cislg{d :él‘bdas%cﬁ%e %n@%ré&%(?c@%z%%h‘ geﬁoand”&% ar ea
pplie romthe foreground/ bdackgroun separator 105 is
- suppl itk tire tht iddeesB¥: 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. - |
10 The separation processing block 622 is formed of an
uncovered area processor 631, a covered area prscessor 632,
a synthesizer 633, and a synthesizer 634.
- A multlpller 641 of the uncovered area processor 631
multlplles the plxel value of the pixel in frame #n+1
A5 supplied,frgm the frame memory 621 by the mixture ratio «,
. and outputs the resulting pixel value to a switch 642. The
- switch 642 is closed when the pixel of fsame #n
{corresponding ts the pixel in frame #n+l) supplied from the
| .frame memory 621‘bélongs_t6 the uncovered background srea,
20 and supplles the pixel value multiplied by the mlxture ratlo
‘_a supplied from the multiplier 641 to a calculator 643 and |
the synthesizer 634. The value obtained by mult;plylng the
,Tpixel‘value of the pixel in frame f#n+l by the nixture ratio‘ 
 ‘aroﬁtput‘from'thstWifcﬁ 642 is eéuivalent to the'background

- 25 components of thespixel valué of the cofresponding pixel in




25. The unit-of-processing. determ ning portion 801 supplies, 19 January
2006 - 165, - together with the notion vector, the unit of processing that
i's generated based on the notion vector and the positiona.l9 Y2088 i on

t hereof and the area infornmation to the nodel- formng portion 802. The
unit-of-processing determning 5 portion-801 supplies the generated unit of
processing to the adder 804. As indicated as an exanple by Ain Fig. 72,
for exanple, the unit of processinggenerated by the unit-of-processing
determ ning portion 801 indicates consecutive pixels 10 disposed in the
noving direction starting fromthe pixel corresponding to the covered

backgrpound -area of the foreground. conponent image until the pixel
,correé%%ﬂﬁ? to the uncovered background area, or indicates consecutive
pi xels dis g direction starting fromthe 15 pi xel

qﬁFed i.n ggg nnviB

corresponding 6 1 HEARE0Pére FURERG LS UM PegkgROIND: HampPRents |
“corre i ng, t cover.ed,b round area.. The- unit of processing is
“forme lmr%i p]ﬁ:eoélgg:hoef S&'e{t%é:%asﬂéﬁ LR g @1%edr valasprd, t?‘ﬁe upper | eft
poi nt. {swhich J oSl L1 f the lLeftmost or the topnost pixel in the
i mage p(zl\(l)ﬂdlers}idg?\fa% e 6’?’ t%lﬁl lptc}%egl-o Bt é:g’eesﬁﬁﬁ')e YREOLKe PFdWEP fFght" - poi nt.

The mdelorofii 19,0 9ckied 808 LBnRraIael dRased; o ophe ggtion veotor

.and' the input unit of processing. Mre: speci npl e, the

model SppTiRG RO iF0Re823uhd: cohBoneitd Br tHe2PYR0FC:R pLYLE jLY of models
in accordance with _
belonging to the uncovered background area to the
synthes;zer 633. - |
A multiplier 651 of the covered area processor 632
10 multiplies the pixel value of the pixel in frame #n-1
supplied from the'frame memnory 621 by the mixturé ratio a,
and oufputs the resulting pixel Qalué to a switch 652. The
switch 652 is closed'when the pikel of frame #n
- {corresponding to the pixel in frame #n-1) supplied from the
15 frame memory 621 belongs to the covered béckground area,'aﬁd
supplies the pixel value multiplied by ‘the mixture ratio a'l
supplied from the multiplier 651‘toﬂa‘calculator 6533 and tﬁe
synthesizer 634. The value obtaiﬁed by multiplying the
pixel value of the.pixel'injframé #n-1 by tﬁé mixture ratio
| 20 o output from the switch 652 is equivalent to therbackground,
--compcnents Qf the. pixel value of ﬁhe corresponding pixel in .
. frame #n.
__The calculatorﬁsq subtraéﬁs the background c6mponénts
-Suppliedrfrbm the switch 652 frém}fhe'pixeluvalué of-the,

25 pixel‘in frame fin supplied—from{the frame memory 621-soras




Y 19 January 2006 - 166- the nunber of pixels contained.in the unit of
processing, the'nunber of virtual divided portions.of the pixel value in
the tinme direction, and the nunber of foreground conponendfdamfapy 2&Kch

pi xel - The nodel -form ng: portion 902 then may 5 select the nodel in which
the correlation between the pixel values and the foreground conponents i's
desi gnated, such as that in Fig. 73, based on the unit of processing and
the nunber of wvirtual divided pogtbggs_of the pixel value in the tine
direction. 10 It is now assuned, fof~éxanple, that:the nunber of pixels
corresponding to the. unit of processing is 12, and that the amount of
moverment v_w thin the shutter tinme is 5. Then, the nodel -forning portion
802 seft® rhéajintde doregnounsl compogedtsor t iTbrs chdcBlatand6sal ects a nodel
formed of 15 eight types of foreground conponents so that-the-I|eftnost
.pierSBBRﬂ&Pﬁs%Bﬁe PEESFCYRRd conpposals, ofh&hsepdndlpinefraneotmt he | eft
cont ai sltmn.forggro nd-.conponents, the third pixel fromthe left

cont ai H§PREIEEYf &Pe e VESRFoRERkrounRe arear tR phrebyntbeasizer |eft.
contaiggjfour pi xel 20 conponents, the fifth pixel fromthe | eft contains
five T0Oréground conponents, the sixth pixel fromthe left contains five

or 2o oung TATEREREe1HRE BRYFONDBhag) che Rt Lo ST Ve
fOregrQFnéhgoﬁﬁggfgtEelEHSing to the uncovered backgroﬁnd area and
o ,suppliedvfrom the calculator 643 with the foreground
components of the pixels belonging to the covered background
area and supplied from the calculator 653, and supplies the
" 10 synthesized foreground components to the frame memory 623. |
| The synthesizer 634 combines the background.componehts‘
of the pixels belonging to the uncovered background area and
sﬁpplied from the switch 642 wiﬁh the background components
qf the pixels belonging to the covered background area and
.15 supplied from the switch 652, and supplies Ehe synthesized
. background components to the frame'memory 623. |
'  The frame memory 62ﬁ75tores the foréground components
and‘the'background components.df.the pixels in the mixed
. | area.of frame #n supplied from fhe separation prdcessing
20 block 622. o
The  frame memofy 623 outputs the stored foregroud
'lcbmponents of the pixels in the mixed area in frame #ﬁ and
" the stored background"components_Qf.the piXels‘in‘the mixed -
1:jarea;in frame #n; | | |

L 25 5  By utilizing the mixture ratio q,'Which indicates the




- shutter,

-25 ninth pixel fromthe left contains four. foreground 19 January 2006
-.167- conponents, the tenth pixel fromthe left contains three
f oreground conponents, the el eventh pixel fromthe |eft d8deznang290to
f oreground conponents, and the twelfth pixel fromthe left contains one
foreground conponent. 5 .Instead of selecting a nodel fromthe prestored
nodel s, the nodel-formng portion 802 nay generate a nodel based on the
notion vector and the unit of prqpqﬁﬁiqg when the notion vector and the
unit of processing are supplied. The nodel-form ng portion 802 supplies the
selected 10 nodel to an equation generator 803. The equation generator 803
generates an equation based on the nodel supplied fromthe nodel-form ng
porti oft@ERre deartibyi obhe steyfewrowed owpmpenéntefardidet o t he nodel of
-the faqreground conponent image shown in Fig. 73, of 15 equations generated
by the? PR (eerreRIR t B0 RkEINedeln i apixgl fealappugah dwponents i s
8, the n%gﬁgr f pixels. corresponding to the unit of processing i.s 12,
and t He"™ YofeRaRat®tht v is 5.. Wen the foreground conponents
cont ai ned Hn t he f ar eground copponent i mage corresponding to the

tl

RS PYRRR S FRF OP0 GORPRASH then dOresFoushs koppoBenkcen FOL/ v -
e PS04 1 AT S B8 4/ R, ke SRy =
' separating portion 601 with the pixels belonging to the
forgground 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
10 putput from the separating portion 601 with thé.pixels
belonging to the background-area so as to generafe a
background component image. |
Fig. GQA_i;lustrates an example of the foreground
- component image cofresponding to ffame #n in Fig. 65. The
15 leftmost pixel and the fourteenth pixel from the left
' consist of only the background Components befofe the
foreground and the background are separated, and thus, the
pixel values are set to 0. | |
" The secénd-and_fourth ﬁixels from the left belong to
3 20 the uncovered background area before the foreground and the
;background'are séparated; AcCordingly, the-backgrOUnd
components are set to 0, and the foreground compqnents'are,
'1maintained. The eleventh through .thirteenth pikéls-frém_the_
 left.bel6ng to the covéred'backgréuﬁd area-before-the

25  foregroghd and the backg;ound-are.separated. Hcéordingly,




19 January 2006 5 CO03 = F03/v+F02/v+FAy (76) C04 = F04/v+F03/v+F02/v+FQAy
(77) Q05 = FO5/v+F04/v+F03./v+F02/v+FAy (78) Q06 =

FO6/ v+F05/ v+F04/ v+F03/ v+FQ2/ v (79) c07-= FO7/v+F06/ v+Fo3PJammty 300603/ v
(80) C08 = F08/v+FO7/v+F06/ v+FOB/ V+FO4/v (81) CO9 = ,

FO8/ v+F07/ v+FO6/ v+FOB/ v (82) Cl O = FO08/v+F07/v+FC6/v (83) Al =
FO8/v+FO07/v 10 Cl2 = FO8/v (84) (85) The equation generator 803 generates
an equation by' nodifying the genarated equations. The equations generated
by the equation generator 803 are indicated by equations (86) though
'(97). 15 CA = 1F01/v+0FQ2/ v+0FQG8/ v+0. FO4/ v+0FO6/ v . +0F06/ v+0FO7/ v+0OFC8/ v

- - [ v+1FQR/ v+OFQ3/ v+OF04/ v+OFQ5/ v _+OFQ6/ v+0F07/ v+OFCB/ v (87)
05 = T FRA e By AT RO B & f+é§éoet?«?+¥§@;5m§wp/ee/(vgg§3% :
.= -+ FO4/ v OFQS/ +0OF06/ v+QFO7/L v+QF v _ =
icgg'l/\ﬁ]?; oﬁeﬁfsg%+3}‘§%§!fy\iﬁff€@ﬁ@e %/ﬁ%ﬁ’:‘& Pt&F&/"\O‘Fﬁfsgo) |

from the left consist of only the foreground'components,
which afe.thus maintained.

S5 - Fig. 69B illustrates an example of the background
component image corresponding to frame -#n in Fig. 65. The
leftmost pixel and the fourteenth pixel froﬁ the Ieft
consist of oniy the background components before the
foreground and the background are separated, and thus, the

10 baquround components are maintained;

The secoﬁdfthrough fourth pixels from the left belong
to the uncovered background area before the.foregrbund and
the background are separated. Accordingly, the foreground
components are éét'toro, and the background components are

15 ﬁaintained. The eleventh through thirteenth pikels from the
:;left beléng to'thelcovered béckgroﬁnd-area before the |
foreground aﬁd the background are separated. Accordingly,
thé-foreground components are set to 0, and the background
comppnénts are maintained. The fifth.through teﬁth pixéls
- 20 from the left Cohsist of -only the foreground components; and
thus, the bikel values are set to 0. | -
| The processing-er separating.the féreground and ther
»backgrdund executed by the foreground/background séparator'
.;05 isldéscribed below with reference to the flwaha£t of

25 Fig. 70. In step S601, the frame memory 621 of -the




25 C06 0F01/v+1F02/v+1F03/v+1F0 4/ v+i FO5/v 19 January 2006 - 169-
+1F06/ v+0F07/ v+OF08/v CO7 = OFOL/ v+0F02/ v+l FO3/ v+l FO4/ v+l FOB/ v
+1F06/ v+l FO7/ v+0F08/v C08 = OF01/ v+0FQR2/ v+0F03/ v+l FO4/ v4P Famyagy 2006
+1F06/ v+1F07/ v+1F08/v C0.9 -= OF01/ v+0F02/ v+0F03/ v+OFO4/ v+l FOB/ v

-+ FO6/ v+1F07/ v+1F08/ v Cl O = OF01/ v+OF02/ v+0FQB/ v+OFO4/ v+0FQOB/ v

+1F06/ v+1F07/ v+l FOB/v 10 Cl1 = OFOL/ v+0F02/ v+0F03/ v+0F04/ v+0F05/ v
+0F06/ v+l FO7/ v+1F08/v Cl2 =- OFO-/ u68FQ2/ v+0FQB/ v+OFO4/ v+OFOB/ v
+0OF06/ v+OF07/ v+1F08/ v Equati ons (86) through (97) can be expressed by
equation. (98) . 08 C,j =Y aij. Fi [/ v i-0L (91) (92) (93) (94) (95)

(96)-%%%Erating portion 601 obtains an input image, and stores
frame #n for which the foreground and the background are
separated'togetherlwith the previous frame_#ﬁ—l and the
subsequent frame #n+l.

5 In step S602, the separetion'processing block 622 of
the‘separating portione601 obtains area information supplied
from the mixture-ratio calculator 104. 1In step 5603, the
separation processing block 622 of the separating portion
601 obtains the mixture ratio o supplied from the mixture-

10 ratio calculator 104.

In step $604, the uncovered area processor 631 extracts
the background components from the pixel values of the
pixels belonging to the uncovered background area supolied
from the frame memory 621 based on the area information and

15 the mixture ratio .

. In step 5605, the uncovered area processor 631 extracts
"the foreground components from the pixel values of the
pixels belonging to the uncovered background area supplled

__from'the frame memory 621 based on the area information,and

20 the mixture ratio «.

| In step 8606‘ the covered area processor 632 extracts
-the background components from the plxel values of the .
pixels belonglng to the covered background area supplled

.'g.from the frame memory 621 based on the area lnformatlon and

25 the mlxture ratic a.

15.




(98) In equation (98),'j designates the position of the pixel. In this
exanple, j has one.of the values. from1l to 12. In .equation (98), i .
desi gnates the position of the foreground .20 .value. |A9 Javagy nple, i
has-one of the values from1 to 8. 1In equation (98), aij has the value 0O
or 1 according to the values of i - an.d j. Equation (98) can be expressed
by equation (99) in 19 January 2006 - 170- - B G = aij-Fi/v+ej =01 (99)
.I'n equation (99), ej designates._thgzerror contained in the designated

pi xel G . Equation (99) can be nodified into equation (100). OB 5 ej =G -
Zaij - Fi/v. i=01 (100) In order to apply the nethod of |east squares, the

square sum.E of_ th rror.is defined as equation (1Q01). 12 E _ 2ej2 j=01
(101) In order%® 5607 $hey FEVEFFGr AXffe PTRSEFPQE 032 extracts

the foreground components from the pixel values of the
pixels belonging to the covered baquround éiea_supplied
from the frame memory 621 based on the aiea information and
5 the mixture ratio «. - | '
~In step 5608, the synthesizer 633 combines the
foregreund'components of the pixels belonging to the
uncovered backgroqnd area extracted in the processing of
step S605 with the foreground cemponents of the pixels
10 belonging to the covered background area extracted in the
processing of step S607. The synthesized foregreund'
cOmponénts.are supplied to the synthesizer 603. Tﬁe
synthesizer 603 further-combines the pixels belonging to the
foreground arearsupplied via the switch 602 with ehe
15 fereground components supplied from the separating ﬁortion
601 so as to generate.a foreground component image.

In step $609, the synthesizer 634 combines the
-backgroﬁnd components of the pixels belonging to the
.ﬁnceVered background area extracted in the processing of

20 step S604 with the backgfound components of the pixels |
‘belonging to the covered background area extracted in the
_processing of stép S606. The synthesized background
'COmponents are_supplied te the synthesizer 605. The

vwsynthesiier_605 furthef-combines the pixels belengieglto the

' '25 background area supplied via the switchf604'with-the




| 10 differential val ue using the variable Fk with respect to the square sum
E of the error should-be 0. Fk is determ ned so that equation (102) is
'satisfied VE: 12 ae j dFk OFk 1=01 12 as Y((C 19 January 200

Eaij.Fi/v)-(-akj/v) = -0 1=01 i =01 (102) In equation (102), since the
anount of novenent v is a 15 fixed value, equation (103) can be deduced.
iz Oe akj - (G --- laij - Fi/v) 0 7=01i=01 (103) To expand equation .
(103):'and transpose the terms,._ egyation (104) can be obtained. = 2 Z gj
- 19 January 2006 - 171 12 08 12 >?ak1 Zaij - Fi). = vEakj - g : _
background components supplied ffoﬁ fhe separating'portion
661 S0 as to generate a background component image.
In step S610, the synthesizer 603 oufpdﬁs the
foreground bdmponent image. In steb 5611, the synthesizer
5§05 outputs the backgroﬁnd component image. Then the |
brocess ends. _
As diScusséd above, the foreground/background separator
105 is able to separate the foreground components and the
background components from-the'input_image based on the area
10 vinformation and the mixture ratiq o, and outputs fhe
foreground component image consisting of only thé foreground
compohents.and the background éomponent image consisting of
only the background components.
Adjustments‘of the‘amount Of motion blur from a
15 foreground component image é:e_described bglow-
- Fig. 71 is a block diagram illustrating an example-of 
£he configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof
supplie& from the motion dete;tor 102 and the area
- 20 '_information subplied from the area specifying upit_103 aré‘
supplied to a unit-of-processing determining portién 801 and
a mbdel—fOrming qution 802. The area'informatiOn supplied
from tﬁe'foreground/backgféund separator 105 is supplied to
. the adder 804. " | |

25, ‘The unitfof-prOGessing-detérmihing_ﬁortion.Bel supplies,




j=01 i=01 j=01 (104) Equation (104) is expanded into eight equations by
substituting the individual integers from1l to 8 into k in equation (104).
The obt ai ned ei ght equations can be expressed by one natlfJanuaguilcon. ThIS
equation is referred to as a "normal equation”. An exanple of the norma
equation generated by the equation generator 803 based on the method of
| east squares .is indicated by equation (105). F 12 , EG i=08 54321000
FO G i=07 10 45432100 FO2EC 345@% 10_F0309 23454321 FO4E Ci 10'|—05
08(105) 12345432 FO5 01234543 FOGE =04 . 07 00123.454 FO7E G
_together with the motion vector; the unit of processing that
is generated based on the motion vector and the-bositional
information thereof and the area informatioa_to the model-
forming portion 802. The unit—of~procesSing determining
5 ' portion -801 supplies the generated unit of processing to‘the
adder 804.
As indicated ae an example by A in Fig.'72, for example,
the unit of processing generated by the unit—of—processing.
determining portion 801 indicates consecutive pixels
10 disposed in the moving direction atarting from the pixel
corresponding to the covered background area of fhe
foreground- component image until the pixel corresponding,to
the uncovered background area, or indicates consecutive
pixels_dispoSed.in the moving direction starting from the
15 pixel corresponding to the uncovered background area until
- the pixel corresponding to the cove:ed-background area. The
~unit of proceasing is“formed of two'pieoes of data which
indicate, for example, the upper left ﬁoint (which is the
p051t10n of the leftmost or the topmost pixel in the lmage
20 _de51gnated by the unit of proce531ng) and the lower rlght
| .p01nt.~ ' ‘ |
. The modelnforming portion 802 forms a model basedfon'
the motlon vector and the input unit of proce551ng. More

spec1f1cally, for- example, the model formlng portlon 802 may

'_‘25' store in advance a plurallty of models in accordance w;thr




00012. 345 F08i =03 06 ECG 1=02 05 J EC|. Wen equation (105) is expressed
by AF=v'C, C A and v are known, and F is unknown. A and v are known when
“the' nodel is. formed,. while C beconmes known when the pil2diangaay d@06 i s
input in the addition- processing. - 172- By.calculating the foreground
conmponents-according to the normal equation based on the method of |east
squares, the error contained in the pixel C can be distributed. The
equation generator 803 supplies thgggormal equation 5 generated as

di scussed above to the adder 804. The adder 804 sets, based on th_e unit of
prbcessi ng supplied fromthe unit- ]of proces’zi ng deter[n' ni ng portltﬁn 80t1
“the pi value C contained in the foreground conponent image in e matrix
equafl%’r? SRS Gred rﬁn‘rﬁeclﬁecéﬁﬂa s 2 Hidy dopromessiader 804

suppl i sthe mat rix _i.n whi.ch |er vaIueC|s set to a_cal cul ator 805.
The ca cuI keI o vEhiedr $4 H‘i’%“? R oo dsomdiel FaARef ABm whi ch

I I b h based' a solution, such as a
Cveep bl il Gﬁff%*f&;%él‘?ﬁn?o = %Sﬁ%go%re%w@ F8EEBP&PHS§A|1 h
corresRndiy o1 | N gt o% f h q:t %%erg% fromO to 8 ichis

rg%] ue}éf &e pe t SFEnTREY

‘the pixel rom whic rmtlon
5 select the model in which the correlation between the pixel

values and the foreground components is designated, such as .
that in Fig. 73, based on the unit of.processing and the
number of virtual divided portions of the pixel value in the
time direction.

10 It is now assumed, for ekample, that ‘the number of
biXels corresponding to the unit of processing ie 12, and
that the amount of movement v within the shutter time_is 5.
Then, the model-forming portion 802 sets the number of |
virtual divided portions to 5, and selects a model formed of

15 eight types of foreground components so that the leftmost.

‘Apixel contains one foreground component, the second pixel

from the left contains two foreground-tomponents, the third

pixel from_the left contains three foreground components,
the fourth pixel rrom_the,left contains;four pixel
_-20 _components, the fifth'pirel from the left contadins five
foreground Components, the sixth pixel from.ﬁhe left
contains five foreground components, the seventh pixel from
the left contalns flve foreground components, the elghth
,Lplxel from the left contalns five foreground components, the

25 nlnth:plxel‘from the left contalnsrfour foreground



cal cul ator 805. then outputs the foreground conponent inmage consisting of
the pixel values Fi without notion blur,. such 20 as that in Fig. 74, to a
moti on-bl ur adder 806 and a .selector 807. In the foregrd8fahvegnzifbent
~image w thout notion blur shown.in Fig.74, the reason for setting FOL
through FO8 in. CO3 through CIO, respectively, - is..not to change the
position 25 of the. foreground conponent image with respect to the screen.
19 January 2006 - 173- However, -FQ%7t hr ough FO8 nmay be.set in any desired
~positions. The notion-blur adder 806 is able to adjust the anount of
notion blur by adding the anmount v.' by which notion blur is adjusted,

whi ch f f f f | e, h

i A AT I T S
_ggleugt eﬁpé%\ﬁl tTmét%/sa(nt thee’[]‘ra:em%%1 B rﬁlx %?Cghé:ﬁh {t Or)ftllglolr”e;(:mpl e, as
shown &dnfd s 7&&&?@6}{3&{& t2:10‘er %‘?ﬁfs 8%@-@1%}%' Yf:'v%elsfri]:%ng)t ;L aheground pi xel

~value Fi without noti ur by anﬂu |on blur is

adj ust eebBorias 1d O Qhidlihd ke Cfro%:@ CUBRGRL LT/ V' . The moti on--blur
‘adder 806 then cal culates the sum of the foregfoun conponents Filv' , -

t her eby gemersttdad drh@eliex€lingahURolB1 kéomhtﬁe ﬁ?@s@ﬂ?@&tmeae tion blur
i s ‘adj usted. For exanple, when the anmount V' whi ch notion ur is

adj usttdte ind1-fdieninig glortdloue 8022 nay @@hek@t@Falhbuel bhgeni ¥8l value 3
is set to (FOl+ FO2)/v', the pixel value C04 is set to
- the motion vector and the unit of processing when the motlon
vector and the unit of processing are supplied.
The model-forming portion 802 supplies the selected
10 model to an equation generator 803. -
The eqﬁation generator 803 generates an equétién based
on the model supplied from the model-forming portion 802. A
description is .given below, with'rgference'to the modél of
the fo;egrouhd component image shown in Fig.773, bf
15 equations generated by the equation generator 803 when the
number of fo;eground components is 8, the number of pixels
corresponding to the unit of pfocessing is 12, aﬁd'the
qmbunt‘of movement v is 5. |
- When the foreground components contained in the
20 foreground component image corresponding to fhe shﬁtter-
,time/v are FOl/v thrbugh fOB/v, the relationéhips between
FOl1/v thfoughrFOB/v and thé’pixél'values C01l through Clé'dan
‘be expressed by equations (74) through (85). |
‘Col‘='F01/%._ . o ST ) -.kiqi'

FO2/v+EOL/v E sy -




(FO + FO2+F03)/v',. and the pixel value CO5 is set to 20
(FO2+FCB3+FO4)/v' - . . The notion-blur adder 806 supplies the foreground
conponent image in which the anount of motion blur is adfdeer 2096, a

sel ector 807. The sel ector 807 selects, ' based on a selection signal .25.
reflecting ."a user's selection, one of the foreground 19 January 2006 -
174- - conponent inmage supplied fromthe cal cul ator 805 from which notion
blur is elimnated and the foregrourgh conponent-i mage supplied fromthe
noti on- bl ur adder 806 in which the amount of notion blur is adjusted,, and
outputs the selected 5 'foreground conponent inmage. As di scussed above, the

not i on- bl ur, dj in it is able to adjust the anmount.of notion
bl ur basedc%ﬁﬁfhgggégﬁgﬁg/gﬁigﬁﬁhal and the anount v' by vii®h notion bl ur

is adjusted., 10 Al r —uhen the nunmber of pix
correspond?ﬁg toF@%ZQﬁgﬁg/3§¥%?2§§ gﬁﬁb is 8, and the anndﬁb% of novenent v

‘is 4, as s i irg. , oY o3l o] HT1 .adj-usting unit. 106 generates
cas. @0E/g+Fagé§+ge%fgg%bgpng53¥b6 - ey =08 15 4 3

a matrix equation express equafi on ). . 1 os |

2 10. FOlcoe = FO6/v+FO5/v+F04/v+F03/v+F02/v (79}
'S CO7 = FO7/v+F06/v+FO5/v+F04/v+F03/v (80)
C08 = FO8/v+F07/v+F06/v+F05/v+F04/v 81

€09 = F08/v+F07/vV+F06/v+F05/v - (82)

C10 = FO8/v+F07/v+F06/v E (83)

Cll = F08/v+F07/v | | (84)
10 Cl2 = FO8/v o | ; - (85)

The equation generator 803 generates an equétion by’
_ .modifying the generated equations. The gquati@ns generated
by the equation generator 803 are indicated by equatiéns
(86) thpugh‘(97i. | | |

15 co1

= 1eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+0eF08/v . (86)
CO2 = LeFO1/v+1eF02/v+0eF03/v+0eF04/v+00EQS/v
+0eF06/v+0eF07/v+0eF08/v (87y
._;CQB = IOFOi/v+1-F02/v+1-Fd3/V+OOF04/v+OoFDS/vf
20 .. +0eF06/v+0eF07/v+0eFO8/v S (s8)
C04 = 1eF01/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
.7 | +03E06/v40-f07/v+0qE08/v - (89):
_'cbs = 1-F01/v+1-F02/v+1-F032v+1oF04/vf1qF05/v

+0eF06/v+0eF07/V+0eFO8/v: - - .- (90)

25 C06 = 0eFO1/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v




34321F0223432F03=v 12343F0401234F0507 (106) YC
~1=04 06 ECG i=03 05EC 1i=0204YCG i=0i In this manner, the

moti on-bl ur .adjusting unit 106 calculates Fi, which is tlRdapiaxe?006al ue. i n
“which the anmobunt. of notion blur.is.adjusted, by. setting up the equation
I n accordance'with the length of , the unit. of processing. 19 January 2006
-- 175 Simlarly, for exanple, when the nunber of pixels contained in the
unit of processing is 100, the eque% on corresponding to 100 pixels is
generated so as to calculate Fi. Fig. 77.illustra.tes.an exanple of another
configuration 5 of the notion-blur adjusting unit 106. The same el enents

as | +1eF06/v+0eF07/v+0eF08/v = (91)
€07 = 08FO1/v+0eF02/v+1eF03/v+1eF04/v+1eF0S/v
+1eF06/v+1eF07/v+0eF08/v (92)
CO8 = 0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
5 - 41-F06/v+1-F07fv+10F08/§ (93)
- CO9 = 0eF01/v+0eF02/v+0eF03/v+0eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v (94)

Cl0 = 0¢F01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v

+1eF06/v+1eF07/v+1eF08/v (95)
10 Cll = 0eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/ v
+0eF06/v+1eF07/v+1eF08/v (96)

C12 =-OoFOl/vaiF02/v+OoFOB/V+00FO4/V+00F05/v
| +00F06/v+0sF07 /v+1eF08/v (97)
Equationé (86) through .(97) can be expressed by

15 equation.(98).

- S aij- /v (98

i=01

.In equatlon {98}, 3 de51gnates the posxtlon of the pixel.

In thls example, j has one of the values from 1 to 12 In
;equatlon (98}, i de31gnates the position of the foregroune
20.hvaluer In this example, i has one of the values from 1 to 8,
In equatlon {98}, aij has the value 0or 1 accordlng to the

'Values of i- and J.- | |
' EquetiOn (99) can be expressed by equatlon (99}‘in

con51derat10n of the error.




t hose shown in Fig. 71'are designated with |ike reference nunerals, and an
expl anation thereof is thus omtted. Based on a selection signal, a

sel ector 821 directly supplies an input notion vector aanéﬂ%RﬁﬁZﬂDénal
signal 10 thereof to the unit-of-processing deternining portion 801 and

t he nodel -form ng portion 802. Alternatively, the selector 821 may
substitute.the magni tude of the notion vector by the anobunt v' by which
notion blur is adjusted, and then supplies the notion vector and the
positional 15 signal thereof to the unit-of-processing determ ning portlon
801 and the nodel-forming unit 802. Wth this arrangenent, the
unit-of-processimg det erm ni ng portion 801 through the cal cul ator 805 of
the. notiams adjjusgi ngyupidy 106 shown in Fig. 77.are £ to 20 adj ust
t he anmount of HE aon blur in accordance with the . anmount " ovenent v
and the amount v' by mhlch notion blur is adjusted For exanple when t he-

anmount y@f (et (4§ amunt v fion . blur is
adj ust ed ?cg@% ! u)n'l te of = pr (J(%GEZSI %Lhdeet%?lfﬁ% (?ﬁf’t;?o]rrﬁ%o %Otlhef hr ough t he
25 Caldégféégtéﬁﬁbfgeﬂ . noti on-blur adjusting unit 106 shown.' 19 January -
2006 - 17 - in'Fig. 77 execute conputation on'the foreground conponent

_imge in Wigkitibe quoYntaal HEOKS [ F| 73 according to
t he nodel sﬁ%km in Ie!zlgl)I 7? in Whl?g&&e& 1§§§U%Qﬁﬂﬂlgﬂ 1%OH ‘notion blur is

adjusted is 3_ As a,25. result, the inmage containing notion blur having the
amdunt  of SoFeRdnt éﬁJ(dﬁbdnv of novenent v)/(anDunt v.(10my which

i=01

In order to apply the method of least squares, the

square sum E of the error is defined as equation (101).

12

E= Y ef | | | . (101)

j=01

In order to minimize the error, the partial
AlO differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equatlon (102) is’ satlsfled-

JE.
ak C ]Z;: J'—m
. (102)
=2- Z{(CJ— Zal] Fl/ v) - takj / v) =
j=01 i=01

In equatlon (102), 31nce the amount of movement v ls a

15 - flxed ‘value, equation (103) can be deduced.

12

Zakj (C;.-Zal_j F1/v) . _(,103)

j=01 101

To expand equation (103) and transpose the terms,.

V_equatlon (104) can be obtalned.




nmotion blur is adjusted) = 5/3, i.e., about 1.7 is obtained. In this case,
"the calculated i nage does not contain notion blur corresponding to the
amount of novement v of 3. 10 Accordingly, it should be né®tJeduaryi3f0G he

rel ati onship between the amount of novenment v and the anmobunt v' by which
motion blur is adjusted is different fromthe result of the notion-blur
adder 806. As discussed above, the notion-blur adjusting unit 106 15
generates the equation in accordan wi th the amount of novenent v and
the-unit of processing, and sets "t he' pi xel values of the foreground
conmponent-i mage in the generated equation, 'thereby cal cul ating the
.foreground ggnponent image in mhlch t he anobunt of notion blur is adjusted.
.20 The proc f ] Usti ng of notion blur tained in the
~foreground ézz%g%eq f%égeﬁgxecaiggaﬁgptﬁé not i on- bl ur aﬁﬁﬁgting.unit 106
is described be|OM/MAth -reference to-the flowhart of Fig. 78. In-step

S801, the |t prgﬁgsslng deternlnln% 25 portien 801 of the notion-blur
adj usting 168 d at-8se¥B2 2068 9ht1 prLaLions it of

proce n R t he ti.on vector and the area information, and
~ suppl qusb%qﬁ%hﬁ g:théad lﬁ’ﬁ) 8’?"‘% OCHLISHF tiFdmhe rﬁﬂj«ﬁ kg Bpor ti on 802.
I n st deI for ortion . 802 of .the tion-blur adjusting
unit 108 select@'o generatg%%%#JJrﬁﬁﬁht %@5@%6Wﬁhﬁ@@' %h the anount of
oy e%fés%r% 38 ondN ik +@5 3P* %%ﬁ:%.'oqp TS q%a%%.%% 1tshel:‘eef%lil:%teldon

~ gener at or
to as a “normal equation”.

An example of the normal equdtion generated by the
equation generator 803 based on the method of least squares

is indicated by equation (105).

" 12 T
> ci
i=08"
. 11
- - >, Ci
[S 4 3.2 10 0 ofro1] [ |
4 543210 0jFo2 > ci
134 5 4 3 2 1 0]F03 T
10° 12 3 45 43 2 1froay '__ZUSCi S _
1 2345 4.3 2QF05| 7 ¥~ %c (105)
1
012345 4 3JF06 |5,
. 07
0 012345 4|{F07 Y ci
__-0 001 2 3‘4- '5J_F08_ . .-.i;gs
ci
| i=02 )
| Dl

[i=01
When equation {(105) is expressed by AeF=ve(, C, A, and v -

-are known, and F i-s unknown. A ajnd v are known when the

model is formed; whlle C becomes known when the plxel value

ls 1nput in the addltlon process:l.ng.




803 generates the normal equation based on the selected nodel. 10 In step
5804, the adder 804 sets the pixel values of the foreground conponent
image in the generated normal equation.. In step S805, tlAdamutie200804
det er mi nes whet her the pixel values of all the pixels corresponding to the
unit of processing are set. If it is determi.ned that the pixel 15" val ues
of all the pixels corresponding to the unit of processing are not-yet set,
the process returns to step S804,. 1and the processing for setting the pixel
values in the normal-equation is repeated. If it is determ ned instep S805
that the pixel values 20 of all the pixels corresponding to.the unit of
processing _ are set, the process proceeds to step S806. In step S806, the

cal cul at or BY053GUIGENEs Hige Toredir ApRdy SOMPPrIERE S B&COFFRAd tPn whi ch the
“anount,,of noti blur_.is adjusted ..based . on the normal. B equation in which
Tho pi SA¢ SRHTL TP APIHARES h, Sl BRIIHE 6 4630 B Sfren.  t he
proce ends. - 19 January .20 - 178-, -, As_di,scussed .abqve, the notion-Dblur
adj ustsll'st}leg %qr 1%1ta#-lsnea et & g-l % jJ‘uxs(?l t%ec%ﬁ%téjﬁet'f%&o%d‘bl ur of the ,

Lrreoropnd R4S GRALA BendraRb0Bo WhrfRIed el BE AR QuaKeshor and the

area informati It 1S poss étoa unt of notion

bl yr coainads iy e Rikla VRS td Nale i%déaprﬁ yned in sanpled data: As
is seen fromthe foregoling. description, the signa
The adder 804 sets, based on the unit of processing
supplied from the unit-of-processing depe:mining portion 801,
the pixel wvalue C containéd in the foreground component
image in the matrix equation supplied from the equation
10 generatof 803. The adder 804 supplies the matrix in which
the pixel value C is set to a calculator 805, ‘
The calculator 805 calculates the foreground component
'Fi/v from which motion blur is eliminated by the pfocessing.
based'qn a solution, such as a sweep-out method {Gauss-
15 Jordan elimination), so as to obtain Fi correspending to i
. ihdicating'one—of the integers from 0 to 8, which is the
pixel valué from which motion blur ié eliminated. The
calculator 805 then outputs the foreground compbnent image
| - consisting of the pixel values Fi without motion blur, such
jéo. as that in Fig. 74, to a motion-blur adder 806 and a
. selector 807. | | h |
" In the fOreground-compoﬁent image without motion blur
jshown-in Fig; 74, the ;eason_fdr setting FO1 through FOé in .
--;COB thrbﬁgh.cio, respectively,fislnot tO-éhangg.the bosition

ﬂ_25 of the foreground component image with respect to the screen.




processi ng apparatus shown in Fig. 2 is able to adjust the 10 anmount of
notion blur contained in the input inage. The signal processing apparatus
configured as shown in Fig. 2 is -able to calcul ate the APXewnaey 246 o a,
whi ch i's enbedded information, and outputs the calculated mixture ratio a.
Fig. 79 is a block diagram illustrating another exanple 15 of the
configuration of the notion-blur adjusting unit 106. The notion vector and
the positional .information thereof ;supplied fromthe notion detector 102
~are supplied to a wunit-of-processing determ ning portion 901 and an
adjusting portion 905. The area information supplied fromthe area .20
specifying unit 103 i's supplied to the. unit-of-processing

det er nilavagepor FPbntboauglThE08 oreyr bendetofiponent desiged poppltiedsf.r om t he
f or eground/ background separator 105-is. supplied to a calculator 904. The
uni t - of - pr ocs HHg Gtk Adlg &G ds gblesFeplaiddsst Zbet egeuindr with the
nmotion_yector, the unit of processing 19 January 2006 - 179- generated
based Bh PRI AT VRE (MY Ehte BBING GRalbY iviHsih@atden Ao and t he

area informpation . to a nodel - formng portiaon 902. The npdel -form ng portion
902 1 oP e D WoEt: DULETR ofF B THRF ST P et AT 198 MRmRH: ¢ of

Ty STore kiR It o B e o ded S 1 |the number
O LB O 54 T 1 SR B e SR 21 V1T
movement v, or the amount v' by which motion blur is

adjusted, which is irrelevant to the amount of movemént v,

For example, as shéwn in Fig. 75,‘the motion-blur adder 806
10 divides the foreground pixel value Fi without motion blur by

the amount v' by which motion blur is adjusted so as’ to

obtain the foreground componentrfi/v'. " The mofion~blur'

- adder 806 then calculates the sum of the foreground
components Fi/v;, thereby generating the pixel value in
15 which the amount of motion blur is adjusted. For example,
. when the amount v' by which motion blur is adjﬁéted'is 3,
the pixel value C02 is set to (FO1) /v', the pixel value C3
 is set to;(F01+F02)/v‘, the pixel value CO4lis set to

(FO1+F02+F03) /v', and the pixel value'COS is set to
20 (FO2+F03+F04) /v,

The mdtion—blur-adder 806 supplies the.foreground
componenf image in which the amount'ofrﬁotion 5lur is -
‘adjusted to a selector 807.

The‘éelector.807_Selects,'baSed:on a'seiegtion éighal

'7_%5 _reflectiﬁg‘aAﬂser's selection, one of_fhe foreground




10 the tine direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 then may select the. nodel _in which
the correlation between the pixel values and the foregrdddanwesng¥®ents is
designated, such as that in Fig. 80, based on the unit of processing and
the 15. nunber- of virtual divided portions of the pixel value in‘the tine
direction. .. It is now assuned, for exanple, that the nunber of pixels
corresponding to the unit of procedsisng- is 12, and that the anount of
novenent v is 5. Then, the nodel-form ng 20 portion 902 sets the nunber

of "virtual divided pOrtions to 5 and selects a nodel fornmed of'eight

types o Sgro ent sg.so that t | .ef .t most el c nt ai ns one
foregrourﬁd&%onpoinﬁ ® seéc}%)n °|5I|1 xtre}f arofﬁlf]ﬁetq e?gogocfx

foregq&ggga t con alns t hr ee :

f oregroun conponents dﬁ$é¢%ﬂf%¢? plxe q%%} gﬁ%gfé ﬁﬂ?g fromthe
left capdi 18a f Ol PERE mSOTRRANES addiy fddéd i | w@f tfl{oré#h‘ﬂ éfeft

contains five foreground conponents, the sixth plxe rom-t t contains

five for agsoisd boaPoneMFusdde SBEHtRIee!cHd YB1iRedeft contains five
.-foreground conponents, the elghth pi xel fromthe left contains five

fOﬁegrfﬁﬁ&bﬂﬁﬂﬁdﬂ&ﬂﬂpbnéﬂﬁéﬂﬂd@él pi xel fromthe |eft contains four
~foreground conmponents, the tenth pixel fromthe left contains three

f or egr ound Asodperantsed abbeegl enenmbtporebliicoauihetieft uaont apgs two
foreground 10 conponents, and the twelfth pixel fromthe left contains one
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.
10 A Rlso, for example, when the nuﬁber of pixels
correspdﬁding ﬁo the unit of processing is 8, and the amount
of movement v is 4, as shown in Fig. 76, the motion—biurg
adjusting unit ;06 generates almatrix equation ekpreséed by

equation (106).

[~ 08
> ci
'_' i - 'i=_?5
4 3 2 1 ofFo1] iCi
3 4 3 2 1|F02 iz
15 23 4 3 24F03] = v.|{Yci| - (106)
1 2 3 4 3]Fo4| s’
0 1 2 3 4]Fo05] j2.ct
' ' Sl
2. Ci
_i=01 .

In this manner, the motion-blur adjusting unit 106'
calculates Fl, Wthh is the pixel wvalue .in wh1ch the amount.
of motion blur. is adjusted, by.settlng up_the equatlon in

accordancelwith the length of‘thelunit_bf-processing.




f or egr ound conponent . I nstead of selecting a nodel fromthe prestored
nodel s, the nodel-formng portion 902 nay generate a nodel based on the
notion vector and the unit of processing when the notionl978nuase2®6 and t he
unit of processi.ng are supplied. '"An equation generator 903 generates an
equation based on the nodel supplied fromthe nodel-form ng portion 902.
A.description is now given, wth reference to the nodels of foreground
conmponent i mages shown in Figs. 800 .through 82, of an exanple of the
equati on generated by the equation generator 903 when the nunber of
foregrounds .conponents is 8, the nunber of pixels corresponding to the
uni t O%Bﬁ pce sing.is 12, and the anount of novenent v is 5. \Wen the

4 2b

f or egr ok LB L mathsTh e Rusbaro oy mied S sinpdrdmed mage
corres gng%n 9,10 the shutter. 19 Jagﬁaé 006 - 181. time/v are FGO /v

t hr oug PVt he T dit GBS D ertheF@IUR LMo GRF TESBORIARG pi xel .
val ues n b presse by tions,.(74) through (85), as
st at edt(g%gg %%f%gglﬁee“rﬁg e‘tcﬁe plaxsel Ové:lﬂgé&éﬁ irjrd Cl1l, the pixel 5

val ue C12 ai f.oregr onp FO8/.v ressed by
‘equati on- (10 'ﬁﬁ q?h§t%?$§ 3§gﬁgg%gi% consﬁg e C?ﬂ£1%PBﬁ§%$ sum of the

f orsegrog %@Wmf@%ﬁ B G i gg;qun%hgoggﬁf@e@&gﬁgétg as

Accordingly, the foreground conponent /v can oun equation

(108) . tHEs &0t i@l FiLOM Q7 e 57 gmhlell%ith08) ke 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

10 thereof to the unit-of-processing determining portion 801
and the model-forming portion. 802. Alternativeiy, the
~ selector 821 may substitute the magnitude of the motion
vector by the amount v' by which‘motion blur is adjusted,
and then supplies the motion vector and the positional
15; signal thereof to the unit-of-processing determining portion‘
. 801 and the model-forming unit 802.

With this arrangemenf,-the-unit—of—processing
determining portion 801 through the calculator 505 of the
motion-blur adjusting unit 106 shown in Fig. 77'are able to

20 adjust the amount of motion blur in accordance wifh,the
-amount of movement v and the'amOunt v' by which mdtion blur
..is adjusted. For example,.when the amsunt of movement'isrs,
fand-the amount v' by which.motién blur is adjusted is 3, the.

'Junit—of—ﬁfdceésing determining’portionVBOIIthrouQH tﬁe

3}25 ‘calculator 805 of the motion-blur adjusting unit 106 shown




Simlarly, by considering the foreground conponents contained in the pixel
val ues CI O through CO, the foreground conponents FO06/v through FO1l/v can
be found by ‘15 equations (109) through (114), respectlvépym“mﬁogxm =
Cl0--C1.1 (109) FO5/v = Q09-Cl10 (110) FO04/v C08-C09 (111) FO3/v =. .
C07- C08+C12.(112) 20 F02./v = Q06-CQ07+C | -C12 (113) F,01l/v =

C05- C06-1 -C1O- C11 (114) The equation generator 903 generates the equations
for calculating the. foreground cogpgnents by the difference .between the
pi xel - val ues, as indicated by the exanples of 25 equations (107) t hr ough

(114) _ The equation generator 903 19 January 2006 - 182- supplies the .
904 sets the

generat e qu ons tqQ the calc Iator The cal cul at or
plxelzvaqGE% a#i GBI %th & SIFOURE SHTRENSAE suppl i ed

from: he egqu t| enerator so as 0. obtaln he fore round 5

| conponém% baseas éﬁﬁ%?ﬁ ﬁ 199 GRS ¥hé Spicx °V?1&BS l&re set. For
g_:ﬁgf'aa#%%d;ﬁ%ﬁ R O i BT TS L
D, SRS 180 s 0UBl b Bharl 1o Bnggal el abon S0 calcultes the
seb. YA inkle %%h%%h%ﬁﬂb #04i0al puL3t 8 viRG kRLeIRSUAH

of movement v of (amount of movement v)/(ameunt 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.

10 Accordingly, it should be noted that the relationship
between the amount of movement v and the amount v' by which
motiop blur is adjusted is different from the result of the
‘motion-blur adder 806. | |

, As‘discussed above, the motion-blur adjﬁsting unif 106

15 generates the equation in accordance with the amount of
-movement v and the unit of'processing,‘and sets the pixel
values of the foreground component image in the generated
equatlon, thereby calculating the foreground component 1mage

'__rn‘whlch the amount of motion blur is adjusted.

20 ) The processing for adjusting the amountrofrmetion blur
-.contained in the foregrouad component image executed by the
motion-blur adjusting unit 106 is described below with
1reference to -the flowchart of Fig. 78. |

In-étep 5801, the unit‘of-prddessing‘determinin§~

25  portion 801 of the*motionfblur_adjusring unit 106 generatés




~ conponents FO1/v through FO8/v, as shown in Fig. 81, based on the
cal cul ations of equations (107) through, (114) in 15 which the pixel val ues
Q05 through Cl2 are set. The calculator. 904 supplies tH@Jﬂgﬁﬁbggﬁhd.
conponents FO1/v through FO8/v to the adjusting portion 905.  The adjustlng
portion :905 multiplies the foreground conponents supplied fromthe
calculator 904 by the amount of 20 novenent v contained in the notion
vector supplied fromthe unit-of-pgegessing determ ning portion 901 so as
~to obtain the foreground pixel values fromwhich notion blur is

el i m nated. For exanple, when the foreground conponents FO1/v through
FO8/v ,are supplied fromthe cal cul ator 904, 25 the adjusting portion 905
nultl6&5%1g33ﬁCH$FFW€eF§F§§r Gﬁ&glgnJ5H8aW9t2996VeCt0{8@n gl%:"t‘mponents
FA /v HQ;ougﬂfgggéy %P% E gnvenent % [ SO as to obtain
the f&regr ound ﬁt%gp’ eSFH lthF ﬁgﬂeFSEaF?ﬂnFﬁhFc%antlon blur is

ellm:ﬁyﬁﬁ}ssa%ﬁzggwg e!ao eq fggmlggﬁaggkggﬁggﬁ%portlon 905 supplies the

" foreg onent 1 mage consi's Feground pi xel val ues.

W t hout nof},0 u | ¢ t ove i on--blur adder
906 and a gglgggg 586% Eﬁ%éﬁﬁ%gfoﬁg r{ﬁ&igﬁﬁ? é¥ égq%“%o adj.ust the
anpUuNino thQnoh 10@! haguelt%gbﬁnwél ﬁJQGtQSl@E’PHn‘Br getl?é(ré(\@é§ht tion blur s
adjusted, which is differént fromthe anount novenent for exanpl e,

the amodel Vh BycwkisRcaEDiien Ehérahéuﬁgl&ﬁtﬁﬁ%eﬂgﬂéﬁ%'éh&”ﬁhemﬂf the val ue
- of the amount of

unit of processing. In step S803, the equation generator

803 generates the normal equation based on the selected
model.
10 In step S804, the adder 804 sets the pixel values of
the foreq;ound-component image in the generated hormal
~equation. . In step 5865, the adder 804 determines whether
the pixel values of all the pixels corresponding to the unit‘
. of processing are set. If it is detefmined that the pixel
15 wvalues of all the pixels corresponding to the unit of
:.processing are notﬁyet'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
20-'fof all the pixels corresponding to the unit of processingr
.;are set, the proceSS'proceeds to step 5806. In step 5806,
.the calculator 805 calculates the pixel values of the
'foreground in Wthh the amount of motion blur is adjusted
‘,based on the normal equatlon in whlch the plxel values

' 525-' supplled from the ‘adder 804 are set. Then‘the process ends.




novenent v, or.the anmount v' by which notion blur is 15 adjusted, which is
~irrelevant to the anmount of novenent v. For exanple, as shown in Fig. 75,
the nmotion-blur adder 90.6 divides the foreground pixel 19dparary200§ t hout
notion blur by the anmount v' by which notion blur is adjusted so as to
obtain the foreground conponent Fi/vl. The notion-blur. 2.0 adder 906 then
cal cul ates the sumof the foreground.. .conmponen-ts. Fi./v', thereby
generating the-pixel value in -whighgthe anount of notion blur is adjusted.
For exanple,. when the, anbunt v' by which notion blur-is adjusted is 3,
t he pixel value' CO02 i's set to (FO1)/v', the pixel value C3 2.5- is..set to
(FO1+F02)/y", the pixel value C04 is. set to 19 January 2006 -- 184-
( FO1l+x"' oz+é®e e aﬁg- thever xehevarkdonoblps adjusbing FaRiE0BAE04)/ v' . - The
lies the foreground. conponent inmage in which the

not i on-bl_ur. adder 906. s

anDLngjgf&Hb %@hBEPHPtiSBQSaEBPBEtQJ fotine bdprsceédr the7. The sel ector 907

sel ects, : election.signal . reflecting-g user's selection, either

t he fé?gbgou%%dpgg%ﬁbhgﬁ %?%ﬁégggﬁﬁﬁﬂpgd Pﬁnb?%@ aBPuSkrnBoEAPRI on 905

from ehicgh. o i%ﬂebkﬂéaigp%hkﬁ%gég%d or the foreground conponent 10 inmage
‘ er

supplied fromthe notion-bl'ur a 906 in which the anmount of notion blur
| ssadj ust edhafings OUf PUi S L c{gd '%&éﬁh onent Jimage. As ‘
di scussed above, St he not i%n-%?kﬁjfga%jgu%ﬁﬁgg@g@?% nt}‘jsojgbriloetjt%gadj ust the
anobunblok @BhtaMnBHYinPAREUpPRe1N6alues, that is, contained in

sampled data.

As is seen from the foregoing‘descriptiqn, the signal

processing apparatus shown in Fig. 2 is able to adjust the
,10 amount of motion blur contained in the input image. The
signal processiﬁg apparatus configured as shown in Fig. 2 is
able to calculate the mixture ratio «, which is embedded
_information, and outputs the calculated mixture ratio a.

Fig. 79 is a block diagram illustrating another example

15—_0f the configuration of the motion-blur adjusting unit 106.
.The motion vector and the positional infbrmation thereof |
"supplied from the mbtion detector 102 are'supplied to a
unit-of-processing determiﬁing portion 901 and an adjusting
_portioh 905. The aréa information supplied from the area

.‘20 Vspécifying unit 103'i$ supplied to the unit—9f~pr§cessing

determining portion 901. The foreground component image

supplied ffom the foreground/background separator 105 - is -
supplied to a calculator 904. |
Thg uﬁif*oféprocessing determining_portiOﬁ 901'3ﬁpplies,

  2§ togetherﬁwith-the-motion Vector,rthé'uﬁit of processing



15 sel ection signal and the amount v' by which notion blur is .adjusted-
The processing for adjusting the anmount of notion blur of the foreground
executed by the notion-blur adjusting unit 106 confi gur 8 JamersH¥in in.
Fig. 79 is described below wth 20 reference to the flowhart of Fi'g. 83.
fn step S901, the unit-of-processing determning portion 901 of the

nmoti on-blur adjusting unit 106 generates the unit of processing based on
the nmotion vector and the area Lnfggmation, and' supplies the generated
unit of 25 processing to the nodel -formng portion 902.and the 19 January
2006 - 18 5 - adjusting portion 905. In step S902, the nodel -form ng
portion 902 .of, the notion-blur .adjusting unit 106 selects or generates the
‘nDdeIQﬁﬁﬁﬁ%ﬁ%%&F@thgna n{" OGS V@ﬁEﬁg frdnGheneoaht o825 processing.
In st 3.4t he yat i.on nerator 903 enerates, base n the sel ected
or geﬁ%ggggﬁﬁﬁﬁﬁéﬁsg%ﬁg e&ﬁ%ﬁﬁ%ﬁéafg?'&Eﬁggpﬁg?ﬂﬁ Eﬂeaf%?gﬁfbund conponent s
by thesgyfti b en the pixel values of t-he foreground conponent
inage.ofb f%Ig#ggﬁ§80§,&?he cal cul ator 904 sets.the pixel values of the

foregroundngnggagmLfggﬁggg{ggggﬁggeg??a%ggmgng&&ggﬁqx?%ggcﬁﬁtracts t he

~ foreground conponents by usiT I'fference between p1 xel val ues
based toR WRA-iRHUARBS hAdWRhEN i %ﬁtp'ulﬁglt el Pescassingt MSestep 5905, the
er a

15 cal cul ator 904 determni nes whet | the Toreground.
specifically, for example, the model~forming portion 902 may
‘store in advance a pluiality of models‘in accordance with
thé number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in

10 the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel
values and the foreground components is designated, such as
that in Fig. 80, based on the unit of processing and the

15 number of virtual divided portions of the pixel wvalue in tﬁe

. time direction.

It is now assumed, fb:,example, that the number of
pixels corresponding'td thé unit of processing is 12, and
that the amount of movemenf-v is 5. Thén, the mddel—forming

20  portion 902 sets the nu@ber of virtual divided portions to S,
-and selects a model formed of eight types_of.foregfound
'componénts so_that the-leftmoét pikel contains oﬁe
'foreground.component,zthe second pixel from the‘left

}contains”two fOrégrouﬁd-componenté,,thg third piXel'from the

- 25 1eft'c0ntains three foregrOUnd”COmpénents, the fourth pixel




conponents corresponding to the unit of processing have been extracted. If
it is. determned that all the foreground conponents correspondl to the
unit of processing have not been extracted, the process 1P denparys2 step
5904, and the 20 processing for extracting the f or eground conponents IS
repeated. |f it is determined in step S905 that all the foreground
conponents corresponding to the unit, of processing-have been extracted,
the process proceeds to.step .25 _59Qf _In step 5906, the adjusting. portion
905- adj usts each 19 January 2006 - 186, of the foreground conponents FO1l/v
- through FO8/v supplied fromithe cal cul at-or 904 based. on the anount of

novenmept v ﬁ@ aﬁ%%o obtain the foreground pixel values FO /v through FO08/v
from wht TR 1T i Uht b TRRGRIRS Foug mivead ®upererds,S30ie, filfehnot i on- bl ur

adder efa%§&& t fore round pi xel values in which the anmount of
rmtlorﬁ%? RS a}&} theefg: del&c tarresnpuns ewmponieatisnadden t hout
T Sy sl ?aazﬁ it e lStnd o st
FRor I B s LRk e AT 1S 7
fZELﬁI?ﬁé"’ﬂ‘?ﬁﬂsﬁﬁﬂ“ﬁﬁ%ﬁﬁf%&ﬂ%ﬁ el RS 5708 thenIa8ta v ener 111 ter.
s ef fegitaiers ﬂM%%nf@%b@&o%%@dcbﬁptﬂgnts, the ninth pixel from
the left contains four foreground components, the tenth
pikel from the left contains three foreground components,
. the eleventh pixel from the left contains two foreground
10 : components, and the twelfth plxel from the left contains one
foreground component |
Instead of selecting a model from the prestored models,-
the model—forming portion 902 may generate a model based on
the motion vector and the unit of processing when the motionr
.15 vector and the unit of processing are supplied.
'An- equation generator 903 dgenerates an eqUation based
- on the model supplied from the model—formingtportion 902.
A description is now given, with reference to the
models of foreground component images shown in Figs. 890
20 lthrough 82, 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 .
unlt of processing is 12, and the amount of movement v is 5.t
When the foreground components contalned in the-

';25:'_foreground component 1mage correspondlng to the shutter




i deal state, but is not sufficient for an actual imge quantized and

- containing noise. In contrast, it is proved that the notion-blur adjusting
unit 106 configured as:shown 20 in Fig. 79 is sufficientl§Jampec2d06e for an
actual image quantized and containing noise. It is thus possible to
..elimnate notion blur with high precision. Fig. 84 is a block di agram
illustrating another ,configuration ,of the function of the signal
processing 25, apparatus. ‘19 Januagy 2006 - 187- The elenents simlar to
those shown in Fig. 2 are -designated with the sane reference nunerals,
and an explanation thereof is thus omtted. The area specifying unit 103

suppl i inf ti,on 5.1 e mxture-ratio calculator 104 and a
'synt he‘%ﬁuze?rve%fl(ﬁ.ﬁﬂ?ﬁ’e t%rftu‘ rhe%rogpivd &R deded o g‘lgﬁ’pbﬁﬁz@?ef‘he m xture
ratio t e (ﬁqu/ C n ar r 105 and_the _synthesizer
1001.Eﬁ%f%iﬁ%%#@%hg§back&?%uﬁg&ggnggﬁgﬁ %@g gbﬁﬁpﬁ scﬁﬁecaf%g?oreground

COMPORSRIr RGP HhP JiBUALNITUF CentBlly 188, SYatheshen Ahgigomines a

certain background ifmage w oredround éonpoient -1 mage supplied from

the foregsgupdhbaaken AYNensepakal 0vaQss b@?ﬁdaﬁQSC%g,etﬂﬂéé(;#%?el ratio a

fsupplied fromthe mxture-ratio cal culator 104 an a. -information
suppl ived vler om2t RSnAERsS PASKT ¥hBJ FERbhround03ompBHeatt PUBgvE hgssynt hesi zed

i mage-in which the certain background inmage and the foreground conponent
: |nageeap¢essed by equation (107), and the pixel value Cl1

consists of the product sum of the foreground component

F08/v and the foreground component FO7/v. Accordingly, the
foreground component F07/v can be found by equation (108).

10 - .~ F08/v = C12 S (107)

i

FO7/v = C11-C12 | - (108)
Similarl&, by considering the foreground components
‘contained in the pixel values C1l0 through COL, the
foreground components F06/v through FOl/v can be found by
15 equations (109) through (114), respectivély.

FO6/v

= C10-C11 o _ o (109)
FO5/v = C09-C10 | - (110)

FO4/v = CO8-C09 | . o oy
| F03/v';-co7—éoa+c12. S ' ©{112)
20 Fo2sv = C06-CO7+C11~C12 | . {113)
FO1/v = C05~C06£C10-C11 o | (114)

. The equation generatbr 903 §enerates the equations for
calculating the foreground components by the difference
‘between thé.piXelrvalueé, as indicated by_ﬁhe_examples of

- 25 éqqations (107) through (114). The equation generator 903




conbined. Fig. 85 illustrates the configuration of the 20 synthesi zer

1001.. A background conponent. generator 1021 generates.a background
conponent. inmage based on the mxture ratio a and .a ced?mwanaddd§r ound

i mge, and supplies the background conponent inmage to a m xed-area-imge
..synthesi.zing portion 1022. 25 The m xed-area--i mage synthesi zi ng portion
1022 conbi nes 19 January 2006 - 188 the background conponent i mage. supplied
fromthe background conponent genamsater 1021 with the foreground conponent
image so as to generate a nixed-area synthesized i mage, and supplies the
gener at ed ni xture-area synthe5|zed image to an 5 inmage . synthesizing

port|cghﬂégggs1ﬁﬁéldgggar Jﬁg £8 %p%? n?kg gu&%%eFrgaiground

conmponent” i-mage, the m Xe synt esize fromthe

mi xed- ar eahERgR IBHLERSY 3019 sRPL! AR ﬂ:%éi agi‘u&Q%f E%t ai n background
i mage based on the area information so“as 10 enerate a synt hesi zed

i mage foanrasinuicongondit dnseas3ed thabQ ﬁﬁsszupgﬁgggﬁré{am 's able to

. conbi ne the foreground conponent | nage mn a cert ground i mage.

The i rage eaht=tiinad duneaQIiIMidng a&df %%GQBOBB@a(iﬁ”EH@e@Br\%ﬁrbﬁﬂge wth a

certain background i mage based on the m xture ratio a I's the feature
. quant idompomErdzr Hamece omatiliedlequa®ipasednt @habhi FRECHORERI HET DY si mply

conbining pixels. Fig. 86 is-a block diagramillustrating another
are eet. For example, when equations (107) through (114)
are suppiied from the equation generator 903,  the calculator
904 sets the pixel values COS through C12 in equations (107)
through (114). | |
10 | The calculator 904 calculates the foreground components
based on the equations in whioh the pixel valuee'ere sef.‘
For example, the calculator 904 calculates the foreground
components FOl/v through FOB/V, as shown in Fig. 81, based
on the calculations of equations (107) through (114) in
..}5 which the pixel wvalues CO05 through Cl2 are set. The
‘Acalcuiatot,904rsupplies the'foreground_componenfs.F01/v
through F08/v to the adjusting portion 905.
The‘adjusting poftion 905 multiplies the foreground
components supplied from.the calculator 904 by the amount of
20f'movement v contained in the motion veotor supplied from the‘
_:unit—of—processing determining portion 901 so as to obtain |
the'foregrouud pixel values‘from wuich moﬁioﬁ blur is |
'jelimiuated.' For example;-when the;foregrouud components
':?Ollv.thfough FO8/v a:e supplied,from_theicalcuiator.904,

25_;the adjusting portion 905 multiples eaoh'of the foreground




configuration of the function of the signal processing 20 apparatus for

adj usting the anmount of notion blur. The signal, processin% appar at us shown
in-Fig. 2 sequentially perforns the area-specifying oped8imuaraidét he
calculation. for the mixture ratio a. In. contrast, the signal processing
apparatus shown in Fig. 86 sinultaneously perforns. the, area 25 specifying
operation and the calculation for the m xture 19 January 2006 - 189- ratio
cc. The functional elenments siml.arig® those in. the block diagramof Fig.
2 are designated. with the sane reference nunerals, and an expl anation
thereof is thus omtted. 5 An input inmage is supplied to'a mxture-ratio .

cal cul reground/ b round separator 1102; the area

speci f?}c:)rﬁ O%%I?%s 1€%i,c'?‘én%"f%'ég b’?@%‘?"e}%’rg&?iww O ROVeRRN ti%et ure-rati o
cal cul ator 1401 t sed o t he input, i e, the estimted

i xturg'(rgéfi%’ \/ﬂg?\élgt%ﬁ?s %agrgs% dg?ﬂ%?r%‘gb o &t in the input

i mage PeL-ongs Fo® £hSn £ A PRLLQT ea,. and the estinated m'xture
ratio whenh?? i s assune %%a?neac plggf %%naﬁW%ﬁ?F?éZFﬂf %Kﬁ%ﬂ‘inage-
bel ongsn t®ighegpncovered background area, and supplies the estinated.

m xture ratios cal cul ated as 15 describeq above_to t he _
f oSegr ound/thac lk@riistd nsepaidionh B2 suppi9.es8 Lnks f@rgr%h?(&'ﬁngl' agram

illustrating an exanple of the configuration of the mxture-ratio
cal-cul edmporiehit] . indryee ol X frgrd atd R JHRERE Pk A0 3w in Fig. 87
-I's the sane as the estimted-m xture-ratio processor 4:01 _
without motion blur calculated as described above to a
motion~-blur adder 906 and aAselector 907.
The motion-blur adder 906 is able to adjust the amount

10 of motion blur by usiné the amount v' by which motion blur
is adjusted, which is different from the amountrof movement
v, for example, the amount v°' by which motion blur is
adjﬁsted, whichAis one half the value of the amount of
movement v, or the amount v' by which motion blur is

15 adjusted, which is irrelevant to the améunt of movement v.

. For example, as shown in Fig. 75, the métion—blur‘adder 906
divides the foreground pixel value Fi without motion blur Ey
. the amount v' by which motion blur is adjusted so as to
obtain the fd:eéround component Fi/v'; The motion~blﬁr_

20 -édder'QQG then calculates the sum of thé foregroﬁnd_;
_componeﬁts Fi/v',.ﬁhereby generating the pixel vélue in
which the amount of motion blur is adjusted. For example;~
when the amount v' by which mOtiqn blur is adjusted is 3,

~ the pixel value C02 is-set to (EOi)/v‘, the pixélrvaiuelc3

25; is:set to.tF01+F02}/v', the pixel value C04 isrset to




20 shown in Fig. 46.. An estinmated-m xture-ratio processor 402 shown in
Fig. 87 is the sane as the estimted-m xture-,ratio processor 402 shown in
Fig. 46. The estimated-mixture-ratio: processor 401 cal cdPdemuary 2
estimated m xture ratio for each pixel by the 25 .conputation corresponding
to a nodel of the covered 19 January 2006 - 190 background area based on
the i nput- i mage, and outputs the calculated estimated m xture ratio. The
estimated-m xture--rati o processor 1432 cal cul ates the estimated m xture
ratio for each pixel by the 5 conputation corresponding to a nodel of the .
uncovered background area based on the input inmage, and outputs the

cal cul i ed mxture.rati.o. The foreground/ background separat or
.1102-d@ﬁgggﬁggdﬂﬁélq?dréﬁFg EofsondilUendye AfomethdS nput i mage based
on th 1 iaphed sm xture ratio calculated when it is assuned that the
pixelqggﬁgﬁﬁgiﬁéy%) e covered background area supplied fromthe '

Lo e ok Aakteshabst: e BRCSLERRS (LA SaERI S o "

it is assunmed that the pixe el ongs round. area

SupDl oot ab. T aienl 341:0 Skl Aok 1101 w3 yhe area

information supplied fromthe area speciTying unit nd supplies the .
geher adgadsfree@oothd sanpeRert ogpfage to the notion-blur adjusting unit 106

and the selector 107. Fig. 88 is a block diagramillustrating an exanple.
of _ The selector 907 selects, based on a selection signal
' reflecting a user's selection, either fhe foreground
component image supplied from.the adjusting portion 905 from
- which motion blur is elimihated or the foreground component
10 image supplied from the motion-blur adder 906 in which the
amount of motion blur is adjusted, and outputs the selected
'-.foreground comppnent.image.
As discussed above, the motion-blur adjusting unit 106
'is able to adjust the amount of motion blur based on the_.
15 selection Signal and the amount v' by which motion blur is
l_adjusted.
| The processing for adjusting the amount of motionrblur
of thé‘foreground executed by ﬁhe motion-blur adjusting unit
_106 configured. as shown in’' Fig. 79 is described below with
'BO reference to the flowchart of Fig. 83. |
' Inlstep 5901, tﬁe unit-of-processing determining
*portion'901 of the motion-blur adjusfing unif: 106‘generates
 tﬁ¢ unit of:processing_basedroh.the_motion vector and the
l'ayeé'infoimétion}and'supplies the generéted unit of.

25 procéssing to the model-forming portion 902 and the




20 . the configuration-of the foreground./background separator 1102. The
elenments simlar to those of the foreground/ background separator 105 shown
in Fig. 63 are indicated by the sane reference nuneral s 19daeagn2006

expl anation 25 thereof .is thus omtted. 19 January 2006 - 191 A selector
1121 sel ects, based on the area information supplied fromthe area ‘
specifying unit 103, either the estimated m xture ratio cal cul ated when it
is assuned that the pixel belongs,ig.the. covered background area supplied
5 fromthe m xture-ratio calculator 1101 or the estimated mxture ratio
cal cul ated when it is assuned that the'pixel belongs to the uncovered
background area supplied fromthe mxture-ratio cal culator 1101, and
suppl@€§qﬂﬁ%@ﬁﬂHﬂﬁQ&?“m@&ﬁ-wated m xture ratio -to the separating portion

601 as the_ 10 m xture ratio a. The separating_ portion 601 extracts the
foregroundIncﬁﬁﬁBnéﬁPg’aﬁbetﬁﬁdﬁéﬁﬁﬁFﬁﬁﬁﬂ POEpOARNDEZf pBnth@e pi xel

val ues._@f. the.pixels bel.onging.tqQ the i xed area -based on the mixture .
Ed%lth%ﬂ%f'FP%%ﬁ%ﬁ@gg@ngtgp 1 FE1eTNG Phe 9EBeERESSI KP6r mat i on, and.-

rati o a supplre

e S R SR YER P e S phanBUR BRI bOSE The

al so supplies the

hoanPr ety "0 ThEPes aPREet ber YA cIb: HBbrYatoPhe%or eground.
- generates, based on the selected or generated model, the
equations for calculating the foregrouhd components by the
difference between the pixel values of the foreground
_ component image. |
10 .Ih step S904, the calculator 904 sets the pixel values
- of the foreground component image in the generafed equations,
and extracts the foreground componenfs by using the
difference between the pixel valﬁés based on the:equations
ih whiéh the pixel valqes are seﬁ. In step 5905, thel
15 | caiculator 904 determines whether all the foregrbundﬁ
-components'corresponding to the unit of processing héve been
extracted. 1If it is detefmined that all the foreg#ound
components corresponding to the ﬁnit Qf ﬁrocessing have not
‘been extracted['the procesé'returns to step S904,Iand the
20 processing for extracting the foreground componenfs is
répgated;_- |
I it is determined in step $905 that all the
foregtound components gorrespondinq to the unit,of
3 1prbcgssiﬁg1have'been ext;acted,_the process proceeds-to‘step

 :257' 5906; In step 5906, the adjusting portion‘905'adjusts.each'“




conponent image and outputs it.- The synthesizer '605 synthesizes the

- background conponent inage-and outputs it. The notion-blur adjusting unit
106 shown in Fig. 86 can. be configured sinilarly to thd9é&uret¥ért shown
in Fig. 2. 25 The notion-blur adjusting unit 106 adjusts-the anount of 19
January 2006 - 192- notion blur contained in the foreground conponent
-image supplied fromthe foreground/ background separator 1102 based on the
area information and the notion vecigg,-and outputs the foreground
conmponent image in which the anount of notion blur is adjusted. The
~selector 107 -shown in Fig 86 sel ects, based on, for exanple, a

sel ectien, sig refl egt tion the f or egr ound conponent

i mge é%pﬁ |eg°¥?8ﬁ?Fﬂ %P%ﬁ Eﬁd?BéZVgFgﬁﬁﬁggeEQ?éYo?uRHBQQQr t he
|Scoar euhil AR-COIpRREALoLTBAE SYBEL! e [LATHAE IO kom DL bL ady st na it
E?Liééé?négéﬁﬁéﬁgﬁﬁgﬁg %ﬁn%@%%ﬁ@%éf.s iy glgd, WEroldE ShER o

Ot T Onebbir wh A8h RO AOAHLLR £O LIBgEncpERESPON ng to a foreground obj ect
of “the input inmage,' and outputs the resulting foreground object image. As

inghe firstn aphgsligmnt, dHe n&dtaRH-HIOC eSHh Y W%ﬁdﬁaﬁ% tq}‘]éfed as

shown in Fig. 86 is able to calculate the mxture ratio a

enmbeddber @froumhdr pike DNva Bk OLH [t Ecli hen& absathit 68k ot 16,8 Ao a. Fig.
89 is a block diagramillustrating anot her
: is adjusted, and the selector 907 selects the image without
'motion blur or the'imége in which the amount of motion blur
is adjusted, and outputs the selected image. Then the
10 process ends. |
As described above, the motion-blur adjustihg unit 106
configured ‘as shown in Fig. 79 is able to more speedily
adjust motion blur of the fdregfound image containing motion
~ blur according to simpler computations.
15 A known technique for partially eliminating motion blur,
- . such as a Wiener filter, is effective when belng used in the
| 1deal state, but is not sufficient for an actual image
qqantized and containing noise. In contrast, it is proved
that the motiqn—blur adjusﬁing uni.t i06 coﬁfiguréd as ‘shown
20 ,in Fig. 79 is sufficiently effective for an acfuél image
—qu§ntized'and'containing noise. It is thus possible to
_.eliminate motion blur with high precision..
Fig. 84 is a block diagram 1llustrat1ng another

;conflguratlon of" the function -of the 51gna1 proce551ng ‘

25--apparatus.;




configuration of the function of the signal processing apparatus for

conbi ning a foreground conponent. inmage with acertain background i mage. The
si gnal processing apparatus .25 shown in Fig. 84 perforrn?;9tg~'liift!1alﬁ’2006 _
ar ea- speci fying operati on And 19 January 2006 - 193- - the calculation for
the m xture ratio a in a serial manner. |In contrast, the signal processing
apparatus shown in Fig. 89 perforns the area--specifying operation and the
cal culation for the mxture ratio agyn-a parallel manner. The functional
elements sinmlar to those indicated by the block of Fig. 86 are indicated
by the sane reference nunerals, and an expl anation thereof is thus

omtted. T m re-ratio.calculator 1101 shown in Fig. 89 cal cul ates,
" based on tﬁgeiﬁgéﬁeﬁﬁﬁgg}?l?ﬁg ggt%ﬁﬁ?@dsﬁ?VPu%% FY9- rat3%Swhen it is
assungg ihat, | c i in _the input . inmge belongs to the covered
backgr oun .a;ggfqg%%xﬁﬁg ggégi%ggggen Sx P rFéFTogRﬂeﬁnit i s assumed

that'%&@haﬁb&gbn_Q%%E%b&eﬁsiﬁh e R4 Mage belongs to the uncovered
"background area, and supplies the estinmated m xture ratios 15 calculated’

as descri beHcahpug & _ oun a r 2 and- a

synt hesi zer 1201. Th%e%gfggf%ﬁgﬁ?gagggr%ﬁ%%nggara%orﬁ&§%3%§:%ﬁ% in Fig.
895 gemer ahesmti keuteregteundatoqparert 100RgR41 L OSVA gL DPYE 1RO based on
"the estimated mixture ratio calculated when 20 1t is assuned that the

pi xel bel ohigs hixtitee conel e IbekiE R dl ¢4 65y d @thd MIRtR

m xture-ratio calculator 1101, the estimated m xture rati o cal cul ated when
it isratsanedtohihet ferpgrelinidbanggrbandt bepangtyer Bob bask ofpaind.

synthesizer 1001.
The foreground/background separator 105 supplies the
10 fgreground component image to the synthesizer 1001.

The syntheSiie; 1001 combines a certain background
image with the foreground component image supplied from the
foreground/background sgparator 105 based on the mixtufé.

‘ratio o« supplied from the mixture-ratio calculator 104 and
15 the area_information supplied from thé area specifying unit
103, and outputs the synthesized image in which the certain
background image and the foreground componeﬁt image are
combined.
| Fig. 85 illﬁstrates:thé configuration of the:
20' synthesizer 1061;:‘A background'component.generatdr'loél
.”generates a baCkground.component.image basedron_the mixture
ratio « and a certain background image, and suppiies the
'background component‘image to a mixed-area-image
_synthesizing portion 1022.

25 ,The‘mikedfareé~image'éynthesizihg'pdrﬁion 1022 combines




area supplied fromthe m xture-ratio cal culator 1101, and 25 the area
information supplied fromthe area specifying unit 19 January 2006 - 194-
103, and supplies the generated foreground conponent i nad@ Jaqusry 2R06

synt hesi zer 1201. The synt hesi zer 1201 conbines a certain background inmage
wi th the foreground conponent inmage supplied fromthe 5

f or eground/ background separator 1102 based on the estinmated mxture ratio
cal cul ated when it is assuned that 1t8i8e—pi xel belongs to the covered
background area.supplied fromthe nmixture-ratio calculator 1101, the
~estimated m xture ratio calculated when it is assuned that the pixel

bel ongshd a4 ‘ Q%é? : | i fromthe mxture-ratio
cal cul at or £?§¥%Qgﬁg th <§%gggﬁﬁ%g&%gﬂFgﬁggﬁ§gﬁ%@b Fb%iﬂ%groapga

speci fauibaeitt Jhraash LA AN GrRY RRYShd TRESord:ihelel he
certain background i mage and the foregroun conponent” | mage ard conbi ned.
15 Figo £9 tid |geataraies 4 herenfd iy alineh«afi Adbe iﬁt%é!%t,héihzer 1201." The

functional elements simlar to those "of the-block diagramof Fig. 85 are
- desi gratrgd iwid theheyeamm t d R nginanGR 2RI ahhthalRd zeuplianaki 88 ahhereof is

thus omtted. A selector 1221 selects, baséd on the area’information 20
suppl iieshde anthe sdrzdags peaitfiinng 0@3i.t - 103, either the estimted mixture
ratio cal culated when it is. assuned that .the pixel belongs to the
covered badkgr buadeasyntbeppkieed1028r oomb iwesi Khair foradioundl cul ator 11.01
or the estimated m xture ratio calculated when it. is assuned that the
-.pixeycomponent 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
_10‘_ to generate a synthesized image, -and outputs it.
As discussed avae, the synthesizer 1001 is able to
combine the foreground cémponent image with a ceftain
background image.
Thg image obtained by ‘combining a foreground component
715: image with a certain background image based on the mixture
'-‘;ratio o, which is the feature quantity, appears more ﬁatUral
compared to an image obtained by simplf éombiningrpixelé.
Fié. 86 is a bloék diagram illustrating another
cpnfiguration Qf the function-of~the signal proceﬁsihg
"QQ'-apparatus for adjusting the amount-of motion blur. The
'signal‘proceésing apparatus ‘shown in Fig. 2 éequentially
performs the area-specifying opéraﬁion and the calculation.
-ZfOr‘thé mixture ratio «. .In.contrast, the signal processing
f?pparatus shown in Eig; 86 simnlténeously'perqums thé‘area—

25  specifying operation and the calculation for the mixture




25 bel ongs.to the uncovered. background area supplied fromthe 19 January
2006 195- mxture-ratio calculator 1101, and supplies-the sel ected
estimated mixture ratio to the background conponent gendP2@Bpary@dd6 as t he
m xture ratio ac. The background conponent generator 1021 shown in Fig. 5
90 generates.a background conponent inmage based on the .mxture ratio a
supplied fromthe selector 1221 and a certain background i nage, and
suppl i es the background conponent ig®ge to the m xed--area-inmage

synt hesi zing portion 1022. 10 The m xed-area-i mage synthesizing portion
1022 shown in Fig. .90 conbi nes the background conponent image supplied
fronltbgt@gc&ground conponent generator 1021 with the foreground conponent
i mage so as to generate a m xed-area Synthesized inage, and supplies the

generat ed MuLdmai&di g Y es to t nthesi zi ng portion
1023. The image synthe5|£?%g pg%fg%n (ﬁ¥§ éix#%ﬂgﬁkound

conponépagramges the. nﬂzxﬁfﬂea&@&éﬁ(ﬁg@%ﬁ B0 ame ”% ‘igﬁ(}bfj%gn} EQSe based

m xed- ar ea-i mage synt hesi zi ng. porti on 10

on .t henamesalnf cdmdt 419 NeHol A% bt Otlg@ﬂ%ﬁtfs J}%ﬁgeecf i mge and
"outputs it. In this manner, the synthesizer 12 Is abl'e o conbine the

f oPegr ound Agorip@Enentiriageg 6 swisiippd ieer kai B haskenrund digage.  The enbodi ment
has been di scussed above by setting.the
calculator 1101, a foreground/background separator 1102 the
‘area specifying unit 103, and the object extracting unit 101.
- The mixture-ratio calculator 1101 calculates, based on
the input image, the estimated mixture ratio when it is
10  assumed that each pixel contained in the input image belongs
to the covered background area, and the estimated nixture
ratio when it is assumed that each pixel contained in the
input image belongs to the uncovered background area, and
"supplies the estimated nixture ratios caloulated as
15 ~described above to the foreground/background separator 1102.
Fig. 87 is a block diagram lllustratlng an example of
the conflguratlon of the mixture- ratio calculator 1101.
An estlmated-mlxture -ratio processor 401 shown in Fig.
87 is the same: as the estimated-mixture-ratio processor 401
' 20'.shown in Fig. 46. BAn estimated-mixture- ratlo processor 402
shown in Fig. 87 is the same 3s the estlmated—mlxture ratio
'processor 402 shown 1n Flg 46.
The estlmated-mlxture ratio processor 401 calculateo

the estlmated mlxture ratlo for each p1xe1 by the

;25 'computat;on correspondlng to a model of the covered




25 mxture' ratio ato the ratio of the background- conponents. 19 January
- 2006 - 196- contained in the pixel values. However, the mxture ratio a
may be set to the ratio of the foreground conmponents conitSafiameaty 260G he

pi xel val ues. The enbodi mrent has been di scussed above by setting the 5
nmovi ng direction of the foreground object to the direction -fromthe |eft
to the right. However, the noving direction 1is not restricted to the
above-described direction. In the akgye description, a real-space inmage
having a three-dinensional space and time axis information is 10 projected
onto a tine space having a two-di nensional space and.time axis information
by ungg a vide canera However:, the present invention is not restricted

to thi bt%?‘?%é’%ptﬁﬁ e]cPR‘bt tHead 138\ Ryiteads tiwen a greater
anount for on. i ,n one-dimensional space is projected 15 onto
a srralcf%fc"é ftﬁfi r%% Bt fatid9n a two- di nensi onal .

space, dISHQrtI enera ted,by. the RO ectiaon ected,

si gni ficant I'n %&n& ion céﬁtﬁeeefP éﬁ%%ﬁocegﬁog g@?ecﬁi 53 ®Prmage can be

synth ein is.n t |ct Joa CCD, .and 20 may
gﬁh%EE%tiﬁQﬁx%fGﬁQ&nﬂﬁﬁquﬂE% 4l S d ét

be an type sensor, ‘'such as' 'a so Je- capturing devi ce,

05 eXaflat FERA BRI, rﬂggac%e%&eﬂ of ach@' Bn(:gg%é%g'm ect i on

Device), 'or a CPD (Charge Pri Conpl enment ary
Met al Kot el Hsded on t'NeSQ.nptdte 1%[% or al ge%u@ghtga‘ﬁﬁet o be a

sensor in which 25 detection devices are arrange matri x, and may be
a. calculated estimated mixture ratio.

The foreground/background separator 1102 generates the
foregrouﬁd component image.from the input image based on the
10 estimated mixture ratio calculated when it is assumed that
the'pixel belongs to the covered background areé supplied
jfrom the mixture-ratic calculator 1101, the estimated
lmixture ratio Calculafed when it is assumed that the ﬁixel
'belongs‘to the ﬁncovered backgfound area supplied from the
15  mixture-ratio calculator 1101, and the area information
'_supplied from the area specifying unit.103, and supplies the
_ggnerated foreground compoﬂent image to the motion-blur
'adjhsting unit 106 and the selector 107.
. Fig. 88 is a block aiagram.iliusﬁréting an example of
'20_1the configuration .of the foreground/background separator
1102. . | | |
'The elements similar to those of the
7foregfopnd/backg;§und Seﬁarator 105 shown in Figqg. 63 are
.5indiCated by the same reference numerals, and'én eXplanatidh:

'7'25_7fthereqf is thus omitted..




19 January 2006 -- 197- sensor in which detection devices are arranged in
"one line. A recording nediumin which a programfor performng the signal
processing of the present invention is recorded maybe folddsguay 280hackage
medi umin which the programis 5 recorded, which is distributed for :
providing the programto- a user separately fromthe conputer, as shown in
Fig. 1, such as the nmagnetic disk 51 (including a floppy (registered
_trade nane) disk), the optical disc 52 (CD ROV (Conpact Disc-Read Only
Menory) and a DVD (Digital Versatil i sc)), 10 the nagneto-optical disk 53
(including MD.(Mni-Disc) (registered trade nane)), or the sem conductor
menory 54. The recordi ng nedium may al so be fornmed of the ROM 22 -or a
hard di sk chmgalenbnd A lii2e sstlmcyn nsisted?28ni thehiackbat hafopragiam i s
recorded, such recording nedi um being provided to 15 the user while being
* pr est ofBEPL hedt feom oIt area BRe st Bpend onriitng 0Bhe eitdgrarnheecorded in a
recording., nedium may be executed chronol ogical |-y according to the orders
" descri BEHIPALER SR i @hivca Mpnatad whesy ido isomssmesl tthalte execut ed
in a t%%re-serif nner, and they may be 20 executed concurrently or
i ndi vi.dd8l Py*e H9standds GHierad badereung pseehsuppddedt | nventi on,
in_which . mxture occurs.. can he detected. 25 1 9 January 2006 -

.i-gggjfpém.the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered béckground aféa supplied from the
mixture-ratio calculator 1101, and supplies the selected
estimated.mixture ratio to the separating poftion 601 as the

10 mixture ratio «.

The separating portion 601 extracts the foréground
components and the background components from the pixel.
values of the pixels belonging to the mixed area based én
the mixture ratio « suppliéd from the seiector 1121 and the

15 area information, and supplies the extracted foreground

'qomponents to the.synthésizer 603 and alSO.Supplies the
background components to the synthesizer 605.
" The separating poréion 601 can be configqured similérly
. to the counterpart shown iﬁ Fig. 68. |
20 - The synthesizer 603 éynthesizes the foregrouhd
ACOmpohent image and outputs it. - The syntheéizer 605
#yhthesizes the background component image -and outputs it.

Tﬁe motion-blur.adjusting unit 106 shown in Fig. 86 can

 3‘ bé“confi§ured.similarly to the.cdﬁnterpart showh in Eig‘-Z;

. 25 .The'motiqn—blur.adjuSEing unit lOG,édjustS'the amount of




.CLAIM5S 1. An. inmmge processing apparatus for detecting a m xed area
frominmge data which is fornmed of a predeterm ned nunber of pieces of

pi xel ‘data obtained by an i mge-capturing device 5 includf fapuary 2006
predet erm ned nunber of pixels, the pixels having a tine integrating
function, the m xed area being obtained as the pixel data in which a
plurality of objects are mxed in the real world, said i mage processi.ng
apparatus conprising: 10 notion gog£§n§ation means for conpensating for
the notion of franmes of the inage a; and area detection means for
detecting the m xed area based on the difference between the pixel data at
the corresponding position in the notion-conpensated franmes. 15 .2. An

i mage pesdesshbhyrappataiusdatvotbenforegebant tompvhenei imsged area
detection neans detects the mxed area to which at |east the. pixel data
bel ongSURRéAeEhErem f floe efesegsoupdéhackgrbundosepguaktorola02hbaséal d. 3. An
i mage processing apparatus_according to claim2, 20 wherein said area

det ect P8n theafke? ut FreFuykiert andphReduehionewpotar, chadgeutputhe det ect ed
m xed gﬁga a cov%%gd 'backgéound area in which a foreground object

compon 6Py RRURSD; GUIRORER T e LBRFRI Hy YB1Gh bhegrBewdt PAcredses over
.-anebigg an uncovengd background area-in which a background' .25 ohject
conponen of t?@g%ﬁﬁ%ats correspondi ng to a 19 January 2006 - 199

backgrounq'hﬂgﬁﬁﬁ%%%o%ybejéﬂ%wn in Fig. 86 selects, based on,

for example, a selection signal refledting a usér's
selection, the foreground'componenf image supplied from the
foreground/backgrbund separator 1102'dr the foreground

'10 component image supplied from the motion-blur adjusting unit
106 in which the amount of motion blur is adjusﬁed, and
outputs the selected foreground,component image.

As discussed above, the signal processing apparatus

shown in Fig. 86 is able to adjust the amount of motion blur

15 contained in an image corresponding to a foreground object

" of the input image, and outputs the reSultiﬁg foreground
object image. As in the-first eibodiment, the signal
p;ocessing apparatus configured as shown in Fig. 86 is able
fo;calculate the ﬁixture ratio o, which is embeddéd

_20 iﬁfo?mation,,and outputs the calculated mixture fatio o.

‘. .'Fig. 89 is_é blb;k diagram illustrating another

: configuration of the function of the signal proceSSing -
iapparatus for combining a foregropnd component,image with a-

;qertain bagkground'image. The signal processing appafatus

'25 ,ShQﬁﬁ ianig. 84-pérforms the area—specifying operation and



) . ) ) ) i d area
4. An imge processing apparatus according to cla|n12, wher ei n sai

'detectiongneans further detects, based on a notion vector%correzﬁﬁ%dlng to
the pixel data in each of 5 the frames, a covered backgr odfdanag: whi ch

j t of the objects corresponding to a
?oigrsnggn?ncfggggg SSQPOPEQE and an untovered background area in which a
background obj ect conponent of the objects corresponding to a background
incrgases over time. 10 5. An inagejgsocessi ng apparatus according to claim
4, - further conprising notion vector detection neans for detecting the
nﬁtion vector. 6. An inmmge processing apparatus according to claimi,
further,co ri ing.mixture:ratio calcul ation neans for 15 cal cul atiing a
n?itu?gh%égg%cﬁ% cL2hi K8 th es?éfé“?ﬁ FAFER o ikne eprbel smameewni xed in Lhe

[ [ i [ to claim6, further
Compr i ang e brat e BRen e BT P SR i e G =hovm Foriground obj ect
i ' ' i t he pi xel
dat s of ot he PR e ke b SRk R r £ F T 4T An | mmge pr ocessi ng
ata o e - : g ( :
Cap ' } i ' i Si - bl ur adjusting
appar atd3catseidhNfot 0rgd A% fure f ST COIPLISIN ion
rrggns “for adj ugti n%- “the anount %%Hr]mt?onnbil Lﬁa]fagl][r%te Tdpftated .

: foreegr ound THY efinctbi AP WRMenth) iUl R0Wiose290g; de A8
processing apparatus according to claim?7, further "conprising“synthesi zing
means the syothesfzZFNg. 86 are indicated by the same reference ‘ '

numerals, and an explanation thereof is.thus omitted.
The mixtgre—ratiO‘calculator 1101 shown in Fig. 89
calculates, based on the input image, the estimated mixture
10 .ratio when it is assumed that each pixel contained in the
l;input.image beloﬁgé to the covered background aréa, and fhe
estimated mixture fatio whén it is assumed that each pixel
contained in the inﬁut'image belongs to the uncovered
background area, aﬁ& supplies the estimated mixture ratios
15 - calculated as described above to the‘foréground/background '
- separator 1102 and a synthesizer 120i. -
- The foregrouﬁd/background separator 1102 shown in Fig.
89 gengrates the foreground component_imagg from the input
image]based on the estimatéd mixture raﬁio calculated when -
20' it‘ié assumed that the pixel belongs to the covered
ibackground.afea supplied from the mixturefrafio calcuiator
01101, th¢ estimated mixture ratio calculated when it is
'aSsumed that the pixéi belongs to the uncovered background
_drea supﬁlied from thé”mixture—ratio calculator 1101, and

71;25"the area information sﬁpplied from the area épecifying‘unit-




anot her desired object with the separated foreground object conponent based
on the mxture ratio. 5 10. An inage processi ng apparatus-according to
claim1, wherein said notion conpensation nmeans per for nd9danyaon2006
- conpensation by shifting a-peripheral frame around a' designated franme so
that a background object of the plurality of objects in the designated
frame is disposed at 10 the sanme pixel position as the, background object
in the peripheral frame; and said jafea detection neans detects at | east
the mxed -area based on the difference between the notion--conpensated
- peripheral frame and the designated frame 15 11. An inage processing
apparg@g; acc rding to.claim10, wherein said area detection neans

5

inclu t%? oT PR HEY i T BT A TR | T SREHING SOIRGTSHN P st at i onary

or ﬁDW&p gdeter natloqrbgéiﬁ on the difference between the pixel data at
the corre %n%Yn% T et ion in the notion 20 -conpensated peri pheral

frame and yﬁgé(gyﬂéﬂggegég %g% Salg&ﬂ_ saldc%& a. deh %@g@Pﬁlans.detects,

_ based on the determ nation stgilonary ati on means,

TN WU eD @f i élﬁ]eﬂf%lﬁwzﬂ’%ﬁ] éj“lpf i %é/ S%I}fgreeig{Jra{i %[y oel(‘)bjogj(:tect s,

conponent fornlng e toregroun ect

a BaCkﬂf&&%tﬁi&ﬁoaé]@jﬂﬁﬁ&%éﬁﬂﬂé%é%l@@%@é@%@@ hhez%jst uglac;e‘%gfound

obj ect conponent form ng the background obj ect, e mXxe rea the
pixel IﬁQﬂiliﬂé)rraltSlo _caal%:ul'%itédmﬂﬂzzprlq_cﬁ%s'a!%lﬁ%@%ta‘ts t%%ceﬁ%élg to claim

11 "belongs to the covered background area supplied from the
ﬁixtureuratio calculator 1101, the estimated mixture ratio
calculated when it is assumed that the pixel belongs to the

10 uncovered background area supplied from the mixtufe—ratio
‘oaiculator 1101, and the area information supplied from the
" area specifying unit 103, and outputs the synthesized 1mage '
"in which the certaln background 1mage and the foreground
'component image are combined.

15 Fig.. 90 illustrates the-configuration of the
._eynthesizer 1201. .The functional elements similar to those
~of the block diagram of Fig. 85 are designated with the same

refefence_numerals, aﬁd explanation thereof is thus omitted.
| | A selector 1221_selecte, based on the afea informetion

20 . eupplied from the area specifying unit 103, either the
~estimated mixture ratio celculated when'it ie assumed that
-.the:pixel belongs to the COVered background area supplied"

:from the mixture- ratlo calculator 1101 or the estlmated |

amlxture ratlo calculated when it is assumed that the plxel

25 .belongs to the uncovered_baokground area supplled'frOm the;—




wherein said area detection neans. specifies an uncovered 5 background area
~and a covered background area in the mxed area based on the determ nation
of said stationary/moving deternination means, the uncoJv@daganadddr ound
area being forned at. the trailing end in the direction in which the

f oreground object is noving, the covered background area 10 being forned at
the leading end in the direction in which the foreground object is noving.
13. An inmage processing nethod for ggtecting a mxed area frominage data
which is formed of a predeterm ned nunber of pieces of pixel data obtained
by an image-capturing device 15 including a predeterm ned nunber -of. pixels,
the -pixels having a time integrating function, the nixed area being

obt ai nBd=ErengabiiRefadshaates WhPeh and| svppligs othepsekectedre nmixed in
the real ,world., said inage, - -processing nethod_ conprising: 20 a notion
conpen§§F3W&t§9eﬁlﬁFu58nﬁgF§8tFﬂgt?%rb?ﬁﬁgr?Eﬁ¢cﬁPQﬁoﬂﬁﬁﬁes of the inmage
dat a; an.are tect] step of detecting the~m xed area based on the
differg%ggrggPﬁéZHg?haspkgglmﬁﬁ?ﬁrﬁtr? t° %orresponding position in the

I o SRS MBS SFARE <o BRI BT o Benor 00
(he ) PPSpRRERakes Megbiataliatoblon i BARLTISR 48 5L eTLes "
processingupBt Pdi CE0sabPDidQ £LGh MK selector 1221 and a
certain background image, and supplies the background
-component imagérto the mixed-area-image synthesizing portion
1022.
10 The mixed—-area-image synthesizing portion-1022 shown in
"Fig. 90 combines the background component iﬁage éupplied
from the background component generator 1021 with the
foreground cpmboneﬁt‘image 50 as to generate a mixed-area
synthesized image, and supplies the generated mixed-area
15. synthesized image to the image synthesizing portion 1023.

The image synthesizing portion 1023 combines;the
.foreground component image, the mixed-area synthesized image
éupplied from the mixed-area-image synthesizing portion 1022,
and. the background image'bésed on the afea information so as

20 td“@enerate_a synthesized image and outputs it.

fp_this mapner;'the synthesizer 1201‘is ab1e to combine
‘thé fqreground component image with a certain background |
;image; |

_Th¢ eﬁb0diment has been discussed above by éetting_the

"25 mixtﬁre'ratid-avto théuratio of'the background-compoﬁents




5 wherein, in said area detecting step, acovered background area in which
~a foreground object conponent of the objects correspondln to a_foreground
i ncreases over tinme and an uncovered background area i n IRHpeYRrY @Htkground
obj ect conponent of the objects corresponding to a background 10
‘increases over tinme are further detected based on tenporal change of the
detected m xed area. 16. An inage processing nethod according to claim 14,
wherein, in said area-detecting s%ebSﬁa—covered background area in which a
foreground obj ect - conponent of the objects 15 'corresponding to a
foreground increases over tinme and an uncovered background. area in mhlch a

backgr aisit GRIeRClin TREPPASRY %13[%@ Obhg%%t?e%or ESpO”dhgﬁtg%&gf‘:kground

“increases over tinme are further etecte ased

cor r espeidibeg see the thoxehtdat 3¢l ppeag rQ& Bﬂﬁﬁf Sheks 17- An Image
processi ng nmethod according to claim1 FOrt Rer npristng anmotion vector

det ect icomptstiegdofin dBkeptkag bQnggtlon vector. . 18 An i mage processing
met hod according to claim13," further conprising a mxture-ratio

- cal cul at i ngTheé epuidbd Pheral kab abedry @ SBAdIEEL JBHIO Bf‘cge%aéldgg ttl-{ée state in
‘which. 19 January 2006 - 203 the objects are mxed in the data. 19.

" An ¥ ragevangcdsiseatiant hfdthecbodeqgotind chis s 8o f tiid herr&amy si ng a
.separating step of separating at |east a foreground object conponent of
the obff&elsthertefpohei Bgesright. f dimgeoemd fiomdéNnpidiatedtaion . of the

m xed area based
1s not restrlcted to the above ~described direction.

In the above description, a realfspace image having a
three-dimensional space ahd time axis information is
10 projected onto a time space having a two- dlmen51onal space
and time axis information by using a video camera. However,
the present invention is not restricted to this example, and
can be applied to the follow1ng case. When a greater amount
of fl:et information in one—dimensional space is projected
15 onto a smaller amount of second information in a two-
'_ dimeesional space,_distortion'generated by the projection
can be corrected; sighificant'information can be extracted,
or a more natural image can be synthesized. |
| The sensor used‘herein.is ndt-restricted to a CCD, and
20 ‘may be another type of sensor, such as a solld~state image-
,capturlng device, for example, a BBD (Bucket Brigade Dev1ce),
a- CID {Charge InJectlon Devxce), or a CPD (Charge Prlmlng
7Dev1ce), or a CMOS (Complementary Metal- Ox1de Semlconductor).
_‘Also, the sensor does not have to be a sensor in whlch

25 detectlon dev1ce5 are arranged in a matrlx, and may be a




on the mxture ratio. 20. An inmage processing nethod according to claim19,
further conprising a notion-blur adjusting step of adjusting the anmount of
notion blur inthe separated foreground object .10 conpod@d@nuapy200&, | mage
processi ng nethod according to claim19, further conprising_a synthesizing
step- of synthesizing .another desired object with the separated foreground
obj ect conponent based on. the mixture ratio. 15 22. An inmge processing
met hod according to claim 13, .whddtr, in said notion conpensating step,

notion conpensation is-performed by shifting a peripheral frame around a
designated frane so that a background object of the plurality of objects

in theigesdgnal %f&r@fﬁ’eﬂéc@o%og%% t. 20 & g%r%gg:gﬁpgg?éngsii.ti on as the

background object in the .periphera rame; “a &"8et ecting

step, at '@@&%Cb@@iﬁbx%ﬂdéhﬁaihswpﬁgheﬁt§Qo§9§%99092PéPf§%§gference'bet“ee”

the notion- conpensated peripheral frame”ant e designa ¥9ame. 25 23.
A | nagee pranees G Jdeidiod T end MRt anfeatiohd idapuabyaaq0s - 204-

wherein said area detecting step includes a stationary/noving determ ning
step ofayperd dfanmgl of o Plackaafey meid iRV iR wiletar Rheabigg-Rasgd on the

di fference between the pixel data at the correspondi ng pixel position 5.
i N5t heremstrided, c odehs dised iptriipoeea fbraprorndihechdesiagaifdtdrane; and
a user separately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered
ﬁrade name) disk), the optical disc 52 {CD-ROM (Compact
Disc-Read Only Memory) and a DVD (Digital Versatile Disc)},
10 the magneto-optical disk 53 (including'MD,(Mini—Disc)
(registered trade name)), or the semiconductor mémory 54;
The recording medium may also be formed of the ROM 22 or a
hard disk contained in the storage unit 28 in which the
program‘is recofded; such recording medium béing provided to
15 the user while being prestored in the computer.
The Steps forming the program recorded in a reCordiﬁg,
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

20  executed concurrently or individually.

Industrial Applicability
According to the'present invention, a region in which.
~ mixture occurs can be detected. | .




~in said area detecting step, it is detected based on the determ nation of
said stationary/ noving determ nation neans-in which of a foreground area
formed of only a 10 foreground object conponent forning tifdanwredp
object in the plurality of objects, a background area formed of only a
background. object conponent form ng the background object, or the m xed
area the pixel position is. 24. An inmage processing nethod according to .
claim 23, 15 wherein,in said areajdgtecting step, an uncovered .background
area and a covered background area in the mxed area are specrfred based
on the determnation of said stationary/noving determ nation neans, the
uncovered background area being forned at the trailing end in-the 20
direction in which the foregroundCB%f t is noving, the

- -cover ckground -area bern formed at_the, | eadi,ng end |n the direction
Bathet o g1l i apsalrr%forsngfor Sie Lok i AITH S GG havi ng 4
conput 4 eada for e Rr cessrn record t herein,. the
prograﬁ# erﬂg éﬁﬂ%%q@%gkro de ec a &?xe SEE TR 4%ﬂﬁ§% fwhich is
19 Ja ecgiél})ugeoﬁ datfaoro%q:% £ B GELGH en%%éﬂ;\ﬁ@.%qp l.gces of pixel

data o tarn y an .i nmage- capturrng devrce i"ncluding "a eter m ned
‘nugber; ot 4 S d RIS IS RS Rtean ction, the m xed
area 5%|ng aﬁﬁglné% as theJB pi1 xel ta |n Eﬂ%ﬁ tgﬁﬁgﬂjqﬁgy of objects are

m xed HAvil a S3le J.‘Mtrég‘}attﬂih@; RGBS OBk fiiked ar@Rl Kingonpensating.

_step of conpensating for the
obtained as the pixel data in which a plurality of objects
afe mixed in the real world, said image procesSing apparatus-
comprising: | .

10 : motion'compensation means for dompenSating for the
motion of frames of the image data; and |

area detection means for detecting the mixed'area based
on the difference between the pixel data at the
corresponding pasition in the motion—compensated frames.

15 _2; Aﬁ image processing apparatus accordihg to claim 1,

'»Wherein said area detection means defects the mixed area to
Which at least the pixel data belongs when the difference is
greater than or equal Eo a threshold. |
3. An image processing apparatﬁs accordiﬁg to claim 2,

.20 wherein said area detecﬁion means further detects, based bn'
temporal chaﬁge of the detected mixed area,-a covered |
background area in which a.foregxound objéctjcomponent‘off
ﬁhé objects cOrresponding-to a foreground.increases over
“time and‘aﬁ uncovered_background area-in which a bacﬁgrouhd'

_.25' object component of the objects correspdnding to a




~notion of frames of the inmage data; and an-area detecting step of detecting
the m xed area 10 based on the difference between the pHégl datgtgi t he
anygry 20y ¢

correspondi ng- position in the notion-conpensated franes- RTY i ng
medi um.according to claim25,"wherein, in said area detecting step, the
m xed area to which at least the pixel data belongs is detected when the
difference is 15 greater than or equal to a threshold. 27. A recording
medi um according to claim 26, mhejeiig in said area detecting step, a
covered background area in which a ftoreground object conponent of the
obj ects corresponding to a foreground increases over tine and an uncovered
20 background area.in which a background object conponent of the objects
cor r esPBREPREURE ANBESATEDUAYET nkiBases over time are further det ected
based on tenporal change of the detected m xed area. 28. A recording
nedi unt accOP diAZIE PEPSFFT BT PR ERHEs | 3ccoling darekedetdbeting step, 'a
coverqggbackﬁroun area in mh%ch 19 January .2006 = 206- - a foreground
obj ect “eBhpbhent Bt H2 Spec %Q%d??%%%oﬁﬁe I 1 dPLeqictedtasifith Ather eases
over ti \N covered background darea in i a background obj ect
corrpone%oo %ﬁge%ﬁ?%c?%r%%%%% Jorh%li%%%l’beap_ d fFdasds over 5
time afgafprifes det &;%de(?ag Ion vector corresponding to the
pi xel Jgta in each d? the réﬁgéé iéhézgé%ﬁxﬁ%ﬁW%fq%uﬁlﬁ%aﬁﬂﬁﬂqﬂ g to claim
- 28, Wheg bt (EShp R BE K (1 AR S IBY P b/ GOt OF detecting step
o] - . ) :
' foreground increases over time and an uncovered background
area in which a background object comﬁonent of the objects
- corresponding to a background increases over time.
10 5. An image processing apparatﬁs‘according to claim 4,
further comprising motion vector detection meané for
detecting -the motion vector.
6. An image processing apparatus according to claim 1,
further comprising mixture#ratio-calculation means for
15. calculating a mixture ratio indicating the state in which
".the objects are mixed in the pixel data.
.7. An image processing apparatUS'accofding to claim 6,
- further comprising separation means for separating at least
'.a'fbreground object comPOnént of the objects corresponding
20 to a foreground from the pixel data of the mixed area based .
‘on the mixture ratio.
_8. An image processing apparatus according to claim 7,
further comprising motion-blur adjusting means for adjusting

'_[che amount of motion blur in the separatéd foreground object

25 compénent.




detecting the notion vector. 10 30. A recording nedium according to claim
25, wherein the program further conprises a mxture-ratio calculating step
of calculating-a mxture ratio indicating the state in whil@Hanuale2@ls ect s
~are mxed in the pixel data. 31. A recording medium according-to claim 30,
wherein the 15 programfurther conprises a separating step of separating .
at | east a foreground-object conponent of. the objects corresponding to a
foreground fromthe pixel data o[_ng_ m xed area based on the m xture
ratio. 32. A recording medi um acéortithg to claim 31,, wherein the 20.
program further conprises a notion-blur adjusting step of .adjusting the
*amount of notion blur in the separated foreground object conponent. 33. A
recor d® ng. Aredinmyaceorcksging apparlis adwryelimg he qlradgr @n furt her
conpri ses a synthesizing step of 25 synthesizing another desired object
wi t h t#iergeparconpl i Lng gnrilye 20069 -n@oys fdnreagrtdesd zdbigect conponent
based on the mixture ratjo. 34. A recording nmedium according to claim 25,
wher eidnother sdesi ved | G e@hpeksat the) seraratas ifoaregsopyess ablest s
performed by shifting a peripheral frane around a designated frane so that
a bacKgimRARERbjReted P Hh@ldsigfiatedcatishe is .. di sposed at. the sane pixel
position as the background object in the peripheral frane; .and in said

i0
ar 8a d’e‘?'ect%gl‘%ﬁ‘%%, CEEHNY (IR REPLEFHE Y P Géd ™bdzed on the

differ ennce bet vve.e(y t he. noti on ] .
wiereln sal movion compensatlon neans perform-s motion

R compensation by shifting a-peripheral frame around a
designated frame so that a background object of the
plurality of objects.in the designated frame is disposed at

10 -the‘same'pixel position asithe.background object in the
peripheral frame; and | |
saidrarea detection means détects at least the mixed
area based on the difference between the ﬁotion*cbmpensatéd
. peripheral frame and the désignated frame.
15 11. An image processing apparatus aqcording to claim 10, -

"wherein said area'detection means includes stationary/moving
deternination means- for pefforming a stationary or moving

 ~determinatidn based on theédifference,between the pixel data
at1the corresponding-pixel.position in the motion-

20 " ‘compensated peripheral franme andlthe designated frame; énd-
said area detection means deteéts, based on the
determination of said stationary/moving determination means,

-iingﬁhich of-a foreground area formed of only a foreg;oﬁnd

 :‘iobject-¢omponent formiﬁg the foregfound-objebt in the

_25"pluraliﬁy of objects, a béckground'area:formed df-only a




10 conpensated peripheral frane and the designated franme. 35. A recording
“medi um according to claim 34, wherein said area detecting step includes a
stationary/ moving determning step of perform ng a statiDRaMar9R00®VI Ng
determ-nation based on the difference between the pixel data at the 15
correspondi ng- pi xel position. in the notion-conpensated perlpheral frame
and the designated franme; and in said area detecting step, is detected
based on the determ nation of said, Ofﬁ_atlonary/m)wng deternlnation nmeans
in which of a foreground area forned of only a 20 foreground object
conponent formng the foreground object in -the plurality of objects, a
- background area. fornmed of only a background object conponent, form ng

t he- baRKGFFERESHlREact cqwmw%&emmeat%éom@ommmms 36. A
recordi ng,_medi um according to claim35, wherein,. in 25 said area detectlng
step, ¥n TR JUEFRY PRK Jr¥umExek &e2Hd.op 1195-January 2006 - 208- covered
backgr nd rea in the mxed area are‘ggeC|f|ed -based on the determ nation

of .saitr's cﬂEﬁ%ﬁrﬁﬁﬂ?ﬁfs%ﬁﬁeﬁﬁﬁqﬁﬁ el inghd uids\vet éd sbackgr ound

area rmed at th i.ling. end |n the direction in which the 5
foregr ou&%’ obj ecjtcgl srer?o\ffer%:ge qi A HPELVE&EChg formed at

the I gadi h d ohj ect .
375 AR ok %é%iﬁ?eée?deﬁ%pé&" gg‘%’%‘&é&ﬁa R BRE stope, e
Coﬁputa%feAD%ikgecPQﬁPt&% R t80aHa 3 ol G MEE 38R iLHATY/MBYgngat @ which is

- fornmed of _
determlnatlon means, the uncovered. background area being .

formed aﬁ the trailing end in the direction in which the
foreground object is moving, the covered background area
10 being formed at the leading end in the direction in which
the foreground‘object is moving. |
13. &An image prOcessing method for detecting a mixed area
. from image data which is formed of a predetermined number of
pieces of pixel dafa obtained by an image¥capturing device
15 including_a predetermined number of pixels, the pixels .
: having a time integreting function, the mixed area being
obtained as the pixel data in which a plurality of objects
- are mixed in the real world, said image,proceesing method
‘_comprising;
20 ' a~mgtion'compensating step of compensating-fer.the.
motion of frames:of the imege.data; and
| an area detecting step of detecting the mixed area
.based on the différehce_between the pixel data at the
1correspohding'pesition in the motionfcomﬁensated ffaﬁes,

25 145 An image processing method according to claim 13,




predet erm ned nunber of pieces of pixel data obtained by an

1 mage- capturing device including a predeterm ned nunber of pixels,.

the. pi xel s having a time integrating function, the m xed9damerp2d0e

obt ai ned as the pixel data in which a 15 plurality of objects are mxed in

the real world: a notion conpensating step of conpensating for the notion

~of frames of the inmage data; and an area detecting step of .detecting the: ‘
m xed area based on the differencedetween the pixel data at the 20 |
correspondi ng position in the notion-conpensated franmes. 38. A program
according-to claim 37, wherein, in said area detecting step, the m xed

area to which at Ieaﬁi t he pixel data belongs is detected when the

di ff er'®NTEE Y ghbattd (HER WEHUANI (F P 4 s Avixed A¥e39 toa program

di t l.ai m38., wherej [ id a 19 J ' 2006 - 209- -
ot ot PhEPR (h FSATo i P DAk I PR e ed Wssh GlRd obj et

and antihedialed WGEDAE REEY (A Lt D 0bj ot conponent o
{he obieCton? SRIESANLIRLD B ORCKUANAL IPreRsas Ve, e are
cover ol Bare ond b N R S o R s kI ERER %ot the
ggjc E;agruﬁrfr?m% 0 At RyrRIRD OBkt ROMERIRHOVE thiTBbgadan uncovered
qorresponding to a foreground increases over time and an

uncovered background area in which a background object
component of the objects corresponding to a background
10 “increases over time are further detected based on temporal

.change of the detected mixed area.

16. An image processing method acecording to claim 14,
- wherein, in said area detecting step, a covered background
area in.which a foreground.object.component of therobjects
15 ‘eorresponding to a_foregrouﬁd increases over time and an
?.uncovered background area in which a background object
Component of the objects corresponding to a baékground
_increases ovér-time are further detected based 6n a motion
vector correqundinq to the pixel data in each of the frames.
-20 " 17. An image-processing method according to claim 16, |
ifurther cohprising a motion vector detecting‘steplof
detécting the motion vector. |
' 18. An imagelproceSSing method according to claim 13,
~_ furﬁher comprising a'mixture—ratid:calculgtiﬂg step 6f |

025  calculating a mixture ratio indicating-ﬁhe state in which.



area in which a background object conponent of the objects corresponding
“to a background increases over tinme are further detected based on a notion
vector corresponding to 15 the pixel data in each of the forlamesy20d6 A
“program according to claim40, further conprising a notion vector
detecting step of detecting the notion vector. 42. A programaccording to
claim37,- further-conprising & mxture-ratio calculating step of
calculating a mxture 20 ratio indig@iing the state in which the objects.
are mxed in ,the pixel data. 43. A program according to claim42, further
conprising a separating step of separating at |east a foreground object

corrponerrl]t of .t he o%ec'ts corresponding to._a foreground from 25 the pixel
data of ¢ HRPHFRER aFed bRt BntheiP st Batzatio. 19 January 2006 - 210-

44. A f{)ogr m according to ¢laim43, further conprising a_notion-blur
adj ust Thy pl%?g%oﬁ’ﬁ‘g??ﬁﬁl?%é“ea 2SRRI 0 BHAAIT H8he separated
foregr | conponent . 45. A program accordi-ng to claim 43, further
conpri]g’i&lﬁgl%? &%a%@:'h%rﬁ%%iaii%%paﬁ%%l H -i%%a&ﬂ%&t d&sSted obj ect
-with t ' o) j.ect onegni hased on the ..mxture
Crati o.§%$£%%€€aém ‘?:(g%réjl goq{)éon‘%‘ccI'Daf?nc ,oeb eecrbce‘ci oL PN ot i on

compensats ngs st APt #,95): GO j i.s. per hifting a
peri pheral franglee&aur ound a desi glig%id%ﬂaﬁe%ogﬁigﬁ%f%%é%r %l‘cjlrslgdobj ect of
t he plaf attd ¥niGft0ky aedtsid h the designated, frame is disposed at the same

"~ pixel position as ,

20. An image processing method according to claim 19,
 further comprising a motion-blur adjusting step of adjusting
the amount of motion blur in the separated foreground object

10 component.

| '.21' An image_processing method according to claim 19,
.further'comprisingAa synthesizing step of synthesizing
another desired object with the Separated foreground object
“component based on. the mixture ratio.

15 22. An image processing method according to claim 13,
.wherein, in said motion compensating step, motion
‘compensation is-performed by shifting a peripheral frame
'afound a designated frame 'so that a background object of the

. plurality of objects in the designated frame is disposed at -

20 . the Samé pixel position as the background object in the

peripheral frame; and- |
in said area detecting step, at least the mixed area is
detected based on the‘differeﬁce between the motion-

;J7 -pompensated peripheral frame and‘the designated framé.

25 23.7 An_image processing method according to élaim-Zz,




t he background object in the peripheral frame; and in said area detecting
"step, at least the mxed area is 15 detected based on the difference
between the notion .conpensated peripheral frame and the terngagtedsfrane. '
47. A program according to claim46, wherein said area detecting step

i ncludes a stationary/noving determning step of performng a stationary
or noving determnation based on 20 the difference between the pixel data
at the corresponding. pixel poskitiga in the notion-conpensated peri pheral
frame and the designated frame;.and in said area detecting step, it is
detected based on the determ nation of.said stationary/noving

determ,nation 25 peans in which of.a fareqground area forned of only a 19
Januar{Pose s arex #etfrcw %e@ct”hcg'r'rﬁ?ﬁeﬁt formng the foreground
obj ect_,in : 1 he ral i lects, .a _ba roynd area forned of only a

bac kgrsot_{uér}: _Oor%%éfc?t%_c‘é e o)r@ée;qer%l gLrn %nr?g sttr%’ l??é%&r#g’ﬁ&li}gj &ct, or the m xed
area 16 PSRl PO Bl e R t4miftatlR0TADAC 60 4hR04 @6l aLILA7, wherein,
in said area detecting Step, an uncovered background area and a covered
backgrub i Ghd i Mt A AR r3REIAGPBI2E1 0Bk s on

. determ nation of 'said stationary/noving determ nation ans, the uncovered
baskgrieurtdzeamifaﬁi%m%@h@tte@t plelt€ phleialll #¢amé0a8Rdt+hB the direction in
whi ch.the foreground object is noving, the covered background area being
for rediagiidited If@agiengatad in the direction in which the foreground object
IS nmoving. ' _ _
in said area detecting step, it is detected based on

the determination of said stationary/moving determination

means. in which of a foreground area formed of only a

10 foreground object component forming the foreground object in

the plurality of objects, a background area formed of only a
background_object component forming the background object,
or the mixed area the pixel position is.
24. An image pfoéessing method according to.claim 23,
- 15 wheréin,,in said area detecting step, an_uncovered :
‘fbackground area and a covered background area in the mixed
'afea'a;e specified based on the determination of said |
stationarY/moving determination means, the uncovered
béckground area being fprmed at the trailing end in,the_
20 direction in which the foreground ohject is moving, the
-covered.background aréa being formed at the-leading,end in
the direction in which the foreground object is mo#ing.
25._ A recording medium héving a gomputer—readable-program
Vafor image processing recorded thereir, the'progiam béihg

ﬁ25 adapted to detect a mixed area from imagegdata'which-is



49. An i mage-capturing apparatus conprising: 15 i mage-capturing neans for
“outputting a subject. inage captured-by an image--capturing device
including a predeterm ned nunber of pixels as inage datalxlaneirs06® of a
predet erm ned nunber of pieces of pixel data, the pixels having a tine
integrating function; 20 notion conpensation neans for conpensating for the
notion, of frames of the inmage data; and area detection neans for detecting
fromthe. image.data a mixed area aggthe pixel data in which a plurality
of objects are mxed in the real world based on the difference 25 between
the _pixel data at the corresponding position in the 19 January 2006 - 212-
not i on-C£Q nsated fr s. 50. An image-capturing apparatus according to
C|aiW1$%F%£%Wﬁ réiHrgaggeﬁpéﬁeﬁePEEPPSnoﬁeﬁh@cﬁét@5tE%¥ﬁé diked area to

whi ch %%t%? SE heaﬁixel data _bel ongs when the difference is 5 'greater
than or equal t 8¥a?thtBefsT PSR 1RH ARE{ES cAPELPIHYT apparat us according to
claim LD Sal ea-detection ans_furthrer' detects, based on
tenporggégﬁggggiggdtﬁe 8%%e§§e81ﬁ$§86 5 8a?l§¢¥%v%?%ﬂngb%c?b?%und area in
“whi ch gnkeLedk9HRAFQREESE , COPRANEE f .10 _the.objects.corresponding to a -
foregroﬁndb?ncregsegg%ggén’t?ﬁé gggegnéﬁg%og%%%% %%é?ﬁ?%ﬁnﬁsaqﬂﬁ in which a
backgr pand1 ahigCin CORDORCAtpohrh herobh £CLS;EOEL SSPONG] gy t 0, 8y backgr ound

i ncreases over time. 52. An inmage-capturing apparatus accord?ng %o claim -

50, real world, the program comprising:
a motion compensating step of compensating for the
motion of frames of the image data; and

an .area detecting step of detecting the mixed area

10 based on the difference between the pixelrdata at the
corresponding position in the motion-compensated frames.

26. A recording medium according to claim 25, wherein, in

said area detecting step, the ﬁixed area to which at least
the pixel'data_belongs is detected when the difference is
15 greater than or equal to a threshold.
._ 27. A recording medium according to claim 26, wherein, in
said area detecting step; a cdveredfbaékground area in which
- a foreground object component of the objects corresponding
to a foreground increases over time ahd an uncovered_
20.-background_area_in,Which a background-object combonent of -
!the objects_correspdnding tp a background inereasee:over‘
time are further detected based on—temporai'change of the
detected miﬁed area. |
‘lEZB‘ A recerding medium according teo elaiﬁ:26,~wherein, in

?5 said’area detecting step, a cevered background area in which



. 15 wherein said area detection neans further detects, based on a notion
vector corresponding to the pixel data in each of. the franes, a covered
background area in which a foreground object conponent qb Juhgrpbomct s
corresponding to a foreground increases over tine and an uncovered
background 20 area in which a background object conponent of the objects
correspondi ng to a background increases over tine. .53. An inmage-capturing
apparatus according to claimb52, E rther conprising notion vector
detection neans for detecting the“motion vector. 25 54. An inage-capturing
apparatus. according to claim49, 19 January 2006 - 213- - further
conprising mxture-ratio calculation neans for calculating a mxture ratio
i ndi cat i radwidtad jiarwWriooiponteimd off diites djeatisx et rire spplvadpingel dat a. 55.
An i mage-capturing apparatus according to claimb54, 5 further conprising
separ &9 én J‘Eae'amrmmd sasgieasiasgoyel ddgste apd aregpnowivered| ect -conponent of
the objects corresponding to aaforeground fromt.he pixel data of the m xed
"~ area RRCGRPrOm4 REad ¥y MR ich ifo baskargundreddecapcopbegeadp &fat us
accordi.ng to, claim55, 10 further conprising notion-blur adjusting neans
- for adihfS NGt CFRAFROTG NG tP0 R BaFKILeUde 18658P8€Ed O¥6Fegr ound obj ect

Cottpr 1aris A A GOERhEr BRoEh s Bog obs VaHERKer desired obj oct
V“t"‘é%'f%gﬁ%ﬁﬁf%% E%r%%éo%ggeﬁbh%%% in each of the frames. |
29. A recording medium according to claim 28, wherein the.
program further comprises a motion vector detecting step of
detecting the motion vector.
10 30. A recording medium.according to claim 25, wherein the
program further comprises a mixture-ratio calculating'step
of Calculating.é mixture ratio indicating thg.state-in'which

the objects are mixed in the pixel data.

31. A recording medium according to claim 30, wherein the

15 program further comprises a separating step_of separating at

..least a foregroﬁnd.object component‘of.the objects
corrésponding to a foregrbund from the pixel data of the
mixed area based on the mixture ratié.

32. A.reéording mediumraccbrding to claim 31, wherein the
20 program further comprises a motionrblur adeSting‘step of

.adjusting-the amount of mbtioh'blur in the separated

foreground cbject cbmponent.

:33; A recording medium according to claim 31, wherein the

jprogram fufther.cqmprises'a syntﬁésiziﬁg step'qf |

25 synthesizing anotﬁer desired object with the separated:' 



conponent based on.the m xture ratio. 58. An inmage-capturing apparatus
according to claim49, wherein said notion conpensation neans perforns
motion conpensation by shifting aperipheral frame around9damiby ge® gnat ed
frame so that a background object of the plurality of objects in the
designated frane is disposed at the-sanme pixel position as the background.
object in the peripheral frane; and said area detection neans detects at

| east the m xed 25 area., based on 5&; di fference between the

not i on- conpensated 19 January 2006 214- peripheral frane and

t he-designated franme. .59. An inmage-capturing apparatus according to clalm
58, wherein said area detection neans includes stationary/noving-

det er mfexeigseuRsa b ikot pemponﬁnhgbassdabnobheymet@ﬁylﬁ@tfbdeternlnatlon
based on the difference between the pixel data at the corresponding. pi xel
posi ti éf-i n?t Fecwsdiipa- nedhpensacetdpryi pheckhifir 2% winelré e, dsi gnat ed
frame; and sai d. area detection neans detects, based on the determ.nation
of sal§a§FaWPGHQPyFﬁBPPﬂ§aHEF@rﬁ?ﬂﬁt|@@th%%n@0mpqmﬁ¢tﬂQWNtm of a foreground

ar ea for (o] f.oreground ob ect _conponent form ng the foreground
obj ect F dpp’f aﬁ%f—';'rl ‘? dopRERE eﬁa%aﬁ%’(ﬁﬂ%uﬁlﬁp‘m@aﬁf yighaffednly a
ar et ﬁ%a%fexeive%s FoRe g S et %Bc‘fj%‘%%gééé’ém?é%tagic?réfﬁg
to C'3855585ed at the same pixel position as the background object
in the peripheral frame; and
in said area detecting step, at least the mixed area is
detected based on the difference between the motion—
10 compensated poripheral frame and the designated frame.
' :35. A recording medium according to claim 34, wherein said
area detecting step includes a stationary/moving defe;mining
step of performing a stationary or noving determination
based on the difference betﬁeen the pixel data af the
15 corresponding -pixel position in the motion-compensated
o peripheral frame and the designated frame; and -
in said area detecting’step; it is detecfed based on
‘the determination of said,stétionar?/moving determination
- means in which of a foreground area formed of only a
-d20; foreground object component forming the foreground object.ln
:the plurallty of ebjects, a background area formed of only a
dbackground object component forming ‘the background object,.
for‘the mixed area the pixel position is.
36. A récOrding medinm according:to claim 35, nherein,din

, 25'_said-nrea detecting step, an uncovered background‘areanand.a




wherein said area detection neans specifies an uncovered background area
~and a covered background area in the m xed area based on the determ nation
of said stationary/noving determ nation nmeans, the uncovérlesuadnna®fr ound
area being '20 forned at the trailing end in the direction in which the
foreground object is noving, the covered background area being formed at
the leading end in the direction in which the foreground object is noving.
19 January 2006 - 215- ABSTRACT _Apgghj-ect of the present invention is to.
make it possible to detect an area in which mxture occurs.' An object
extracting unit 251 extracts a foreground object froman input inmage to
generate anégrﬁggifecif'ed object. which is  fornmed of a foreground i mage

obj ect“{ff’ LAHhERRE  Thdthe AL St DA ThgP e E9shckgr ound ar ea.
A noti.on o] sat or, 252 cqnpensates for the notion of. the area- specified
obj ectb%saescgd’r}gﬁ:rh%épestlﬁfﬁﬁ“é%m_i% Ve’tffq?ftag:rfdm MG i nfornation

t here A5 acti i t,..25 subtracts t.he pixel_ val ye-.of a pixe

bel ongentg o{i'g&trlf%glr él{g&]Er(%l gu@rfd telfr?e e;hno Olﬁ%ree%rbeaaqksgpreoglﬁg;ea eoabj et 9 n frame #n-1

Suppli ReildPrad " EMIh Thd ANAE Gl S U St Rige! el ongi ng

to a foreground area o ar ea- specl ject 1n trame #n supplied

fram tdha QhiREd R IR0 iilng, 43k d&%&%éé’%}ﬁm S YL at the
correspondi ng posifion., so .as to obtain a frane |fferenceabetmeen t he
Pi xel peibr) qreimRel 6@ e lUROMMURGENSA thR dINAld Y Which
A the foreground object is moving. v |
37. A program which causes a computer to execute the
following steps, the computer being adapted to detect a
10 mixed area from image data which is formed of a
predetermined number of pieces of pixel data obtained by an
- image-capturing device including a predetermined number of
pixels, the,pixeis having a time integrating function; the
mixed area being obtained as the pixel data in which a
15 plurality of objects are mixed in the real world:
a ﬁofion.compensating Sfep of compeﬁsating for the
motion df frames of the image‘data; and | |
an area detecting step of detecfing the mixed area
based-on the difference between the pixel data at the
20 corresponding poéition in the motion—compensated.frames;
38. A4 program according to claim 37, wﬁereiﬁ, in said area
.detécting step, the mixed aréa‘to-ﬁhich at least the pixel
data belongs'is detected when the difference is greater thég
_ 6r equal to a threshold. A

25" 39._-A program according to claim 38, wherein, in said area




processor 255 detects a m xed area based on the difference The present
I nvention is applicable to a signal processing apparatus for processing an
I mage. . o 7 19 January 2006

- 209 -

detecting step, a covered backgfound area in which a
foreground object componént of the objects corregponding to
a foreground increases over time and an uncovered baékgrdﬁnd |
area in which a background object component of the objects
5 corresponding to a background increases over time are

further detécted based on temporal change of the detected’
mixed area. |
40. -A.program-aCcording to claim 38, wherein, in said area
detecting step, a covered background area in which a

10 foreground object component of the objects correéponding to

a foreground increases over time and an uncovered background

area in which a background object component of the objects

corresponding to a background increases over time are

further detected based on a motion vector corresponding to
15 the pixel data in each of the frames;
41. A program according to claim 40, further qomprising a
motion vector detecting step of detecéing the motion vector.
42 . A.prograﬁ according to claim 37} furthef-comprising a
mixture-ratio calculating step of caiculating a mixture
20 ratio indicating the state in which the objects,are mixed in

,ﬁhe pixel data. |
43, A program according to claim 42, further cémprising a
'separafing step of separating at.least a foregroﬁnd objeét
;component of thé objeéts correspOnding to:a foregréuﬁd from

' ‘25 _‘the pixel data of the mixed area based on the mixture ratio.
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44. A program according to claim 43, further comprising a

-motion-blur adjusting step of adjusting the amount of motion

‘blur in the separated foreground object coméenent.

45, A program according to claim 43, further comprising a

'SyntheSiZing-step of synthesizing another desired object
with the separated foreground object component based on the

~mixture ratio.

46. A program according to claim 37, wherein, in said

motion compensating step, motion compensation is performed
by shifting a periphe:al frame around a designated frame so
that a background object of the plurality'of objects in the

designated frame is disposed at the same pixel position as

_the background object in the peripheral frame; and

in said area detecting step, at least the mixed area is

detected based on the difference between the motion-

.compensated peripheral frame and the desigﬁated frame.

47. A program according to claim 46, wherein said area

detecting step includes a étationary/moving determining step

'of'perferming a stationary or moving determination based on

the difference between the pixel data at the corresponding.
pixel pesition in the motion-compensated peripheral frame
and:the'designated frame; and

in-said area detecting step, 1t is detected based on

-the determlnatlon of said stat10nary/movxng determlnatlon

means in whlch of a foreground area formed of only a
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foreground object component forming the foreground object in

" the plurality of objects, a background area formed of only a

background object component forming the backﬁround obhiject,

or the mixed areé the pixei poéitién is.

48, Amprdgram according to‘élaim 47, wherein, in said area
detgcting step, an uncovered background area aﬁd a covered

backgrdund area in the mixed area are specified based on the

~determination of said stationary/moving determination means,

the uncovered background area being formed at the trailing
end in the direction in which the foreground object is
moving, the covered ba;kground area being formed at the

leading end in the direction in which the foreground object

is moving.

49. BAn image-capturing apparatus comprising:

imagemcapturing means for outputting a subject. image

‘captured by an image-capturing device including a

predetermined number of piXels as image data consisting of a

predetermined number of pié¢es of pixel data, the pixels

" having a time integrating function;

motion cdmpensation means for compensating for the

motion, of frames of the image data; and

3 area detection meéns‘for detecting from the image data

a mixed area as the pixel daté.in_which a plurality of

“objects are mixed in the real world based,dh the difference

-betwéen,theipixel.data'at the cbrresponding position in the
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motion-compensated frames.
50. An image-capturing apparatus according to claim 49,
wherein said area detection means detects the mixed area to

which at least the pixel data belongs when the difference is

:greater than or egual to a threshold

51. An image-capturing apparatus according to claim 50,
wherein said area detection'means fnrther'detects,‘based on

temporal change of the detected mixed area, a covered

‘background area in which a foreground object component of

the objects corresponding to a foreground increases over
time and an uncovered background area in which a‘background
object component of the objects corresponding to a
background increases over time.

52. An-image—cepturing apparatus according to claim 50,

wherein said area detection means further detects, based on

' 'a motion vector corresponding to the pixel data in each of.

the frames, a covered background area in which a foreground
object component of the obﬁects corresponding to a

foreground 1ncreases over tlme and an uncovered background

.area in whlch a background object component of the objects

correspondlng to a background lncreases over tlme.

53. An image-capturing apparatus according to claim 52,

;further comprising motion vector detection means for
.detecting the motion vector.

54-“33 image—capturing apparatus according to claim 49,




i0

215

20

25

19 January 2006

- 213 -~

further comprising mixture-ratio calculation means for

~calculating a mixture ratio indicating the state in which

the objects are mixed in the pixel data.

55. An image—cépturing apparatus acCﬁrding to claim 54,
further comprising separation means for separating at leaét
a fqreground object component of the objects corresponding
toa foreground from the pixel data of the mixed area based
on the mixture ratio. |

56. 'An image¥capturing apparatus éccording-to claim 55,
furthef comprising motion-blur adjusting means for adjusting
the amount of motion blur in the éeparated foreground object
component. |

57. An'image—captuting apparatus according to claim 55,
further comprising synthesizing means for synthesizing

another desired object with the separated foreground object

. component based on.the mixture ratio.

58. An image—capturing'apparatus according to claim 49,

wherein said motion compensation means performs motion

compensation by shifting a peripheral frame around a

designated frame so that a background object of-ﬁhe

plurality of objects in the designated frame is disposed at

-the sanme pixelvposition as the background object in the

'-periphéral frame; and

said area detection means detects at least the mixed

area based on the difference between the motion-compensated
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peripheral frame and the designated frame.

.59, An imagencapturing apparatus according to claim 58,

wherein said area detection means includes stationary/moving.

determination means for performing a stationary or moving

-de rmlqatlon based on the difference between the plxel data

at the corresponding pixel position in the motion-
compensated peripheral frame and the designated frame; and
said area detection means detects, based on the
determination of séid stationary/moving.determination means,
in which of a foreground area formed of only a foregréund

object component forming the foreground object in the

‘plurality of objects, a background area formed of only a

background object component forming the background obiject,
or the mixed areé the pixel position is.

60. An image-capturing apparatus according to claim 59,

© wherein said area detection means specifies an uncovered

background area and a covered background area in thé mixed
afea based on the determinatibn of said stationary/moving
determination means, the_unbovered baékéround area being
formed at the trailing end in the direction in which the
foreground object is_moving,.the‘covered background area
ﬁeing formed at fhe leadihg end in the direqtion'in which

the foreground object is moving.
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ABSTRACT

An objecf of the present invention is to make it
possible to detect an area in which mixture'Bccurs.' An
object extracting unit 251 extracts a foreground object from
an inﬁut image.to geneﬁate an area-speéified object which is
formed of a foreground image object and a value indicating
that the‘object beloﬁgs'to a background area. A motion
compensator 252 compensates for the motion of the area-
épecified object based on the supplied motion vector and
positional ihformation thereof. A.sﬁbtracting unit 254
subtracts theApixel value of a pixel belonging tb a
fbréground area of the area-specified object in framer#n—l
supplied from frame memory 253 from the pixel value of a
pixel bglonging'tO'a foreground area of the area-specified

‘object in frame {#in supplied from the object extractlng unit

.-‘251, in whlch the pixels are at the correspondlng p031t10n,

so as to obtain a frame difference between the pixels
belonging to the foréqround area. A threshold-value
processor 255 detects a mixed area based on the difference.
The present invention is ap@licable to a sigpal proceséing

apparatus for processing an image.




