'3 August 2005 -1 DESCRI PTI ON | MAGE PROCESSI NG APPARATUS . Technical Field
The present invention relates tolanrlnage processi ng Qaﬁraugﬁognd in. .
particular, to an inmage processing - apparatus that accoln i

di fference between a signal detected by a sensor and the real world.
~Background~Art Techni ques for detecting amevent in.the real world and for
-~ “processing sanpled data output froman. inmage sensor are in w despread

- use. For exanple, the image of an-olpject noving in front-of a .stationary
pr edet er mi ned- background, taken. by a video : canera, suffers froma notion
~btur-whemn-the noti-on—-speed-of-—the- obj-ecti-s-relatively-fast.—When an- .
object is noving in front of a statlonar% background notion bl ur. occurs
due to not only the mixture ofP§¥HeRIREE8Nof the noving object itself but
‘al so due to the. mixture of the background ‘i mrage and the image of the
~novi ng object. The detection of 'the nmixed state of .the background inage

l-aand t ect ‘has- been conventlonally unt hi nkabl e.
’Auguﬂuauﬁg?ﬁbéﬁ%égg?osurgﬂéﬁg%he Inventlon ' : o
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gTechniCal Field
The present‘invention relates to an image procesSing'

R apparatus and in partlcular, to an 1mage proce551ng

'_apparatus that accounts for a dlfference between a 51gnal

'_detected by a sensor and the real- world.

Background Art
- Techniques'for detecting-anlevent in the real world

.and for process1ng sampled data output from an 1mage sensor

~are in W1despread use._
| t For example, the lmage of an object mov1ng in front- of
' a statlonary predetermlned background, taken by a video
1camera, suffers from a motion blur When the motlon speed of
the object is. relatlvely fast. |
When an ob]ect is mov1ng in front of alstatlonary
background motion blur occurs due to not only the mlxture
of the image of- the mov1ng object 1tself but also due to -
the mlxture of the background 1mage and the 1mage of the
.mOV1ng object. The detectlon of the mlxed state of the
‘background image and the 1mage of the moving ob]ect has'

been conventlonally unthlnkable.



Enbodi ments of the present invention seek to detect a mxture ratio
representing the degree of mxture of a plurality of o J%ntgdiﬁgh as the

i mge of background and the image of a noving object. imMg'to a first
aspect of the invention, there is provided an image processing apparatus
for processing i mage .data containing a predeterm ned nunber of pieces of
pi xel data obtained by an image pickup el enent having a predeterm ned
nunber of pixels, each pixel having a-tpne integration effect, the inage
processi ng apparatus conprising: background pi xel extractor neans for
"extracting pixel data of a frame prior to or subsequent to a target
frame, target pixel of the target frame in the imge

_ cori ﬁondl%gt a
data, a®*BAtRGHrEENg SRR (Y n object, which serves as a background,
from am)ng a pI urallty of objects of the imge data, target frame pixel

t t t t | dat f the t t | inth
Chrget T rangTEREIHINES dafa O PHFRERCI ATERBIPE HIGK obt e et got
pi xel in, t e targ % frame, rela |onaI uatlon gen%ratqr nmeans for _
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t th l at h t f th
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backgrqﬂﬂggepbfeg ﬂgbﬁn%OEBS%%Qnd'ng to the data of the target pixel and

According to a first aspect of the invention, there is

provided an -image processing apparatus for processing image
data containing a predetermined number of pieces of pixel

data obtained by an image pickup element having a

predetermined number of pixels, each pixel having a time

integration effect, the image processing apparatus

comprising:
background pixel extractor means for extracting pixel
data of a frame prior to or subseguent to a target frame,
' corresponding to a target pixel of the target frame in the
image data, as background pixel data of an object, which
serves as a background, from among a plurality of objects of
the extractor means for

image data, target frame pixel

extracting pixel data of the target
. frame and pixel data of a pixel in
in the

target pixel target frame,

pixel in the target
the wvicinity of the

relational equation

generator means for generating a plurality of equations




the pixel in the vicinity of the target pixel, and mxture ratio detector
means for detecting a mxture ratio indicating a 3 Augyt,-a8993 ﬁixed state
of the plurality of objects in the real world in connec g P t he
target pixel based on the rel ational equations. The rel ational equation
generator neans may generate the plurality of equations. based on a-first
approxi mati on which regards, as identical, conponents of an object which
..serves as a foreground, fromanong the plurality of objects of the
'image data contained in the pixel-daga—of the target pixel and the pixe
in the vicinity of' the target pixel, and based on a second approxi mation
whi ch assunes that a variation in the mxture ratio is linear wth respect
to the position of pixels within a mxed area. where the plurality of

obj ect 5eP§eREREANTIThe el SONERAL IEuatWidh gdfd at'Grr FelnsP #8§1 genki@t e t he
pIuraIitiaot equatiqns based on a first approximtion which regards, as
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| ratio detector means for detecting a mixture ratio

indicating a




. The mixture ratio detector-nmeans nmay. detect the mxture ratio by solving
- the plurality of relational 3 August 2005 equations throug s&Bﬁ éeast
- squares nmethod. The background pi xel extractor-nmeans may e.-rac?, as the
“‘background pi xel data, the pixel data in the frame prior to the target
- frame when the target pixel, in the nixed area where the plurality of
~objects is mxed, belongs to a covered background area fornmed at the
forward end side of a foreground object in-the direction of notion
- thereof, while the background pixel extractor neans may extract, as the
—background—pixel--data,—the pixel -data-in-t-he-frame-subsequent -t o the-target-
frame when. the targ t pixel, in,the mxed area where the ural ity of _
~ obj ect®¥ed Fhae geFBﬁgElFEaéﬁtﬁhéﬁbéﬁéﬁxﬂébK@}dﬂﬁﬁ‘%?éﬁ ¥orh8d at the
-backwar d end side of'tgﬁ ggre round ohject in the direction of notion
t her edf® SHHETHEQR ¥ bBe! ?ngaﬁﬁﬁ& Rt’ﬁ?in&&ﬁq%lq}bletfhﬁ’ e lahioRaht i on
- generg{ 2 UEANS for generating area information identifying, in the imge
data, a tofeground area, a .background area, and a m xed area containing a
-~ covered. bagkgr and .uncovered, background area, wherein 'the .
~ foreground.area 1s %ﬁﬁ%% %gugg;§8jggP?rﬂﬁﬂﬁﬂé%Wbeﬂ%;g%P??ﬁE%round, from
. anong I |4 objects. LN N e datg, the background area is.
'Eﬁfﬁe{ir?%bfjge% tcs)iff %’ﬁ#%ﬁléng bhBEq LABYE 43l FPREGATI P e

'_A'forneu_ _ _ serves as a backgroun _ t he
Plurakintiedre IBEE! Sad Ni&bEL10RYS U8hBondREs! B Mk eh AR Jifi fipr med of
- '.;serves as a foreground, from among thé‘pluralitj of objects

‘of the image data contaiﬁed in the pixel data of the target

.pixel and the pixel in the'vicinityibf[the target pixel,
“and based on a second approkimatioﬁ which assumes that a.
variation in.ﬁhé miﬁture raﬁio is liﬁéaflwith'teépectrtd
‘the positioﬁ'of pixels within a mixed area where the |

" plurality of objects is mixed.

The relatipnal équation‘generatdr_méans may_genefate
ﬁhe;plurality bf equationsrbaséd‘oﬁ é first approkimation
awhich regards, as idéntical; cdmbonents of an objeét Whiéh
‘serves as a-féreground; from'among the:plufaiity-of'objeéts'
of the,imagé'&ata.éontained'in the pixel data of the target
pixel.and.the‘pixél‘in the vicihiﬁy'ofrthé‘target_pixel,
and based on'afsecond appfoximétibn which'assumeé that a
_Variatioh in the mixture ratio i# planar With-reSpeét to

,the_position'of pixels within a mixed area where the
-plﬁrality of bbjects‘is mixéd. |
‘The‘mixﬁure ratio detec#orlmeans may detect the

mixture ratio by solving the plurality of relationél



- the covered background area and the uncovered background 3 August 2005 5
. area. According to a second aspect of the invention, theﬁe u=;}(Eoégovided.an
i mage processing nmethod for processing inage data contalining a y _

_ predetermi ned nunber of pieces of pixel, each pixel haV|ng atine _

- ‘integration effect, the image processiﬁg‘nEthod conprising the steps of: a’

. background pi xel extracting step for extracting pixel data of a franme
prior to or subsequent to a target- 4rane, corresponding to a target pixe
of a target frame in the inmage data, as background pixel data of an

“t*obTECtr“ ‘which~serves—as™ a‘backgroundj“fron1anung a plurality of--objects— -

of the, t r r |er extr ng step for extracting
[ ]ﬂghgh¥§?é§tgﬁ%lig gﬁgregr %f‘% and pi xel data of a

plxel

pi xel |n g iDL 4 0 a@bgeia{egd BSE, ngpag{shﬁr?;aeqbt s o

‘rel ati onal equati on’ gener

t SSEN t, t. pixel, the
}fgrgtFgﬁiﬁ%ﬁﬁgetuee%qgﬁ%égaggggfgk?ﬁe #%%gefﬁﬁﬁkéﬁ{QSdafimﬂbuxel in the
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to the data of the target pi-xel -and the pixel vi‘cinity of the
tar gelmipotelar < drtie B Xt M egxaeplt ebﬁcbb'f]&c%‘ise& f HiadRd SHd Ul m xture
S 0 e

-‘_ratlo indicating a mxed state of The plurality o jects in t r eal
worldto a covered background area- formed at ‘the forward end srde
- of a foreground object in ‘the dlrectlon of motlon thereof
_whlle the background plxel extractor means may extract as

nthe background plxel data, the plxel data in the frame |
subsequent to the target frame when the target pixeil, in
“the mlxed area where the plurallty of obJects is mixed,
belongs to an uncovered background area formed at the.
backward end srde of the foreground object in the dlrectlon
of motlon thereof | o |

The 1mage processrng apparatus may include area '

N lnformatlon generator means for generatlng area 1nformat10n
1dent1fy1ng, in the 1mage data, a foreground -area, a |
.background area, and -a mixed area contalnlng a covered
background area and an uncovered background area, whereln
:the foreground area 1s formed of an object, which serves as
a foreground, from amonglthelplurallty of objects in the ,
image data, the background area rsiformed of an object,
which serves as a background,_from among the pluralrty of

-T,objects in the image data, and the mixed area is formed of

the covered background area and the uncovered‘backgrOund




in connection with the target pixel based on the relational equations. 3
August 2005 - 5a The relational equation generating St%ﬁu”ﬁ%2@8 erate the
plurality of equations based on a first approxinmation “eh regards, as

i dentical, components of an object which serves as a foreground, from
anong the plurality of objects 3 August 2005 of the inage data contained
in the pixel data of the target pixel and the pixel in the vicinity of the -
target pixel, and based on a second apps oxi mati on whi ch assunes that a
variation in the mxture ratio is linear with respect to the position of
pixels within a m xed area where the plurality of objects is m xed. The
rel ati onal equation generating step nay generate the plurality of equations
based dh-%Ffirst approximation which regards, as identical, conponents of
an object whjch serves as a foreground, fron1annn% Lheeglurality of objects

of the i magedSPEAdM aFRed. SEFAMHE PERECE Rt atBF AV SRE R/ pith&iT@nd t he
pixel in the vicinity of "the target pixel, and based. on a second
Boproxi Mt | SRONAFEN 28BumiEaghn; FLARETSEFEn THCPAG. nfREur BEPAERS T pl anar
with respect t the position of Bi els within a mxed area.where the

ol ural (1995P obftan: SEpBRrill SrePREEE it o PHBEER | 5 BB Sy Het ect
:the pixel, each pixel having a time integration effect, the
image processing method comprising the steps of:

a background pixel extracting step for extracting
pixel data of a frame prior to or subsequeﬁt to a target
frame, corresponding to a target pixel of a target frame
in the image data, as background pixel data of an object,
which serves as a background, from among a plurality of
bbjects of the image data, a target frame pixel
extracting step for extracting pixel datg of the target
pixel in the target frame and pixel data of a pixel in
the wvicinity of the target pixel in the target frame, a
relational equation generating step _for generating a
plurality of equations representing, in connection with
the target pixel, the relationship between the data of
the target pixel and the pixel in the vicinity of the
target pixel and the.background pixel data corresponding

" to the data of the target pixel and the pixel in the
vicinity of the target pixel, and a mixture ratio
detecting step for detecting a mixture ratio indicating a
mixed state of the plurality of objects in the real world

in connection with the target pixel based on the

relational equations.




m xture ratio by solving the plurality of relational equations. through the
| east squares nethod. The. background pi xel extracting sg p na%¥§§tract, as
the background pixel data, the pixel data in the frame gPPWﬁ the target
franme when the. target pixel, in the mixed area where the plurality of
objects is 'm xed, belongs to a covered background area fornmed at the
forward end side of a foreground object in the direction of notion
t hereof , "3 August 2005 7 whil e the background pixel extracting step may
extract, as the background pi xel da?@, ~the pixel data in the frame
subsequent to the target frame when the target pixel, in the m xed area
where the plurality of objects is mxed, belongs to an uncovered
background area formed at _the backward end side of the foreground object
in the diredtiforrebRtHBPRdN GHE PR BRSTRGENGr 6EETS i RYY mEERRE 3§

include an area _ infornati on generating step for . generating area .
i nf or netFoR WQﬂ%ﬂW¥y?%3?qq?éaﬁP?n%&@eﬁht 1 g féredr RpBrarédatgion '
background, area, and a m xed, area.containing a covered . background area and
“an unc‘%%?@d b&d nd aa'?eal,g%ﬂgf@ia ’ tﬁé’r‘gfb?%@?gﬁndogr edy sc’?%}%ﬁ of an
objec%ﬂlwh'ch serves_as géforg%rou d,§§ron1annng t.he pl ralit¥_of bj ects
in the' 'Thagd dats The HackyrduRd' ar ea ¢ 1 Bf'HE %ﬂpgﬂfgéﬁ,y ch
serves ackground, fromanong the. plurality of objects in the inmage
Biefre |

dma,% e mxed area is forned. of




.the covered background area and the uncovered background area. According-
to a third aspect of the invention, there is- provided g Sto%%ﬁg medi um-f or
'storing a conputer readable software programfor proce ae dat a
containing a .predeterm ned nunber of pieces of pixel data obtalned by an

1 mage pickup el enent having a predeterm ned nunber of 3 August 2005 - 7a

- pixels, each pixel having.a tine integration effect, the - .inage processing
- program conprising: a background pixgl-extracting step for extracting pixel
data of a frame prior to or- subsequent to a target frame, corresponding to
- target p1xe+—ef “the-target—frame-+n-the— +nage datafaas -background--pi-xet--
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- rel atigaly uAtlen, ag@smtgggrakﬁaat%ng% SLAt ngwa 1, O

-equations repr esent i ng, In conhectl on

rel at ivnshioi et #Pathd ey £l A Okatls &g;ggheawgltﬁ“%sgaet& xg] in the

vicinity of the.target pixe ground pi x€l a correspondlng

to therdaigbdiie idie o agaeémmhagd alRExBUXSohNyhBEeVigicl ty of the.
, arget pi Xel, and a mxture ratio detecting step etecting a
plurallty of objects is mixed. '
The relat10nal equation generatlng step may generate
' the plurallty of equatlons based on a first approxrmatlon
which regards, as 1dentlca1, components of an object Wthh
':.serves as a foreground from among the plurallty of objects )
of the 1mage data contalned in the plxel -data of the target
plxel and the plxel ‘in the v1crn1ty of the target plxel
o and-based.on a second approx1mat10n whlch assumes that a
uariation in the mixture ratio is planar-with respect to
the position of pixels within a mired area where the
-uplurality~of objects‘is mixed. | | | |
| The mlxture ratio detectlng step may detect the
_mlxture ratio by solving the plurallty of relatlonal
equatlons through the 1east squares method. |
- The. background plxel extractlng step may extract Vas
the background plXEI data, the pixel data in the frame -
prior to the target frame when the target plxel, in the
Ny mlxed area where the plurallty of objects lS mlxed belongs

to a covered background area formed at the forward end side

‘of ‘a foreground object~in the direction of motion thereof,




m xture ratio indicating a m xed state of the plurality of objects in the

real world in connection with the target pixel based on_the r%gﬁﬁional

equations. The rel ational equation generating step nmay aéH@Pgt he

plurality of equations' based-on a first approximtion which regards, as

i dentical, conmponents of an object which serves as a foreground, from

anong the plurality of objects of the inmage data contained in the pixel

data of the target pixel and the pixel7i-n the vicinity of the target pixel,

and based on & second approxi mati on which assunes that a variation in the.

m xture ratio is linear with respect to the position of pixels within a

m xed area_where the plurality of objects is mxed. The relational

equat i o gRethei MFciEpUnRg Bbnet acstresd pourslier ymay eGaeicéns afased on
roximati on, which regards, as identical, conponents of an
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extract,
of motion thereof.

The image processing method may inciude an area
information generating step for generating area information
identifying, in the image data, a foreground area, a
background area, and a mixed area containing a covered
background area and an uncovered background area, wherein
the foreground area is formed of an object, which serves as
a foreground, from among the plurality of objects in the
image data, the background area is formed of an object,
which serves as a background, from among the plurality of
objects in the image data, and the mixed area is formed of
the covered background area and the uncovered background
area.

According to a third aspect of the invention, there is
provided a storage medium for storing a computer readable
_sthware program for processing image data containing a
predetermined number of pieces of pixel data obtained by an

image pickup element having a predetermined number of




t he background pi xel data, the pixel data in the frane. prior to the
target frame when the target. pixel, in the mxed area er plurality
of objects is mixed, belongs to a covered background ar%gmggﬁﬁ@@gat t he
forward end side of a foreground object in the direction of notion
thereof, while the background pixel extracting may step extract, as the
background pi xel data, the pixel data in the frame subsequent-to the
target frane when the target pixel, in the m xed area where the.plurality.
of objects is nixed, belongs to am Udcovered background area formed at the
backward end side of the foreground object in the direction 3 August 2005
10 of notion thereof. The software programstored in the recordi ng nmedi um
may further_ include an area information generating step for generating
area i WGl oR2CHe?iX§indlaVing he iwHhe Iddiegratierefidiatt ar éhe a
backgrqund area, and,a m xed area containing a covered background area and
an uncPAEe P TACKST bR IPEPEE 2TWREFE - S F oreground area is forned of an

bj ect, which ' f d, f. th I 1t f obj ect
N the i mage daRGK It RERIHRERGH oG A5G TGTHEt 0T AnE O 6BY, PAAFCH
Kk d, fr th I |t f jects in th [
dat a, - SRET R ni et et 5T oot b1 SERBSAF o SbacRTURE AF8icand the
uncovered hAGkl o 868 ARSI PB:L B d Neasgeet Qldde; ) nygation

image data, as background pixel data of an object,




.there is provided an i mage  pi ckup device conpri sing: i mage pi ckup. means

-~ for outputting, ‘as image data containinng a plurality of. |ecgégﬁ pi xel
‘data, an image of an object picked up by an i mage pICk havi ng
predet erm ned number of pixels, each pixel having a tine integration -
ef fect, background pi xel extractor neans for extracting pixel data of a
frame prior to or -subsequent to a target frane, correspondi ng to a.target

. pixel of the target frame in the i#wage-data, as background pixel data of

. an object, which serves as a background, from anong a pluraIIty of objects
‘*”offrhe““rﬁHQE”data “target~framepixel—extractor —nmeans-for-—extracting-——--

I xel st t t 20 I t he t t f d I
Gara ofhnrheb0gs BROS pRcRiR) g dRh Sad' 4 drofhEEhe #R et 1r e,
: | at t +f t I lit f t
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" mxture ratio detector neans detecting a nmxture ra o

e et R 'e%“%ﬁf?ﬁébféIfS?I“%nta?eéﬁeﬁ-?ﬁ%&%@%@WFEISI‘
: equahgﬂhgﬂﬂﬁﬂﬁg(Et@@aﬂﬁﬂﬁﬁmémﬁﬁiﬁgea plurality of equations
representing, in connection With the target pixel the
relationship between the data of-the—target pixel and the
pixel in the vicinity of the target. pixel and theh
background pixel data corresponding to the data of the
Itarget pixel and the pixel in the ViCinity of the target
'pixell and a mixture ratio detecting step for detecting a
- mixture ratio indicating a mixed state of the plurality of
h“objects in the real world in-connection with the target‘
 pixel based on the relational eQuations.' |
The relational equation generating sten may generate
‘7f the plurality of eguations"based-on a firstrapproximation
:Wthh regards, as identical, components of an object which
:serves as a foreground, from among the plurality of ObjeCtS
of the image data contained in the pixel data of the target
'pixel and the- pixel in the vicinity of the target pixel,
-and based on a‘second apprOXimation which'assumes that a
variation in the‘miXture_ratio‘is linear-with respect to
f‘the position of pikels within a.mired area where the' |

plurality of objects is mixed.




the plurallty of equatlons based on a flrst apprOX|nat|on whi ¢ch regards,
as i.dentical, conponents of an. object which serves.. %gﬁforggé und, from

-anong. the. pIurallty of objects of ‘the . image:data' co t he pi xel
data of the target. pixel and the pixel ‘in the vicinity of the target
pi-xel, and based on a second approximation which assumes that a variation

- in the mxture ratio.is linear with respect to  the- p05|t|on of pixel's

- within a mxed area where the pluragity of objects is mxed. The

- relational equation generator neans nay generate the plurallty of equatlons
hased -onar st approximation: mhroh -regards, -as -i-dentical; -conponents -of -
an obj ect gﬂ{ch 3 Au ust . 2005 - serves as-a. foreground from anong t he

plurality ?ﬁﬁ%&ﬁ% OB?ltﬁg“Pﬁ&SE H&P&Qﬁiﬂﬂﬂrﬁﬁ?ﬁrﬂﬁmeg%ﬂﬁéﬁtﬁata of the

on o ety e Stk tonsabetinds A Linsk i smbom hat hebmi xare
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frame prior to e target ane when t arget piXe
- pixel and the pixel in the vicinity of the target plxel,_

and based on -a second-approx1matlon which assumes that a
varlatlon in . the mlxture ratio 1s planar with respect to:
the p051t10n of plxels w1th1n a mlxed area where the
plurality of objects lsrmrxed.

The mixture ratio detecting Steo may detect the

','mlxture ratio by solvrng ‘the plurallty of relatlonal
equatlons through the least squares method.

- The background plxel extractlng step‘may,extract, as

‘,the background;pixel-data, the pixel data in the frame
‘prior to the target frame'uhen'the targetvpixel, in the
mixed area where the plurallty of ob]ects is mixed, belongs-
to a covered background area formed at the’ forward end side
tof a foreground‘object in the direction ofgmotlon thereof,
while the backgroundfpixel_ektractinglmay step extract, as

- the background pixel data, the nixel'data in the frame
subsequent to the target frame when the target pixel, in"
fthe mixed area where ‘the plurallty of objects is mixed,

'_belongs to an uncovered background area formed at the

- backward end side of the foregroundiobject in the direction



m xed area where the plurality of objects is m xed, belongs to a covered
background area fornmed at the forward end side of a forggiguadepi ect in
the direction of notion thereof, while the background pixél extractor
means extracts, as the background pixel data, the pixel data in the frane
subsequent to the target frame when the target pixel,.in the m xed area
where the plurality of objects is m xed, belongs to an uncovered background
area forned at the backward end si-del®f-the foreground object in the
direction of'notion thereof. The inmage pickup device may' further include
area. information generator neans for generating area information 3 August

2005 --od3nbdenhi FHNL 0N the i mage data, a foreground area, a background
area, and a m xed area containing a covered. background area and an

uncovered bagk@ ospdraned pRSEehR sithedPregr ewrd AL o fisnhonme 9f an
obj ect, which serves as foreground, fromanong the plurality of objects in

the i magey delatHdie baek@iqundnareeed s ifrrdmek of oAN R &Ed £ inYhiStheser ves

as:a background, from anong the-plurality of objects in. the’i mge data,
and t hefor xgenarea ingy foreediaforida ianyet @dnkagkdrryndi ar eacandnd he
- uncovered background area. Brief Description of. the Drawings FIG 1
il Tust cettes, t he foregrpliadofatde, preseatkgpvemid oarea, and a mixed
area containing a covered background area and an
uncovered background area, wherein the foreground area is
formed of an object, which serves as a foreground, from
among the plurality of objects in the image data, the
background area is formed of an object, which serves as a
background, from among the plurality of objects in the
image data, and the mixed area is formed of the covered
background area and the uncovered background area.

According té a fourth aspect of fhe invention,
there is provided an image pickup device comprising:

image pickup means for outputting, as image data
containing a plurality of pieces of piﬁel data, an image
of an object picked up by an image pickup element having
a predetermined number of pixels, each pixel having a
time integration effect, background pixel extractor means
for extracting pixel data of a frame prior to or
subsequent to a target frame, corresponding to a target
ﬁixel of the target frame in the image data, as
-background pixel data of an object, which serves as a
background, from among a plurality of objects of the

image data, target frame pixel extractor means for

extracting pixel data of the target




FIG 2 is-a'block‘diagrah1illustratrhg t he constrgctlon gr aksysten1|n
whi ch 'the present invention is inplenented. FIG s a ocC '
fdiagranrilrustratlng.the construction of the signal pr%é€8§3?08$ FIG 2. |
FIG.. 4 is a block diagramillustrating the signal processor 12. FIG 5
il'tustrates the irmagi ng operation by a sensor. FIG 6 is a diagram o
illustrating the arrangement of pixels. FIG 7 illustrates the operation
~of a detector element. 3 August 2Q0571-~ 14 FIG 8A illustrates an i mage

- that is obtained by photographing an object corresponding to a noving .

—foreground-and-an-object- eoffespondrngfte a-st-ati-onary —backgrount—FF-G—8B-

“illustrate an inmage that is obtalned by phot ographi ng an

" obj ectP t%?fe%%gﬁg?nbatgeﬁ fﬁﬁ&@n@n@o RtghP L gh‘%h¥%ét;ncbh¢espondlng
10 a onary.b ound, FLG 9 Jdlluystrates a ac ground area; a
foregﬁgwuﬁlEXe £ gﬁ ﬁ@ﬁgﬁFeB 1xgle #ﬁ? JffPBfea, and an’

round, area, dla ran1|IIustrat|ng pi xel

val el ? &ﬁ$|ﬁ%qu?ta%?aggﬂ?rﬁtQEI@edgfel JINFLA %@ s in an i mage of

values

.the 0@ﬁﬂ¥af¥t§E%%“%ﬁ“é@loﬂstggprtg 39, in connection with the
: target pixel; the relatlonshlp between the data of the
_target pixel and the pixel in the vicinity of the-target
pixel and the - background plxel data correspondlng to the
- data of the target plxel and the plxel in the v1c1n1ty of
-the target plxel _and mixture ratio detector means forl
l'detectlng a mixture ratio indicating a mixed state of the
‘plurality of-Objects in the real world in connection with
the target plxel based on the relational equatlons;

The relatlonal equatlon generator means may generate
the plurallty of equatlons based on a first approx1mat10n
which regards, as ldentlcal, components of an object which
'serves as a foreground,‘from among the plurallty of objects

‘:of the 1mage data contalned in the pixel data of the target
pixel and the plxel in the vicinity of the target pixel, |
~and based on a second approximation which assumes‘that a
'variationrin-the-mixture'ratio is 1inear with respect to
the-position of pixels nithin a mixed area where the
plurallty of objects is mlxed.
_ ' The relatlonal equatlon generator means may generate
i the plurallty of_equatlons‘based on a first approximation

which regards, as identical, components of an object which




foregroUhd and-thefobjéct-CorreSponding;tOUfhe stationary background. .
FIG 11 is a nodel diagramillustrating the pixel values devel gped in tine

~~axis for a duration of time, which is divided and corre3fwaHs 2085shut t er

tinme. FIG 12 is a nodel dLagranliIIustrating t he pixel' val ues devel oped
inthe time axi's for the duration of. tine, "which is divided and
corresponds to the shutter tinme.” FIG 13 is a nodel diagram |IIustrat|ng
the pixel .val ues devel-oped in thelRi we axis for the duration of tineg;

- which is d|V|ded and corresponds to the shutter time. 3. August 2005 - 15

—FtG—t4-1tustrates extracted- -pi-xel-s-of -t-he foreground area;-the-background-

FI,G 15 il ust the rel at hi p bet the
i xel ST A GERERRBGRE T, PRER o, Ao L LI SheRP 19 The 1 e

TR T Sl vod O R SR 1B L A
t hytst t d |l ust.rat | | -
dovel GG e eiig b1 ! Ende B HhA0LATE ord Y By A i vl ded

- and CIE RS dip é%@%{l ép%eve patib « ?ﬁes a%sm?nde":o,' ti ram

~"illustrating the pi ope tinme axi s %r & he duratlon

gOf tlﬁ&rﬂ&ﬂﬁdﬁ'fh(HH@(Eik@@PeCPQtﬁépQQdﬁlaﬁaEh%liﬂuEEE%écﬂnto

the position of. pixels w1th1n a mixed area where the
.plurallty of objects is mixed.
| The mlxture ratlo detector means may- detect the
mlxture ratlo by solv1ng the plurallty of relatlonal
equatlons through the least squares method.
5 The background-plxel extractor means may ektract, as
the background plxel data, the pixel data Ain. the frame.
.prlor to the target frame when the target plxel, in the
-'mlxed area where the plurallty of objects is mlxed, belongs
'to a covered background area formed at the forward end side
-of a foreground object 1n the dlrectlon of motlon thereof
‘{ whlle the background pixel extractor means extracts, as the
”background plxel data, the plxel data in the frame |
subsequent to the target frame when the target pixel, in
'_the mixed area where the plurallty of objects is mlxed,
belongs to an uncovered background area formed at the
' backward end side of the foreground object in the direction
of motlon thereof. | |
The image prckup device may further include area

information generator means for generating area information




- FIG. 19 is ‘a-model diagram illustrating the pixel values developed in the
~time ‘axis for t he duratlon of time, which is divided and corresponds to the
“.shutter time.  FIG. 20 is a nodel diagramillustrating? fH8U522 val ues
“‘déveloped in the time axis for the duration of time, which is divided and
corresponds to the shutter tinme. FIG 21 is a fIOM/dlagran1|IIustrat|ng t he
process of -, adjusting the amount of notion blur. FIG 22 is a block dlagram
iIIustrating the construction of -an3area: detefminer 103. FIG 23
iltustrates an i-mage of a noving object as the 3 August 2005 - 16
f~—%0FegFeuﬂdm“_FF€f~24-+e~a -redel- d+agFan1+l+ust{ating t-he -pi xel -val- ues--

develo or. a durati of, time, which is-divided and corresponds to
shutte %éfyﬁngrnéna e image ﬂ?qqgz?rﬁ%ﬁﬁgtﬁ%@ﬁaﬁ¥?¥tu§tratlng t he

e LSO S Ul SRl e 5
or 1 Rk EahRE REXS! ol S RelBYRL B Rl M B Sehgel e 8155 0"
| -'-'zia'A“.sTTT-‘S%f?%f%@gbﬁ*é&Pégéﬁfégoﬁ’gﬁ%@%@i R e T F Bve tE'eGar eg

' deterrﬂrEﬁrégﬁgﬁnd from among the plurallty of objects in the
| lmage data, the background area is formed of an object
-,whlch serves as a background from- among the. plurallty of
r'frobjects ‘in the lmage data,,and the mlxed area is formed of

" the covered background area and the,uncovered background

' area.

Brief Descriptionrofnthe Drawings
| FIG. 1 illnstrates the principle of the present
'invention.' - o | | | ' |
FIG. 2 is a'block diagram illustrating-the
.constructlon of a system in Wthh the present 1nventlon is
'1mp1emented
FIG. 3715 a block diagram.illustrating;the”
l7oonstrnction of the siQnal prooessor of FIG. 2.
FIG. 4 is a block dlagram 1llustrat1ng the SLgnal
i‘processor 12.
FIG 5 111ustrates the 1mag1ng operatlon by a sensor.
FIG. 6 is aldlagram.lllustratlng ‘the arrangement of
pixels. | | | |

FIG. 7 illustrates the operation of a_detector element.




FIG 28B.illustrates. the results of the area determ nation. provi ded by
the area determiner 103. FIG 28C, illustrates. the results of the area
.determ nation. provided by the area determiner 103, FIC? Aggyst 20P%st r at es
the results of the. area determ nation provided by the area determ ner 103. "
"FIG 29 illustrates the results of the area deternination provided by the
area determiner 103. FIG 30 is a flow diagramillustrating the process of
the area determination.. FIG 31 Lsjg block diagramillustrating another 3

- ‘August 2005 - 17 constructlon of the area determner 103. FIG-.32 is a

——nodeL_-d+ag#ahn+14tsnxénthﬁthevplxel.ruaLues devel oped-in-tine. axis for a .
' duration of_time, which is divided and corresponds to shutter tinme. FIG 33
i 11 ust rat ed t%e Sahblesb¥atepadRgiBafg thage 1sFoBtadasds by bl ock di agram

| illustratin construction of a binary object inmage extractor 302. FI G
- 354 i B ‘%%Eaé‘“rfbﬁv A0 OPJEFht FORTGEPABAISIC AP @ AOYANF| G . 35B

|IIusH{ates how. t he.correl-ati on value is calculated. FIG 36A illustrates

- How t he q%ﬁ|?ﬁgv%?u%b3%cEaFEEFQFBanleHGFOSGBSﬂqqkﬂﬂ@&WES ‘how the
. correl %tdk%&o‘{ﬁ{&‘e is '

—FIG 8B 111ustrates a model of an 1mage that is
' obtalned by photographlng an ob]ect correspondlng to a
',mov1ng foreground and an object. correspondlng to a
.‘statlonary background.

FIG. 9 1llustrates a'background area, a foreground
-aree, a mixed area, a covered background aree;-andlan

" uncovered. background area. | | |

FIG. 10 is a model diagram rllustratlng plxel values
‘of a 11ne of adjacent plxels developed in time axis in an
1mage of the ob]ect correspondlng to the statlonary
foreground and the ob]ect correspondlng to the statlonary
background.,

. FIG. 11 is a model diagram lllustratlng the plxel
values developed in time axis for a duratlon of tlme, which
is lelded and corresponds to shutter time.

FIG.‘12 is a model dlagram 1llustrat1ng the plxel
-values developed in the tlme axis for the duration of tlme,

erh;ch is lelded-and corresponds to the shutter time.

FIG 13 is a model dlagram 111ustrat1ng the plxel-.

ivalues developed in the time axis for the duration of time,

Wthh is lelded and corresponds to the shutter time.




calculated. FIG 37 illustrates a binary object inmage. -FIG 38 is a block -

diagramillustrati hg the -construction of a chronol ogical change detector E
.303. FIG .39 illustrates the determnination process of anA4pust 48P er ni ner ;
342. FIG 40 illustrates the determination process of the chronological

- change detector 303. FIG 41 is .a flowdiagramillustrating the .area
determ nation process of the area determner. 103." 'FIG 42 is a f1 ow N
“diagramillustrating the area 3 Augusyt 2005 - 18 determi nation process in
-detail. FIG 43 is a block diagramillustrating yet anot her . construction
~—ef—t-he—ar-ea—deternmi-ner—103.—-F-G - 44 is. a-block- dpagranx+$lustraL4ngeLhe{_mm.
constructio stizer 361. FIG 45 i]llustrates a notion conpensation
of a nDtlonPI§0n€3 EEBP §8fesFﬁ§tQﬂ§qqqlR&%%&%SOQ‘h@?l@ﬁrEGWﬁEﬁéatlon of .

the . tor 381. FIG_47 is a flow diagramil:lustrating the
arga %e$218 03958893 2rge A e 1R R B an1|IIustrat|ng a

‘ robustizatipp; plgceffusgrg%eglthe relationship between the

plxels and the model in Wthh the plX81 values are
developed in the time axis. _

FIG. 16 is a model diagram.illustrating the pixell
‘values. developed in time axis for a duration of tlme, whlch

..1s divided and corresponds to shutter time.

_FIG. 17 is a model dlagram lllustratlng the pixel
values developed in the. tlme ax1s for the duratlon of. tlme,
Wthh is d1v1ded and corresponds to the shutter time.

FIG. 18 is a model dlagram lllustratlng the plxel

‘values developed in the. tlme axis - for the duratlon of tlme,
Wthh 1s d1v1ded and corresponds to the shutter time.

FIG. 19 1s a model diagram’ lllustratlng the plxel
-values developed in the time axis for the duratlon of time,
Wthh is divided and corresponds to the shutter tlme.

| FIG. 20 is a model diagram lllustratlng the pixel
'values developed in the ‘time axis for the duration .of time,
“which lS ‘divided and corresponds to the shutter tlme.

FIG. 21 1s a flow diagram 1llustrat1ng the process of
uadjustlng the amount of motion blur.

FIG._22 is a block dlagram lllustratlng the

| constructlon of an area determlner 103.

FIG. 23 illustrates an image of a_moving object as the




“FIG 49 is a block dlagran1lllustrat|ng the construction of a mxture
~ratio calculator 104. FIG 50 illustrates an ideal mxtyre rﬂ%%g a. FIG 51
~"is. a nodel dlagran1illustrating pi xel val ues devel oped Augy! Xis for a
duration of tinme, which is divided and corresponds to shutter time.. FIG.
52 is a nodel dlagran1lllustrat|ng pi xel val ues devel oped in time aX|s for
the duration of -time, which is divided and corresponds to the shutter -
- tine. FIG 53 illustrates a straightiel i-ne approximating the mxture ratio
~a. FIG 54 illustrates a plane approxi mating the m xture 3 August 2005 - 19

—Tati-o—a-—Ft G55 s—a “di-agram-itlust Fat-i-ng -t he correspondence - of . pi-xels —
anong y of frames in the calculation of the mxture ratio Q
FI G 'S Hidtk diagramillustrating an estinated m xture ratio

| PL???SEF oMy A Fao'va'“%éf%% GhBr s TR G - 1 T BF br ocess o the
Sm Xt urvedlrlpég Vet opad fér Fheyag4agr ap Itlllmues,t rqlt J{shedﬂri(dur ©
ahd corresponds to shutter timeé ih time axis.‘
FIG. 25 is a model dlagram 1llustrat1ng the plxel
) - values developed 1n the tlme axrs for the duratlon of tlme,
which is d1v1ded and corresponds to the shutter time.
FIG. 26 is a model dlagram 1llustrat1ng the plxel
'values developed in the tlme axis for the duratlon of tlme,}
whlch is lelded and corresponds to the shutter tlme.
FIG. 27 1llustrates condltlons under which area |
;_determlnatlon 1s performed.
| ; FIG. 28Arlllustrates the results of'the area .
determinatlon-provided by the erea determiher'103.
FIG.l2BB.illustretes.the.results:of the area
determinetionrprovided-by.the area determiner 103.
FIG: 28C‘illustrates‘the resultsrof the area
determihationlprOVided by the area determlner 103.
FIG. 28D illustrates the results of the area.
"determination provided by the area determlner 103.
FIG. 29 1llustrates the results of the area
-determlnatloh prov1ded by the area determiner 103.
| FIG. 30 is a flow diagram‘illustrating the process of
lthe‘erea determinstion.' | | |

FIG. 31 is a block diagram'illustratihg another




ratio estimation process in a nodel correspondrng to the covered
- background area' FIG 60 is a block dragranrrllustratrn ne gﬁﬁgple of -

-foreground 'and background separator 105. FIG 6l1A is a ﬁ?

‘rIIustratrng an input imge, a foreground conponent inmage, and ‘a background
conponent- inmage. FIG 61B is a diagramillustrating a nodel of. an input

i mmge, a foreground inage, and a background inmage.' FIG 62 is a nodel
“diagramillustrating the pixel valyggs_developed in tinme axis for a
duration -of time, which is divided and:-corresponds to shutter tinme. FIG

———63—+s 8- node#—dragranq+4Lustratrng -t-he-pi-xel....val-ues..devel oped-in the_Line“
axis-for the duration of r- 2 0 which is divided and corresponds

| _the:ﬂﬁRQ%ﬁrQ?F&Pn ?iC?h%4aF§aadﬁ58émlaﬁ&gﬂ&@r|IIustratrng the. pixel -
i aed and 887 A 310%265 RodEr 1 Snbamer 1Tnatt i e 5N ook di ag
_ gram
1 Y, AR %ﬁmsi‘éﬁ%”% BF 8 Supatdciy Gioredioutth ohponent
ngggr oétjIrﬁvcjéoﬁsrrerl?loInaznncijl crcgrrlg)gée& %ug%rab g‘q-FFoﬁéragglrgmofr I 3st ?gltoﬂrgt tege :
-separatronFﬂ§0@@§%Jg §€F§{é¥€%ﬂ8uggaﬂﬂﬁet3% ba%k%&%%%%nd image.
- FIG. 34 is a block dlagram 111ustrat1ng the
‘ constructlon of a binary object image extractor 302,
_ FIG 35A 111ustrates how a correlatlon value is
calculated.
FIG. 35B iilustrates how the-correlation value is
" calculated. | | |
'FIG. 36A lllustrates how the correlatlon value is
.calculated |
FIG 36B 1llustrates how the correlatlon value is
‘calculated.
_FIG. 37'illuSt£ates a binary object image.
| FIG. 38 is a biock-diagram iilustratidg'the
fconStruction of a chronologlcal change detector 303.
| FIG.‘39 1llustrates the determlnatlon process of an
_area decerminer 342. | | | -
FIG; 40 iilusffates che determination process of the
chronological chaﬁge detectof:303. |
Fié..41‘is_a flow'diagram illustrating che‘area.
determination process of the area determiner 103.

FIG. 42 is a flow diagram illustrating the‘area




;:FIG. 68 is a bl ock dragranrrllustratrng one exanple of a notron bl ur-
-adj uster . 106. FIG 69 illustrates a unit of processing 2§§ is a. -
.tnodeI‘dlagranrlllustratrng the pixel. val ues devel oped |%APQW% Ps for a
duration of tinme, which 'is divided and corresponds to shutter tine. FIG
71 is a nodel dragranrrllustratrng the pixel val ues developed inthe time
“axis -for the duration of time, whichis divided and corresponds to the
shutter tine. FIG 72. is a nodek dmagranrlllustratlng the pixel values
-~ devel oped in the time axis for the duration of tine, which i-s divided and
——correspondsAfoftne—srwerfﬁw%44ﬂ}~vF+G%—73—+s -a-hodel--di-agram-i-Hlustrating -
t he 1% st 2005 - 21 .valu evel oped in the tine axis for the
'rduraflon o%mfgggloﬂhpfﬂcegsdﬁylg % d corresponds to the shutter tine.

- FIG 74 I ti th tructio of -t he notion. bl ur

- -adj ust erI > ﬁG&I a]?%a{%/Sér §ﬁ:c? agglré S %%t‘ﬁr"g‘ﬁ | r?é‘%‘d}eurst ment .

- for noti on qur contained in a
.Po?ggﬁéﬂﬂ%t%gﬁ%%%QIQﬁ phgragg% ﬁgggrﬁgg bIo?K dlagranrlllustratlng yet

- another consid uct4 ofs of §6cR0kEQRrBIUE 130kSLRN (408, FI G 77 is a nodel
.. diagramillustrating a nog ? mﬁ ﬁ esrgna?es a correspondence bet ween
-the. pudeiswﬂeeeewfteer@eﬁeeﬁleakswﬁ the foreground. |

_FIG. 45 lllustrates e‘motlon compensatlon of-e motion
compensator 381. | | |
- FIG.‘46—illustrates e'ﬁotion compedsation‘of the
:motion cdmpensetor 381.-.

|  FIG. 47 is a flow dlagram 1llustratlng the area
-_determlnatlon process.
FIG. 48 is a flow dlagram 1llustratlng a robustlzatlon.r
'process in detall.
| FIG. 49 is a block dlagram 1llustrat1ng the
constructlon of a mlxture ratio calculator 104.
FIG._50 lllustrates an ideal mlxture ratio a.

- FIG. 51 is a model;diegrem-illustrating pixel values
developed in time axis for a duration of tlme, Wthh is p
lelded and corresponds to shutter time.

‘FIG. 52 is a model dlagram 1llustrat1ng pixel values j
'developed in tlme axis for the duratlon of tlme, Wthh is
‘-d1v1ded and corresponds to the shutter time.

| FIG 53 111ustrates a stralght llne approxrmatlng the

mlxture ratio a.

FIG. 54 illustratee a plane approximating the‘mixture'




| fforeground FIG 81 is a block dlagranllllustratlng a function

FiG 78 |Ilustrates the cal culation of the. foreground conponent FIG 79

ciillustrates the calculation of the foreground conmponent " =§?0@£ |s a -
--fIOM/dlagran1|IIustratlng a renoval process of the- mot | DAYS th

configuration of a signhal processor 12. FIG 82 is a dlagran1|IIustrat|ng
the construction of --a synthesizer 1001. FIG. 83 is a block diagram .
|Ilustrat|ng anot her -function configgration of the signal processor 12.

~ FIG 84 is a block diagramillustrating the. 3 August 2005. 22 construction
- ..of-.a-m-xture ratio caleculator-1101.-FI.G..-85-is a- -bl-ock--di-agram-i-l.L ust-rating.
a . foreground and background separator 1102. FIG 86 is a bl ock: diagram

i1l us i%hd*yet another function conflguratlon of the signal processor 12.

FIG 87 ill tes, the nstruct n of 'a synthesizer 1201. Best Mode for
Carrying o ’hgﬁ nverft | G F & ﬁ ?EE?F&P@St?ﬁeCBFFﬁ§PBPQedFethe pr esent
,lnventl N.. shown sor. 2. obt s a first gna whi ch cont ai ns
|nforn§?P A? m§99ﬂ3uft uf%ﬁft%o?gd?ﬁamﬁﬁvFﬂgtgﬁa€élgﬁdaFFﬁ€ &s, and is

'Qrgantﬁgqukﬂgy rd@%% .
FIG. 56 15 a-block dlagram 1llustrat1ng an estlmated

mlxture ratio processor 401.

-FIG‘-57rlllustratee an example of an estimated mixture

ratlo
7 FIG. 58 is a flow dlagram 111ustrat1ng a calculatlon ,
process of the mlxture ratlo.

FIG. 59 is a flow diagram 1llustrat1ng the mlxture

. ratio‘estlmatlon process in a model correspondlng to the'
covered:background area. ‘
FIG. 60 1s a block dlagram 1llustrat1ng one example of
a foreground and background separator 105.
FIG. 61A is a diagram lllustratlng an input image, a
-,foreground component image, and a:background component
image.' | R
; FIG. 61B is a dlagram 1llustrat1ng a model of an input
lmage, a foreground 1mage, and a background image.
FIG. 62 is a model dlagram illustrating the plxel
values developed in tlme ax1s for a duratlon of tlme, Wthh
.1s div1ded and corresponds to shutter time. |
FIG. 63 is-a model diagram 1llustrat1ng the pixel

values developed in the time axis for the duration of time,



| det ect ed signal, . nanely, the data 3 obtained by t he sensor 2,

world 1 into tinme space which is lower in dinensions t

is-information mhlch i s obtained by.projecting the inf rnatl f the real
QUSL&QPQO]‘ t he

“real” world. The. information obtained as a result of prolectlon suffers-

from di stortion i-nvolved in the projection. In other.mords the .data 3
- output -fromthe sensor 2' is distorted with respect .to the infornatlon,
- 0f the real world 1. Although the_dapa- 3. contains the distortion, it also-

cont ai ns nmeani ngful Information to be used for correction of the

-g-st-ortton—-n- accerdance wi-t-h-t-he -present-i-nventi-on,—a-si-gnal_processor -
4 proc sse& t he, dat § t fromthe sensor 2,' 23 Using the nmeaningful
i nfor ?h%l%%§ﬁ B oEBEEEFPANHFoEEs S i tdertta Tolput from t he.

‘sensor t eb renDV|n ucin adjusting the distortion. FIG 2
is a blocklgﬁggﬁ% |?Iﬂ§@?;t ﬁﬁgfgﬂ &iﬁ?ﬁFﬁ@ﬁ%ﬂg thst pigat gnal processor

f th ti 11 f d of de f :
2xanpﬁfea°fféseﬁe‘fé¥e” *Po FuBcRIRR AR LG e TR %waaaﬁ'todﬁ?%é’?m”ﬁﬁ%m ai ned
Th I 12 f d of.
a Lg?§§HH?{?8%3% er, g%“@i%ﬁ%?égp §§e§8g§%| %@ & Ocﬁﬁiﬁé fronfthgrggnsgr

11, adj ust sedhe ggt qg“ﬂ%ﬁé?%ééﬁgm {fiH££¥3?lL%?§b%2? ectl n.of the

~ data, identifies the area

e neani ng ded in.

the dae IYMAINRPIGE o514 G0aScRESEETT,  extracts the nmeani ngful B

'|nfornaI|on fromthe area, an

FIG. 66A is a dlagram lllustratlng an example of a
.separated foreground component 1mage.
FIG. 66B is a dlagram 1llustrat1ng an example of a
separated background component 1mage.
FIG. 67 is a flow dlagram 1llustrat1ng the separatlon
. process of the foreground and the background
FIG. 68 is a block diagram 1llustrat1ng one example of
a motlon blur adjuster 106.
FIG. 69 1llustrates a unit of nroceSSLng
| FIG. 70 1s a model dlagram lllustratlng the pixel
values developed 1n.t1me axis for a duration of time, which
is divided'and corresponds to shutter time.
FIG. 71 ie_a model dlagramAillustrating the pixel
Values deve10ped in the time axis for the duration,of time,
'which is'divided and corre5ponds to the shutter time. |
FIG 72 is a model diagram 1llustrat1ng the pixel
values developed in the tlme axis . for the duratlon of time,
lWthh is divided and corresponds to the shutter trme-

FIG. 73 is a model diagram illustrating the pixel




processes the input data based on the EXtraCted_neaningful Jinformation.
The neani ngful information refers-to.a' mxture ratio Eﬁ %% gater for
-‘exanple. The-information indicating, the area which con alns the neanlngful
_~information embedded through the. projection is also. considered as
~meani ngful information. Area -|nfornat|on to be discussed l'ater is thus

the-. meani ngful ~information. The area that contains the meani ngful
information i's a 3 August 2005 2.4 Rilxed area to be -discussed |ater, for
exanpl e. The signal processor 12 is constructed as illustrated in FIG. 3.

';“—CPU“tCEﬁrrat“Prucessrng_Unrty“Zi executgs “a varietz;oZ“E;FceSSﬁzfy;uzz or.%
daNGEes re.p ea

:ccg[ or age %Mn(?(%v%géﬁ&% %ﬁ E?%a%gﬁlm Eccggssé m)ry) l%%a %%?I;E%ycgt?z\?r et I

: t a

D) 00, AL GIEXE W B0 Rt DR B 24 POAGIRGR, T SHRRNAEY L, T e 24 The

PU 21 is sauectedid o aliagPsh BNGuUEREL NbeIAGE Zdd,anal dpe bus 24.

Al so connected to the .input and output: ace are an 1nput unit 26
such as tmd«mdﬂxﬁﬂibrnfn&a S@éralnscrophone and an output unit 27 such

~as .a display or a |oudspeaker. The CPU 21 executes a.variety of processes
in responSE‘l‘m a'scqmmotldwuiuégﬁﬂm 1llustrat1ng the ad]ustment
- process of the motlon blur ad]uster 106 for a motlon blur
_contained in a-foreground component image. |
FIG.'76‘rs a block diagrémriilustratinq yet another  |
cbnétrpctibn'of the motion blur adjusrer 106.
FIG.'?? is a mOdel-diaéram illustrating a quel,which
designates a' correspondence betweeﬁ'the‘pixel values and
the components of the foreground;,  | e
fIG, 78 illﬁstrétes the calculation of thé.foreground
cémﬁonent, - : ‘
FIG.'?QIillusrrétes the'calculation'of thé foréground
‘qomponent. _ | |
| - FIG. Bqlis a flow diagraﬁ-illustrating a rembval
' process of the'motion blur in the fﬁréground
FIG. 81 is a block dlagram lllustratlng a functlon
conflguratlon of a 51gnal processor 12.7.
| FIG 82 is a dlagram 1llustrat1ng the construction of
a synthe51zer 1001.
FIG. 83 is a block diagrém illustrating‘anqther
rfunction éonfigurarion of the signal processor 12.

FIG. 84 is a block diagram illustrating the




‘the |nput unit 26 The CPU 21 outputs an |nage v0|ce etc. :obtained as a
resul t of t he processes to the output unit 27. The stor

“unit-28," connected to the input and.output .interface %gugw§2085hard dISk
and stores the program executed by the CPU 21 and a.diversity of pieces of.

data. A communi.cation unit 29 comruni cates wi'th an external apparatus

through the Internet or other networks. In this case, the. communi cati on
unit 29 works as a capturing unit- 28 -capturing the output fromthe sensor.
11. A software program nay be obtai ned t-hrough the 3 August 2005 - 25

——comuni-cati on unit -29—and-may—be-stored-in-the -storage-tni-t--—28:-Wien-a -

2 manar o CEREPERRTo L at ikt LR N S0 SHAFPT PO R 50 ey B

Sem conducteyc, TEFOLY §hy1LbR a%ag«;aao 4&'11%9& %geeawf&f@%ge jum t her eby -

-acquiring a. sof t war e program an he soft progra data are

‘transhﬁﬁieghéﬁhfg@ngtgé ggaggk as’  necessary. The signal processor is
-specifically discussed bel ow % ‘identifies fromthe data fromthe -

Sensor . an. @Erea gheLs éh@l@@ﬁﬂanﬂ phmi 97 9LERELAQA o %Hﬁﬂﬂz And extracts
t he enbedded meani ngf ul |nfornat|%n In the dlscuéilon ?olloms a CCD_

l.i ne densoriox ébﬁflb@i@ﬁl@ﬁnﬁﬂrtheCQﬁQQERO@Q%C%%ste]E?nsor the area
information and the . :
‘ - FIG. 87 111ustrates the constructlon of a syntheSLZer_

' 1201.

xBest:Mode for Carrying out the Invention
| FIG. 1 1llustrates the principle of the present
invention as shown, a sensor 2 obtalns a first signal
Wthh contains 1nformatlon concernlng the real world 1
AhaVLng space and time axis, and is organlzed in data. The
detected signal, namely, the data 3 obtalned by the sensor'
..2,_1s }nformatlon which is obtained by;prOJectlng the
information-of'the:real world 1 into time space which is
lower in dimensions than‘that-of the real world. The.
information obtained as a result of pro;ectlon suffers from
dlstortlon 1nvolved in the pro;ectlon. In other words, the
. data 3 output from the sensor 2 is dlstorted with respect
:to the 1nformatlon of the real world 1. Although the data
3 contalns the dlstortlon, it also contains meaningful,
information to be used for‘correction'of‘the distortion.
'sInVacCOrdance with -the present invention, a ‘signal

' processor 4 processes the_data_outputxfrom'the sensor 2,




nikthe'ratio' ' correspond to the neanihngI'intornation; and a mxture
'-of a foreground and-a background and a notion bl ur cor??ﬁggﬂd bg t he
“distortion in a mxed area. FIG 4 .is a block diagrami trating the-

signal . processor- 12. Wether each function of the signal processor 12 is
carried out in hardware or in software is not i nportant. Each blook
- diagramin this description may be considered as a block diagramin
‘hardware or a'functional block diagdm-in sof tware. _ 3 August 2005 . 26
The notion blur here refers to a distortion, contained in-an inage
;*_co?Tesp*ﬁd*ng'To """ a“ﬁDVTﬁg'obyect““and'oaused*by the—movement—of-the -object -

in thethsaéby%keraeteﬁ "Eﬁ@eﬂlea?ﬁ‘ilwte |nve |on figachaf acteristics of the

sensor n the description o an i mage corresponding to

an object imsifig tRal muehkHqEA1DE nirdRARE iich, “% g;sﬁaq[ gé% i Ogb%fcglgf obj ect.

An input image, fed to the Signal  processor

extract gprdddsses eneaddehesipat ¥3m Qshems@rfgc?r rAl e L&hFul ator 104,
and a foreground and background separator 105, The object extractor 101

- roughinemxtimg) sreduciBge o0bhagtseanueTPeNiRG Jrd &h Ob) ect of a
foreground contained ,in the, input inmage, and feeds the extracted |nage
obj ect' to zf'mlbmsjea e@lmkl@:?ag'ﬂaﬁ Q!Dﬂ.astrathh@CH:(Ne 101 det ects

_ constructlon of a 51gnal processor of the present lnventlon.,
n.-A sensor 11 1s formed of a v1deo camera, for example, and
rtakes plcture of the real world, and outputs the obtalned
‘image data to a. 51gnal processor 12 The 51gnal processor
- 12 is formed of a- personal computer, ‘for example, processes
" the data 1nput from the ‘Sensor 11, ad]usts the amount” of

' dlstortlon resultlng from the prOJectlon of the data,'
identifies the area where the meaningful 1nformatlon
'_embedded in the data through the prOJectlon is present
extracts the meanlngful 1nformatlon from the area, and
processes the input . data based on the extracted meanlngful
1nformatlon. | |
‘The meaningful informatron refers to a mixture ratio
“discussed later, for.example.
The'ioformation indicating the area which contains the
R meanlngful lnformatlon embedded through the. prOJectlon is
‘also con31dered as meanlngful information. Area
‘1nformatlon to be discussed later 1s thus the. meanlngful
"1nformatlon

The area that contains the meaningful information is a




‘the outline of the i mage obj ect corresponding to the object of the _
foreground. contained in the input inmage, t her eby r0“9§|ég&§bbﬁgt'ng t he
“i.mage object corresponding to the object of the foregroun bj ect
~extractor 101 .roughly extracts an inage object corresponding to an obj ect
of a background contained in the input image, and feeds the extracted
i mage object to a.notion detector 102. The_object. extractor 101 roughly
‘extracts the inage object correspendiéng to the object of the background,
fromthe difference between the .input-imge 3 August 2005 - 27 and the
”*”Tnage_obrect “corresponding-to-the—extracted obrect~m{ﬁ—+*m%fereground ~The---

b d t
 Theom BN B L R RS ERY ﬁﬁ%%ﬁ%gb“e L“‘ %ﬁreejp;dnggtp;hthg °
N e _differen
gggﬁgﬁoaad store%iln éggpl% %éﬁg}EbangPBEﬁﬁ ﬁ%ﬁ%r?s ﬂg i mage.
Usi ng jthe-fy ock: W%ﬁ}’ll ﬁr@fgi)d ggsgﬁigdl % Heég;)ee&e hase correl at! on

met hod, or the pal ‘rec 5|ve ne E3ca|cu|ates 'a

St o s g O A o
- the. mattioeieddl iy aa(iidﬂﬁt(ﬁiea]c@%ﬂ‘iﬁ hMéﬂSrf?l syl gt-ed gt YAe unit 28.
A RAM (Random Access Memory) 23 stores software programs‘
‘ executed by the CPU 21 andAdata as;necessary.- The CPU 21,
the ROM 22, and the_RAﬁ 23 are interconnected'to each other
ff throuch a bus 24.7 | :
o The CPU élris'conuected to an input and output
| interface'25 through’the Bus 24. Also connected to the
“input and output 1nterface 25 are an 1nput unlt 26 such as
~a keyboard, a mouse, or a mlcrophone, and an output unit 27
'such as- a. dlSplay or ‘a 10udspeaker.' The CPU 21 executes a
‘v1var1ety of processes in response to a command lnput from
the lnput unlt 26. The CrU 21 outputs an image, voice, etc.
fobtarned as a result of the proéesses to;the output unit 27.
The storage unit;ZSi:connected_to the'input ahd_output
interface.25, is a hard.disk} and'stores-the program
executed by the CPU 21 and a_diversity of pieces of data.
A communication unit 29 commuuicates with an external
‘apparatus through the Internet or‘other networks. In this
-case, the communlcatlon unlt 29 works as a- capturlng unit

for capturing the output from the sensor 11. -

A software program may be'obtarned.through the




vector and t he p05|t|on |nfornat|on of the notion vectorr (the information
- that identifies the position of a pixel corresponding # é%% |on
‘vector). -The notion vector output fromthe notion detec or % cont ai ns

i nformation corresponding to the amount of novenent v. . For exanple, the
nmoti on detector 102. supplies the notion blur adjuster 106 with-the-notion
‘vector for each image object together with the pixel position information
i dentifying the pixel of the inage 8bject. The anmount of novenent v '
“indicates a variation in the 3. August 2005 - 28 position of the i mge

correspondi ngto the moving objectin-units-of- prxet*spacnng- —For—exanple, -
when i8S eoh nj £0h §CLnGORGGSBANdLBg ! 9,1 1 d YieaLound, roves and

appears spaced apart by Tour 'pi xefs on a Aext r amne- ke ?%sp tto the
‘origing, position in-one. glven_frane, t he. amount of novenent v of the

- i mage of the object corresponding to the foreground is referred to. as 4.

The  obj ect whiehl 2011 13 BN AR BBEHOPo I8hECE Abul02 naP bR cRgGessary when
the . nDtlon bl ur amount is adjusted in 'response-to fhe noving object. The

area dettenrfaey 7903 HetEsAae&SwIBhch RAgnet ithaiskokegr A AR the
‘background area, "and the mxed area each pi xel of the input inmage is

.| ocat dd sikn523n¢dh. mtm;néemtsuémta_esm 538 yrerrat keméabeuieier 104, the
~foreground and

memory 54, the drlve 30 drives the recordlng medlum thereby
: gcqulrlng a software program and data.r The software

program and data are transferred to the storage unit 28 as

necessary. a |

| The sidnalrprocessor.is‘specifiCally discusSed‘below

which'identifies from'the data‘froﬁ the sensor an ‘area
-,where the meanlngful 1nformatlon 1s embedded, and extracts
rthe embedded meanlngful 1nformatlon In the. dlSCuSSlon
Vthat follows, a CCD line sensor or a CCD area Sensor
"corresponds to the sensor, the area 1nformatlon and the
_mlxture ratlo correspond to the meanlngful 1nformatlon, and

a mixture of a foreground and a background and a motion
~blur correspond to the dlStOrthﬂ in a mixed area.

| FIG. 4 is a ‘block dlagram 1llustrat1ng the signal

processor 12. | |

_Whether each function-or the signal processor 12 is

carried out in‘hardware or inrsoftware‘rslnot important.

Each block diagram in this description;may be considered asl
a block diagram in hardware or a functional block'diagram

in software.




‘background separator 105, .and the notion bl ur adester 106, information

“concerning which area each pi-xel of the input inmage belongs to
‘(hereinafter referred to as-area information). Based ofh”tfestiZRBat |nage

and the area information. supplied from the area deterniner 103, the
"mxture ratio calculator 104 calculates a ratio of m xing of each pixel
-contained in a mxed area 63 (hereinafter referred to as.a mxture ratio
.a), and-then. feeds the cal cul ated miexture ratio to the f oreground-and
" background separator -105. .As wll be discussed |ater using equation (3)
“—therw?r"Augusi— 2665*4}"9— —fxture-ratio-a-represents-a-rati-o-of-i-rmage -

t I di th back d I
ner o na t er i E0F o, t%fagvﬁ%écﬁs%%ﬁfﬁipc%ﬂr#pgﬂia%rtfcsasiép%%ﬁ%d ea
f det 103 th t t
suppl | o 75 GERRe S8 EEORbRUTNE" B8 suﬁ‘g%g?%im%afmgq%ﬁﬁé gt e
* backgraydtho AGREKA! GF Q3 asggaet Bk YR B S B o

an i mage conponent only correspon |ng tot

(al soaeemfrﬁ?meéﬁ atPefst 1601 8¢ upd cqmgnert) - and a + backgr ound

- . conponent i mage ormred o ground conponent onl'y fromthe image,
and  f eeds.1rf hthd QUAHOUNL SRTBLNERE | HPER LB, NS Mg bl ur adj uster - 106

and the selector 107. It is- contenplated that 'the sSeparated f-or eground
-“conpommttre@drrceratgect@%ra df;lbj'@ét in the real world to be imaged
is referred to as an. 1mage object
An 1nput 1mage, fed to the 81gnal processor 12 goeed
to an object extractor 101, an area determlner 103, a
-mlxture ratlo calculator 104, and a foreground and
'background separator 105.
" The object extractor 101 roughly extracts an 1mage
object correspondlng to ‘an object of a foreground contained
‘in the 1nput 1mage,'and feeds the extracted 1mage object to
a motlon detector 102.' ‘The object extractor 101 detects
the outllne of the image object correspondlng to the ob]ect
| of the foreground contained in the input 1mage, thereby
~roughly extractlng the 1mage object correspondlng to the
object ofatbe foreground. |
| Tbe object ektractor.ldl roughlyfextracts an-image
object correspondlng to an object of a background contained
.1n the lnput ‘image, and feeds the extracted 1mage ob]ect to
a.motlon detector 102. The object'extractor 101 roughly

'_extracts the image object corresponding to the ob]ect of

fthe background, from the dlfference between the input lmage




the mixed area, the present invention provides accurat
_background. The notion blur adjuster 106 determ nes the unit of processing

output. Conpared with a conventional method in which the foreground and

t he background are determned and separated without paéing attention to

AUgrE#088nd and

i.ndicating. at |east one pixel,containéd in the foreground conmponent

i mage, based on-the amount of novenent v deternined fromthe noti on vect or

and the area _.information. The um 27f- processing is data that .
designates.a group of pixéls to be treated in the adjustnment of the notion

PPN = -

bl ur adj uster 106 renoves the notion blur

“prurT 3 August— 2005 30 The notion btur—adj uster—106-adjusts—the-anmount--of-

. not i I c LNegsLAst o] e on the notion

biur et ChevE TR D8R TG e, RE s Ral R, S o PR M

conponentth&epsreypelihgd fromthe 'foreground and background separator 105,

and the notion veCtor, the position information-thereof supplied fromthe

motion det emi@rodPect a8% a8 8pl t 09f ma TG e'?ﬁ!ra’c%at{ﬂ% SpmdJIe Mt on
r contdined in.the

f or egt ound

conponsed gy r &5 po @R §286S theObbReedTes H & AMHu R 4miion blur

~contained in the foreground conponent inmage. and then outputs, to a

sel ecttdre liiagé¢ hsb fereocornes pOAAOAGN ol HRGE oW ldatt b wmet i on blur
adj usted. There are tinmes when the . notion vector and the position
jnforMQQEBernﬂﬁxﬁerEth@tdﬂﬁédrence'between”the image of the
background stored in an.internalfbéckgroﬁnd memoiy andithe
input.imagé, : _ : ~ o L
Using the block matghigg"method5 tﬁe gradient method,
:tﬁe phasé correiation‘method, or the pal recursive method,
the motion deﬁeétor‘loz céicﬁléteé_a.motiqn vector of“thei
Aimagelobjeétcorrespbnding to the objeét of the foreground
~?ough1y‘ektracted}.ahd‘supplies the area determiner 103 and
?he motion blﬁr.adjﬁster 106 ﬁith the céidulaﬁedrmotion
vector_and the positibﬁ informéfion-of thé.ﬁbtionVVector
~ (the information that.identifies_the pdsition-of'a‘pixel
co;respbnding to the mdtionrﬁector}. o
The m@tién vector output from the motion déetector 102
contains‘information correspohding to the amoﬁntrof j |
'_mbﬁement v. | : | |
| ﬂ..‘For example, ﬁhé-motidn'detéctor 102 sﬁppliéé the
' motion blur adjustér 106 with the motion Veétor for each
.image object togethé; with theipixel position iﬁfdrmatién
',idehtifyihg the pixel of the image object.

The amount of movement v indicates a variation in the




Based on a selection signal responsive to a selection input by the user,
. the selector 107 selects. between the foreground ConponﬁgL %3@65supplled.
~fromthe foreground and background. 'separator 105 and t Aoticon” bl ur
‘adj usted foreground conponent inage supplied. from.the not[onrblur
adj uster 106, and then outputs the sel ected foreground conponent image.
The input image supplied to the signal processor .12 is discussed bel ow
referring to FIG 5 through FIG 2028 G 5 illustrates the imaging .
operation by a sensor. The sensor 11 IS forned of -a CCD vi deo canera 3

d An obj.ect - correspondlng to the -
ol shater b g8 Bl hﬁ%ﬁm&%ec lne SOLLEPONG 1g, (o the

foregr

2 di th
o t“euﬂiﬂgtofhﬁﬁgeigg S a@%ﬁséﬁ e S oHiRGT 4 BBt ures ¢ he

backgr ound

B mageso é@ec&bf@%% %&}zngcggr ezlggrf%k o tch%hf ore%srb#m%ié%) the(r)u}[/mpbhst he

object 1 corres Ing’to th groun&

-the cagldved dppge hy f'@hrSPQEce?.Qe o %”%eﬁorfr%%e e%photpgseg%el SO{%f the

"outputs an image formed 30 Tranmes per second sur

ey S e, I90 96CRA o veRe el TS dhglienJen of 1
movement v of the image of the ob]ect corresponding to the
foreground ;s_referred to as 4.

| The object extractor 101 ahd the'mdtiohrdetector“lbé
are hecessarerhen thehmotion blﬁr'amouhtlis_adjusted in -
“response to'the mcving object.
.The area determlner 103 determlnes Wthh one of the
foreground area, the background area, and the mixed area
each plxel of the 1nput 1mage is located in, and then feeds,‘
to the mikture ratlo calculator 104 the foregroand,and
Aubackground separator 105, and the motion blur adjuster ldﬁ
1nformatlon concerning which area each- plxel of the lnput
o image belongs to (herelnafter referred to as area
-;nformatlon)

Based on the 1nput 1mage and the area 1nformatlon
:-supplled from the area determlner 103, the mixture ratio
'calculator_104 calculates a ratio of mlring‘of each pixel'

cohtainedrin a mixed area'63 (hereinafter-referred to as a
fmiXture ratio'aj}‘and then.feeds the'calculated mixture
 ratio to the foreground and background separator.105,

As will be_discusSed later using equation (3), the,




el ectric charge and the end of the conversion of the input light into
el ectric charge. The exposure tine is also ".referredt er tine.
‘FIG 6 is a diagramillustrating the arrangenent of plx“gfﬂ\%8 %Eﬁb% t he
letters A through | respectively represent individual pixels. The plerS'
are arranged on a plane corresponding to the imge. A single detector
elenent,correspondlng to a single. pi xel is arranged- on the sensor 11. Wen.
the sensor 11 captures the inages~ 29ngl e detector elenent out puts- a pi xel
val ue corresponding to a single pixel fornmng the i rage. For exanple, the 3
—August—2005—--32 | ocati-on-of—each-deteector—elenent—i-n—the X-direeti-op——

corre: cat he _haor.i zont direction of the image and the

| ocati on o% ead%t%gtec Prgﬁgﬁéﬁt 3 fate - © ¥Y%ﬂ%QﬁquWPQﬁﬁ?%s%5nds to a

| ocati a of ,.th Referring,to FIG 7, the
_detecf%?ﬂgnﬁﬁgﬁl aii?§ éegfégéhbéﬁpg Fﬁe%qéﬁﬁquQﬁﬂuq trﬁh%ﬁectrlc char ge
. for a I o ondi t he shutter time, and

accumﬁ%§%§§§%5§%Eé?#%?ﬁage ?lg %ﬁgk Zo e9ﬁﬁﬁﬂﬂ ) - el ectric charge

s, subst antgaddy t I e fy i t Jight and the
perlod of time déﬁfﬁggah?€%§ %% ?iﬁgtFﬁéugabB%l% f&%ﬁ‘pélldﬁro time

_corr esjpaRdinigid0 1dE SiwtEgs . miﬁﬁuréhfagﬁbeﬁtthﬂf?gﬁuffghkthéo the
. "al ready. accunul at ed char ge, char ge into
' mixture ratlo calculator 104, the foreground and background

';‘separator 105 separates a foreground component 1mage formed

Jof an image component only correspondlng to the ob]ect of

the foreground (also herelnafter referred to as a

foreground component) and a background component 1mage
formed of the background component only from the lmage, and
feeds the foreground component 1mage to the motlon blur
adjuster 106 and the selector 107. It is contemplated that
the separated foreground component 1s treated as a flnal
output. Compared with a conventlonal method in whlch the
foreground and the background are determlned and separated
W1thout paying attentlon to the mixed area, the present
11nventlon provides accurate foreground and background.
._ The motion blur adjuster 106 determines the unit of
:processing indicating,at'least one,pixel'cOntained in the
foreground componentpimage, basedon-the amount of movement
'.v determined from the motion vector and the area |
.information.r The unit. of'processing-is'data that
.'de51gnates a group of pixels to be treated in the

adjustment of the motlon blur.




, t he input light is converted SpeC|f|caIIy, theVdetectOr el enent

i ntegrates the input light for a duration of tinme, _cor%EPE Q% Bg to the.
‘shutter time, and stores-the electric charge responsiv Q nt egr at ed

.light: The detector ‘element is thus called as having a time integration

- effect. The electric charge stored in the detector elenent is converted -
.into a voltage value by an unshown circuit, and the voltage value is

converted into-a pixel value such-asio di gital. data,-and then out put. The

i ndi vidual -pixel values 'output fromthe. sensor,ll have a val ue projected

.—ﬂ—ﬁ—eﬁe—d-r-ﬂ‘l}ﬁf‘yl—(}ﬁ—al‘" space;—whi-ch-i-s-obtained —--by.—i-ntegrating;-with -3
et 200t oS EAPB L Qu BN e LV LA D
'fZ‘éﬁéhéﬁ%@“ﬁ??}—éﬂ”ﬁéﬂ?ﬁ?‘%&HLSEC?%S‘f’orr%re%thi@cé%n”%?%?’fta #5880 put |

i nal el fon ! Beull XhBLE 13V dnplhe & & e afsg,g%fgé)%#g%gd usts the

‘amount of distortion, ch as 't tlon

. the inmgecmb] estegtonhe £ %@%d P%' supkid & HRly Pgcessor 12 al so

adj usts the anount. of dlstor I on res ure. of the image

obj- ethd)fegﬂ‘tﬁmd%ﬁ&rﬁﬂéﬁg%ﬂnahﬁepﬁﬁ*ﬁ%o(ibll% Ynd hﬂl%m Synd. FI G 8A
- illustrates an image that "is obtaihed by inading.an objec correspondi ng
“to- a mmwﬂuxj(ﬂhﬁﬂpbﬁmkﬁﬂﬂ lnformatlon thereof supplled from the
motlon detector 102, and the unit of proce351ng.- For
—rexample, the motlon blur adjuster 106 removes the motion:-
blur contalned in the foreground component image, or |
: decreases, or 1ncreases ‘the amount of motion blur contained
"1n the foreground component image and then outputs, to a
'Aselector 107, the foreground component 1mage with the
motidn'blur adjusted There are tlmes when the mOthH
vector and the pOSlthn lnformatlon thereof are not used.
| Based on a selectlon SLgnal respon51ve to a selectlon
input by the user, the selector 107 selects between the
'foreground component image SuppllEd from the foreground and
<.,background separator 105 and the motion blur adjusted |
.foreground'componentﬂlmage supplled'from thegmotion blur
‘adjuster 106; and then outputs thejselected foreground |
component image. | | |
The input image supplied to the signai processor‘l2*is“
diScussed'below referring to FIG. 5 through'FIG. 20. |

FIG..5 illustrates the lmaglng operatlon by a

sensor. . The sensor 11 1s formed of a CCD v1deo camera




an object correspondrng to a statronary background shown, the object
~ corresponding to the foreground . horizontally noves fronrthe | eft-hand side
‘to the right- hand side with respect to the screen. FI GABBSIEP0trates a -

".nodel,diagranrrn which the pixel values.in.a single line of the inmge
illustrated in FI.G-8A are developed in time axis. The horizontal -
direction of - FIG. 8B corresponds to.the direction of space X in FIG 8A
The pi xel s in the background area- I3ave pi xel values ..formed of the
background conponent, nanely, the conponent of the inage corresponding to

r~—tne—backgwfwﬁﬁtfﬁﬂfﬁn—~4he—r—84~p+xe4s—rn—%he—#ereground~area ‘have-pixel .. ..
- val.uesy nen nanel t he conponent of the
-imge %g%r spong ékﬁ Fh ° ﬁ@%f dQﬂﬁ(ﬁﬁe HROSHKeRE fn the mixed
area haye; §L a ck roun onent d the foreground ,
conponent . S%ﬁéggthmggrxgﬁé xed ﬂed of the background

ony f t b d |
i torrar gy 608 3?@2&6%%5@‘. of e i gra% ST backgr ound area
-and ammﬁfsﬂn@aﬁg%guﬂﬁoﬂf fhe 102 CRUAPS ACKY QN et Is a porti.on

~of the mixed area corresponding .to a ormar &ct of the.

v bLSLS?E%*a%%‘%tBﬁ“é‘%ﬁﬁ’&%fﬁﬁﬁ%"@%?ﬁéére%%h%ﬁ’rﬁ"ﬁ'%gds L%%Pﬁuﬁﬁvﬁr th the
el apse:aaj‘kgﬂdtﬁ;dlihcﬂlﬁléfﬁéél &Bﬁldnﬁﬁ&etﬁ@ Beskgroynd area is a -
~ The sensor 11 captures the images of the object 111 |
correspondlng to the foreground together w1th the ob]ect'
112 correspondlng to the background The sensor 11 then -
outputs the captured image in unlts of one frame. Forp
:example, the sensor 11 outputs an 1mage formed 30'frames
.~per second.. The exposure time of the sensor lllis-thus
}/30 second. The exposure time is a duration,of timeifrom
' the ‘beginning of the'oonuersion-of input light into |
Velectric.oharge and the‘end of the conversion of'the input'
light into electrio_charge; The exposure time is also
-_referred to as shutter time. ' |
FIG. 6 is a diagram 111ustrat1ng the arrangement of |
pirels; As shown, the letters A through I respectlvely
‘”:represent individual pixels. The plXElS are arranged on a"
plane correspondrng to the 1mage. A s1ngle detector-
;element correspondlng to a s1ngle pixellis arranged-on.thel_
sensor 11. When the sensor 11 captures the images, a_

h51ngle detector element outputs a pixel value correspondlng

to‘a‘SLngle pixel formlng the lmage, For example, the




portion of mxed area corresponding to-a backward end of the object of the
-foreground in the direction of noverment, and in the uncovered .background,

‘-the background is appearing with the elapse of time. .| AAUEH , an
‘i mage, containi.ng the foreground, the -backgr ound, the cover ed background

area, -and the uncovered background area, 'is fed, as' the input image, to
~each of the area determiner 103, the mixture ratio. calculator 104, and the
foreground and background separatar3305. FIG 9 explains 'the background
~area, the foreground 3 August 2005 - 35 area, the nixed area, the covered -
------- -baekg#eundﬁaﬁean—and—the——uneovenedﬁbackgLeund_aLea dn.view of the imge .
- illustyated. % he background area is a still portion, the"

foreg&ﬁﬁﬁrtﬁ%a e%?hn@?ﬁSCﬁBFt &ﬁmepﬁeln-E@WEﬁe AIFRKGFYUNd of t he mi xed
ana kR %On%%ir abAGi R, gﬂ%d%teéf?%%'a%'qﬂ%air%?ﬁgﬁ aherd the
TP g bl 0o e 18020105 B3¢ %sﬁsﬁdeaeﬁ'&ﬁry%&é%&&?ﬁ?' Feoram
'?rgxlelngp%rfgg}r%luﬁ aas&%e%an&gj L0TaCa et I8RG TR tns” M ERR ¢ Qﬁaw the

. backgaqgggtl aﬁP;eHu pi xel s arranged |n a i ne of the inmage are_
.selected as a i ne ent pi xel s, . .

' Referring to FIG. 7, the detector element as the CCD =
',AconVerts the ihput light into electrlc charge'for a
.duratlon of time correspondlng to the shutter tlme, ahd
accumulates the resultlng electrlc charge. The amount of
electrlc charge is substantlally proportlonal to the
lnten51ty of lnput llght and the perlod of tlme durlng
{'whlch llght is 1nput Durlng the period of time . |
i correspondlng to the shutter time, the detector element
hadds, to the. already accumulated charge, charge into whlch'
the 1nput light is converted Spec1f1cally, the detector
'.:element 1ntegrates the input llght for a duration of time.
. correspondlng to the shutter tlme, and stores the electric
charge responslve to the 1ntegrated llght. -The detector
.element is thus called as having a tlme lntegratlon effect;
' The electric charge'stored ih the'detector element is
COnuerted into‘a voltage value hy.anrunshown circuit, and
~the voltaée value is chVerted into a pixel value Such,as
'-dicital data,'ahd then output. Theiihdividual pixel values
70utput from-thefsensor 11 have a value pro;ected in one-

,dlmen51onal space, whlch is obtalned by 1ntegrat1ng, w1th




Pi xel values FA through FO4 illustrated in FIG 10 are those of the plxels
‘corresponding to the object of a still foreground,. and pixel_val ues FO-
‘through B04 illustrated in FIG 10 are those of t he pliépgugéppéspondlng_
.to the object of a sill background. The vertical direction fromtop to :
bottomin FIG 10- represents the el apse of tine. The top side of the
.rectangl e shown in FIG 10 corresponds to tinme at which the ~conver si on of

Ilght i ncident on the sensor 11 int@3electric .charge starts, and-t he _

- bottom side of the rectangle. shown 36 in FLG. 10 correeponds to tine at

——which the conversi-on—of +ight—inetdent—on—the-senser1i-i-nto—eleetric ——-

d f h de to the bottom

R i R D SRR N R R R I oﬁht ﬁah
I t the frame .int are qual to each other.
;ﬁe ﬁOFIZO Qé?ﬁg#ééeflOEH?n%B%FéFdiﬁ g égﬁhﬁﬁtak%F?%% di #8dtion of space

- X di squss t& e FI'G- 8. SpeC|f|caIIy in the exanpl e shown
in FIG,:&?EVA §§%§%c§§§?%%$fhe | eft side of the rectangle desi gnated

"EOL" tC)tfﬁhélé&ﬁnédcﬁi5%eégsrr?§t@%ngctsdﬁ%%ﬂﬁﬂ 1 B04" as shown in

f FIG 10 corresponds to el ght tines the pixel anely, correspondz to
-th t t e reground -
e extreffheR n SeribS@Ed! tHBoREN ke }9'&%& ogJOéI o4 d&% OB 1&%

"~ and the object of the background are still, e sensor .11
remai renswhangech figie aoﬁjtlp@tl 90gRh1L %CQO%EGW%1@&&& ratio a.
The signal processor 12 adjusts the amount of dlstortlon,'

7‘such as the motlon blur, as a result of mlxture of the

rmage object of the foreground itself. The‘51gnal

processor 12 also adjusts the ‘amount of dlstortlon
resultlng from the mlxture of the 1mage object of the

‘_foreground and‘the 1mage object of-the‘background.

FIG BA 1llustrates an 1mage that 1s obtalned by

‘;1mag1ng an object correspondlng to a- mov1ng foreground and

an object correspondlng to a statlonary background. As

-shown, the object correspondlng to the foreground

-horlzontally moves from the left hand side to the rlght—'
" hand s1de with respect to the screen.

FIG.. 8B lllustrates a model dlagram in Wthh the plxel
'hﬁvalues in a slngle 11ne of the image 1llustrated 1n FIG. 8A
-arerdeveloped in tlme.ax1s. ‘The horlzontal d;rectlon of
FIG. 8B corresponds to the directidn of space X in_FIG. 8A.
| The,pinels in the'background*area:have pixei values -

formed of the background component, namely, the component

iof the lmage correspondlng to the background object. The




the shutter time. The duration of .tinme correspondi ng to t he shutter time
divided into at |east two equal |ength segments. For F@:et W@g :
virtual divisor nunber is: 4, the nodel illustrated |n ’i@ cones the
~one as illustrated in, FIG -11. The-virtual divisor nunber is set up taking
into account theamount of novement of the obj ect corresponding .to the
'foreground within, the shutter tinme. For exanple, the virtual d|V|sor

‘nunber is set-'to 4 when the anpunt 3af -3 August 2005 37 novenent of the

-~ w—ded—rht—e 4-segrent-s—TFhe- tepmast -r-ow.-4+ -l ustrated4n.—-FG 11 is a ..

"object is 4, and the duration of tine -correspondi ng to' the shutter tine is

leld t t. begi nni the Qpe | of a shutter A second
“row i M ust rat%g Fthg {’;?gglioﬁga ‘fqada c%jh‘@%&%e‘% Hnd fromthe
openi f fdﬂﬁ e d A ustrated | is .a divided
; segrre%tglet)hfe(t)tlh:"c::g ones c%h‘??%g?}rl%}rh{:t’ hé%ﬁ%ﬁrnﬁ 5t SO r]"t W‘? ourth row
Ci L ustigg) @%jdd}ﬂ%ﬁ%oﬂd1ﬁ dtﬂﬁdﬁg aent %gggﬁtones fourth fromthe

openi ng-of the s ter |ne 'se €d in response to the

© abject corrocpanatns! A ?%%%’?%‘S?%ﬁ% havEpRRYL, Rathiel o eien: 'on ¢ ne
j-_sensoba&:kgfre:mldn%omﬁtﬁ{@xm%dT@ﬁefPéfégPHﬂﬂdcemBB%@tn Ol‘ﬂnecﬂeua' s & val ue
S 'the pixels in the mlxed area are formed of the background -
component and the foreground component it may be’ called a-
7 dlstorted area.' The mlxed area is lelded 1nto a covered
‘}background area and an uncovered background area.

‘,_The covered background area 1is a portlon of the mlxed
"area correspondlng to a forward end of the object of the.
lforeground in the dlrectlon of movement thereof, and in the
- covered background area, the‘background,ls‘covered with the

foreground withithe elabse'ofhtime. ‘

| In contrast, the uncovered background area isia

portion,of'miked-area corresponding tO'a:backward end of
' the object of the foreground in the dlrectlon of movement‘
and ln the uncovered background the background is |
‘appearlng with the elapse of tlme. |
In this way, an“rmage, containing'the‘foreground 'the
tbackground, the covered background area, and the uncovered
background area is fed, as the input image, to each of the'
area.determlner 103, the mlxture ratio calculator 104, and

‘the foreground and background separator 105

FIG 9 explalns the background area, the foreground




‘which is obtained by d|V|d|ng t he. pi xel val ue FO1.by : ‘the virtual divisor

~ nunber. Simlarl when the object corresponding to th far ndis .
still, the foreg?ound conponent - FO2/ v equal's a val ue thgﬁ 93%%@ﬁ§|ned by
'd|V|d|ng t'he pixel value FO2 by the virtual dlylsor nunber, the o
-foreground conmponent F03/v equal s a value that is obtained .by di vidi ng_

._-the pixel value F03. by 'the virtual d|V|sor; nunber, and the foreground
1 conponent FO04/v eguals a value'that3Es_obtalned by. dividing the pixel value

- FO4 by the 3 August 2005 - 38 virtual divisor nunmber. When the object |
-60fresp0ﬁdrﬁg_to—{he-baekgreuﬁd—+e~wet1+methe +i-ght--i nci-dent---on--t-he-sensor -

. d h b k d onent_ .301/v equals a. val ue

3 gha{els 0 talne gﬁg% %?ﬁ?%g ﬁggﬁ %%%QVQQ? IFe U, %Wﬁﬁ$nt?®ﬁl ﬁlvhsor

o t oLres to the background is
ggrPquﬁﬂyggé%grOJ&%ﬁ%g%§§%§% e%OEPS é&ﬁé%&ﬁghfgﬁm§QQEn-ls obt ai ned by dl
.d'V'mﬂllddt%aﬁEd“dn\@&@e §02tﬁ¥h FSkV rtu ﬁggy'SOf qg&Hb t?ﬁebgfig[ouﬁ

conponent - BO3/ v equal's - a’ val ué

val ue p3e3 iyt i f@é sQkefunpe ack rqu nd conmponent = -
BO4/ v equaF%lah§§¥J§; 6“?% 0 ?glﬂgdgbyoglvﬁdp e lh? val ue B04 by

‘the . woireld dadigfiodiTsE -cAE A1 Rel mgslswgegomo%blact i opondi no
to the -
background transitions into the foreground and;the

uncovered background of the mlxed area is a portion where

‘the foreground tran31tlons 1nto the background.

FIG 10 is a model dlagram lllustratlng pixel values :

"of a llne of consecutlvely arranged plxels developed in
‘time axis in an lmage of the object correspondlng to. the.

'-mOV1ng foreground and the object correspondlng to the

3statlonary background For example, the plxels arranged 1n'
- a line of the 1mage are selected as a llne of adjacent '
plxels. |
| 7 Plxel values FO01 through FO4 1llustrated in FIG. 10
- are those of the plxels correspondlng to the object of a
still foreground, and plxel values FO1- through B04
1llustrated in FIG. 10 are those of the pixels
correspondlng to the object of a srll background.-

The vertical direction from top'to'bottom‘ln FIG. 10:
represente the elapse of time. The top side of the
Areotangle shown in FIG. ld‘oorresponds to time at Which‘the

_'conver51on of llght incident on the sensor 11 lnto electrlc

.charge starts, and -the bottom side of the rectangle shown




-foreground is st|II Irght |nC|dent on the sensor 11 and corresponding to
the object of the foreground remai ns.~ unchanged for thg durgﬁég of tinme
‘corresponding to the shutter time. Therefore, the fore ﬁo%% ﬁponent‘
'FOL/v for the shutter time /v that comes first fromthe opening of. the
shutter, the- foreground conponent FO1/v for the shutter time /v that cones
second fromthe opening of 'the shutter, the foreground conponent FO1/v

. for the shutter tiHE‘/v_that comes @i ~=d from the openrng of .- the shutter

and the'foreground conponent FO /v for the shutter 'tinme /v 3 August 2005

'background conponent BO. for t

== 3—9—that toﬂes—tourthntroﬁrthe—opeﬂfﬂg—otwthe-shutter beceﬂeutheusane—me
~ val ue. FO2% throu h FO4/.v. \When t he object
corresﬁgn |ngnfo %££% E§8d8u g jtdmegy thQﬂﬁh |9ﬂﬁ¥ﬁﬁﬁl$5nothe sensor
11 ang £ eSRONEL S téR {Hg Sgﬁg%%thfl%&e b ck opggﬂ%renalné%unchangedthe

- for the uratlon 0 me corresponding 2t ef ore

-,pbackgr r“t$§nt¥5£ghcﬁh%ﬁ QREH%' JAétéguﬁﬁﬁb S, frrst from
ac

t he openlng er groun conponen %t he

shut t &fidd ref/ﬁfhé el CaRmpe SPERRMst HATHAC AR (i d he Shuttef the

e shutter time /v that comes third from

~_ the openi nqutﬂaefauﬁgﬁanaaﬂathfolte%greﬁedswtrte}e'ttm&ﬁ Yngfor the
~ shutter time /v that conmes fourth fromthe opening of the utter becone
~ the  savee fealee s aAEale equal0toBAREY bihawgh BO4/ V. |
The- horlzontal dlrectlon in FIG. 10 corresponds to the
'.dlrectlon of space X dlscussed w1th reference to FIG. 8..
VlSpeCLflcally,rln the example shown 1n FIG, 10} the dlstanCe_'
from the left srde of the rectangle desrgnated "FO1" to the
.'rlght ‘side of the rectangle desrgnated “B04" as shown in |
rFIG. 10 corresponds to elght tlmes the plxel pltch ‘namely,
: corresponds to the exten51on of 8 consecutlve plxels._ o
When the object of the foreground and the object of
'the background are stlll llght 1nc1dent on _the sensor 11
remalns unchanged for a duration of tlme correspondlng to
the shutter tlme.f
The duration of. tlme correspondlng to the shutter time
‘1s divided into at least two equal length segments. For
example, when a v1rtual divisor number 1s 4, the model
111ustrated 1n FIG. 10 becomes the one as illustrated in
 FIG. 11. The- v1rtual lelsor number is set up taklng into
Qaccount the amount of movement of the object correspondlng

to the. foreground w1th1n the shutter tlme.- For example,

the_vrrtual divisor number is set to 4 when the amount of




‘Di scussed. next is the case in which an object corresponding to the
foreground is noving while. an object corresponding t Kn sQﬂ round 'is
~stationary'. FIG. 12 is a nodel dlagranrlllustratlng t he %f values of
~a line of plxels devel oped in the tinme axis, wherein a covered backgr ound

is present with the object corresponding to the foreground noving

- rightwardly. Referring to FIG 12, the amount of noverment v of the
~foreground is 4. Since one frane Ls3w—short period of tinme, the assunption.
that the object corresponding to the 3 August 2005 - 40 - foreground is a
--solid-body—and- noves—atua—eeﬁs{an{—eeeed——he#ds—~As shoun——the +-rmage—of-t-he-

- obJect fore qun shlfted T war dl 4 "pixels on. the next
frame mn%ﬁﬁgﬁgsgé Eﬁ g 8|$edﬁfram@ 4§§hﬁ # Y ke §3Mmethe | ef t nost

pi xel | e frame fromi ef-t-hand side thereof.

beIongagf%Q§%69¢ gg?%uﬁgeafgtheITﬁgqqf%ﬁxaﬂgéﬂe%olth% Leventh pixe

- bel ongg % ;M xed area, which-is a covered background area. 'Referring to

FI G 12 the rlghtnost pi xel . bel ongs to the background area. Since the

obj ect - of tdgs g5 Oﬁ%&ﬁ%ﬂ“l?iubﬂrﬁ;@ﬁ”ﬂ% PN Al 1 gayeggqtie obl ect
e

of 'the backgroun el apse of tine conpone % &on in the

Pixel sease ofe ¢ PeyehaiRg! BROLRG bge&h%gcevsfa?dsrﬂ?@wf OU%* area change

second row 1llustrated 1n FIG. 11 1s a lelded segment that
comes second from the openlng of the shutter. A third row
' trlllustrated in FIG 11 lS a lelded segment that comes |
: thlrd from the openlng of the shutter -A fourth row |
'lllustrated in FIG. 11 is a d1v1ded segment that comes
'fourth from the openlng of the shutter.
o The shutter time segmented in resPonSe_to the amount
ofrmovement'v is also referred‘to.as'shutter time'/v; |
| When the object correspondlng to the foreground is
stlll the llght incident on the sensor 11 remains |
unchanged. The foreground component FOl/v equals a value
whlch is obtalned by leldlng the plxel value FOl by the
- virtual d1v1sor number Slmllarly, when the object
'-correspondlng to the foreground is still, the foreground
component F02/v egualsza value that is obtalned_by d1v1d1ng
the_pixelﬂvalue'FOZ hy the virtual divisor number, the
foreground compenent F03/v equals aﬂvalue that iS‘obtained
hyidividing‘the pirel.value F03 by'the-virtual divisor'
"number, and.the_foreground component F04/v'equals a value

- that is obtainediby dividing the pixel value F04 by the




fromthe backgr ound conponent to t he foreground conponent ~at a point of

time within the duration of ‘the shutter tine. The prxel xalugépﬁéenclosed
‘ina solid box as shown in FIG 12 are expressed by -t he gy equation

(1). MeBO2/v + BO2/v + FO7/v + FO6/v (1) For exanple, the fifth. pixel from
‘the left-hand side contains the background conponent of a single shutter
- time /v and the foreground. conponent of .three shutter tinmes /v, and the
“fifth pixel has a nmixture ratio a-'fg 4 4. Since the si xth prxel fromthe:
| ef t-hand side contains the" background conponent of two shutter tines /v
——ane-t-he- 3—Auguet—29&5~—4rl f-of- egr—eund conponent—of two-shutter tines. /v, — ..

t he n16£? a atrg a the%ﬁ’ is 1/2. The seventh pixel fromthe | eft hand
si de con n% hEBREK ﬁﬁhconponent of three. shutter times /v and the ;

f d. h [ '
thereof -1 V39, CiReRBIEEES coteRRindtY it R coe RaPolbil Sy eor ound | s
s oor D88 B0 TRUER, BncA Sy feDesee'r%&tﬂ@ir%‘%aﬂam?ﬁe"i or et ound

. foreground appears prxe S on

corrporerrshfﬁgéa, gha! Bfief Bgr:rcgrwﬁ%i dd Oé}&'ﬁéiwaggu;; eqas_shown in

FI.G 12 for Irst shutter tine /v € openin e shutter

- equal sy e R HOT QNG EQTRAACH g eflvtﬂaexr f ﬂb%ﬁ?&fr}gﬂéhﬁoh% hand

srde ‘as shown: I.n G 12 for t secon '
the v1rtual lelsor number. Slmllarly, when the object
correspondlng to the background is stlll " the- background

"component B02/v equals a value that. is obtarned by leldlng

the1pixel value‘BOQ by the uirtual diVisor-number, the
- background component‘BO3/V-equals a value that is obtained-
by leldlng the plxel value B03 by ‘the vrrtual divisor
'number, and the background component B04/v equals .a value
lthat is obtalned by leldlng the plxel value B04 by ‘the
'v1rtual d1v1sor number |
In other words, when the object’ correspondlng to the
rrforeground is Stlll llght,'rnc1dent on the sensor,ll and
X correeponding to the object of‘the foreground; remains
unchangeo for the duration of‘tlme.corresponding to.the‘
shutter time ‘Therefore;.the foreground‘component'FOI/v
'for the shutter time /v that comes flrst from the openlng
of the shutter, the- foreground component Fol/v for the
-shutter'tlme./v ‘that comes second from the opening of‘the
shutter,lthe foregroundlcomponent FOl/v for the shutter
time /vlthat comes'third from the opening of the ehutter,

and thezforeground component F01/v for the shutter time /v




time /v fromthe openi ng of the shutter. Likew se, . the "foreground
‘conponent FO7/v' equal s' each of the foreground conponeg% ahtb% SIXth
pixel fromthe left-hand side as shown in FIG - 12 for Rii shutter
~time /v fromthe .opening of the shutter and the foreground conponent of
the seventh pixel fromthe left-hand side as shown in FIG 12 for the
“fourth shutter time,/v fromthe opening of the shutter. Wien it is
assumed that the object of the foreggound is a solid body and noves at a
. constant -speed so that the inage of the foreground appears shifted by 4
—pi-xels—en—the-- nex*c frame,--the—foreground conponent--F06/v—of the third 3 ...
August 2005 g # fromthe |left-hand side as shown in FIG 12 for the
first s Yt%ﬁm??ng RotR BRPENE 8pQQQH}?ﬁ Qﬁu?ﬁﬁuﬁ?%ﬁteﬁqthgmghe ]
foregr czis nt of he fourth pixe the l.eft-hand side as shown
in FI éwél] ?ci%%rp‘{%g “2ecoh sﬁﬁf“?ef"t Pféle/ \?f;rF lb‘ﬁ)%ﬁh‘?th%f }’he shuttgr
Li kew se, egroun onent .FO6/ ch o g foregroun
conponent (W{Epﬁ glfé c%h:’pl el ”fgﬁpeﬁglpgftfcoh% fj:ia:f%( h‘%‘:f%)vd'lslndFJI[S 12
for t i r o te v_fr t ni,ng .Q e shutter.and. the
foreg:%ulnl n%%%e {n J'(ﬁr(%he cs’{lx?ﬁ]ep?'%e%%% :h AR 1995 %%nél'rd‘éhas shown
in FlGo Jt%é% f&yrmeshg& FolihB® ik L{%ﬁﬁ} e of  hhe
.shutter. When}égﬁs assuned thg e 6bje ground
'duratlon of tlme correspondlng to the shutter time.
Therefore, the background component BO01/v for the shutter
time /v that comes first from the openlng of the shutter,
the background component B01/v for the shutter time /v that
comes second from the openlng of the shutter, the
~background component BO1/v for the shutter time /v that
comes third from the openlng of the shutter, ‘and the
:background component BOl/v for the shutter tlme /v that
- comes fourth from the openlng of the shutter become the
‘same value. -The.same is true of B02/v through B04/v,
Discussed. next is the case in which an‘object
correspondlng to the foreground is mov1ng whlle an ob]ect
-correspondlng to the background is statlonary
FIG. 12 is a model diagram 1llustrating the pixel
| values of a line of plxels developed in the tlme axrs,
whereln a covered background 1s present with the object
correspondlng to the foreground mov1ng rlghtwardly
Referrlng to FIG 12, the amount of movement v of the

foreground is 4 Slnce one frame is a. short perlod of tlme,

the assumptlon that the object correspondlng to the




~is a solid body and noves ata const ant speed so t hat the "imge of the-
‘foreground appears shifted by 4 pixels on the. next fraggt h&exbgreground
-conponent FO5/v of the second pixel fromthe |eft- ‘hand”§'de>'d5 “2hown :
FIG 12 for the first shutter tine /v frontthe opening of the shutter
~.:equal's the. foreground conponent of. the third 'pixel fromthe .left-hand
side as shown in FIG: 12 for. the second shutter tine /v. fromthe openi ng
of thé shutter. Likewi'se, the foregypund conponent FO5/v.equals each of
" the foreground conponent of the fourth pixel fromthe |eft-hand side'-as
—showr—t+na-FH-G 1 2-for—the—thi Fd—shuttfﬁA4+4na—kv—trtnmkthesepentng -of--the. ..

shuttei and thg fore rouqd conponent _of the . 3 August 2005 4 3 - fifth
pi xel FPHAFFREDHLE. Hafg idididoly anuiovesiat axcepstant seeedh shutter
oy sct Kt A8hL BE, BB5Rhnd Rl MGas i bt o sk cae cihd " Soneaanbagneed o
e B PREeS tRehB ATk SRR L et BhiRervdinshoun 1 n
-EASZ|§E?%§ ?%PQ%I%L %vggg%%gﬁeatnﬁflrhef;ggbbgep?ggrlP?oﬁf tﬂg fggttﬁand

si de as { {%Ctolﬁx§ _ ?hetﬁ%cg% shutter t| ZyééOE%%?Ehegpﬁngpg

of the shutter W se 6r egroun conpo

Lhe 1 qsgspund oaopenght ftotlhehtehttes%tp'hédd éh 183t D81Eng' de as
shoun in FIG 12 for th :

to the foreground area. . The fifth plxel to the seventh
rplxel belong to the mlxed area, which -is a covered
fbackground area. -Referrlng‘to FIG. 12, the‘rlghtmost pixel'
belongs to the background area. - |
Since the ob]ect of the foreground moves in a manner
.such that it covers the object of the background with the
elapse of time, components contalned 1n the plxel values of
“the. plxels belonglng to the covered background area change-
from the background component to the foreground component
-at a p01nt of time within the duratlon of the shutter time.
| L The plxel values M enclosed in a: Solld box as shown in
FIG. 12 are expressed by the followrng equatlon (1). |
| M—BO2/V + B02/v + FO?/V + FO6/v )
| For example, the fifth plxel fron the 1eft hand srde
pcontalns the background component of a 51ng1e shutter tlme
/v and the foreground component of three shutter tlmes /v,
'~and the fifth pixel has a mlxture ratio o of 1/4‘. Since
- the sixth pixel from the 1eftfhand side contalns thef

background component of two shutter times /v and the




third shutter time /v fromthe opening of the shutter and .the foreground
'oonponent'of the fourth pixel fromthe left=_ hand side %ﬁg&%% 5in FI G -
.12 for the fourth shutter tine /v fromthe openi ng of ?ge shatter. The
foreground area corresponding to.the noving object contains a notion blur
in this way, and may be thus called .a distorted area. FIG-.13 is a nodel
‘ dlagran1lllustrat|ng the pixel . values of a line of pixels developed in the
time axis. wherei n an uncovered-bddkgfound is present with the object
correspondlng to the foreground noving rightwardly. Referring to FIG 13,
T the anount—of “novenment—v—of-the 3-August—2005-44-——f-oreground-is—4.—SHhee-————

; hat .t bj ect
one rﬁ@?egﬁoﬁndsaembpggégfgﬁﬁ ﬂﬂ'ghutqéyaéﬁﬁhﬁaﬁ%PEB %3mérpg gohgfant

corresponding to the .|s a so

~ speed rabpbds. tﬁ\éréB@Wﬂs the '”%% Yertdit: %ﬁ?él Ofr yﬁem{,cgggg)g und . -is

shifted rightwardly by 4 pixel's on the ne Frame W to a given

frame. ndled es180%cbRt AL e bAeugebumRst ;?&%Je&@%f‘e%ﬁf%th; pi xel from

the |l eft-hand side beloong to the foreground area pi xel to the

seventdhpt tet tmm@@g/uOahaetﬁbxggre@&%@ndM@ ﬁﬁ] cysred background
area. Referring to FIG 13, the rightnost plxel ongs to the foreground

ar ea. sSiuicteet heimbj ) @hdtbRe mokegkeURdriwhioch HASSOVES eﬂ/ﬂhe ob) ect
of the background, noves with the el apse of tine 7
When 1t is assumed that the object of the foreground
'is a solrd body and moves at a constant speed so that the
o 1mage of the foreground appears shlfted by 4 plxels on the
‘next frame, the foreground component F07/v. of the fourth
pixel from the'left;hand side asrshoun in FiG. 12 for the
flrst shutter tlme /v from the openlng of- the shutter |
equals the foreground component of the flfth pixel from the
left- hand side as shown 1n FIG. 12 for the second shutter
-tlme /v from the 0pen1ng of the shutter. leerse, the |
foreground component FO?/v equals each of the foreground
: component of the srxth pixel from the left hand srde as
h-shown in FIG. 12 for the thlrd shutter time /v from the
;openingrof the shutter and'the foreground component of the
nseventh pixel from the left- hand 51de as shown in FIG. 12
.for the fourth shutter tlme /v from the openlng of the |
'shutter. |
When it is assumed that the object of the foreground
is a SOlld body and moves at a constant speed S0 that the.
image of the foreground appears shlfted by 4 pixels on the

-.next_frame, the foreground component F06/v of the third




_in a‘manner such that the object of the foreground is’ removed from the
front .of the background object, the. conponent containeg hﬂJEBS plxel val ue -
~of- a pixel belonging to the uncovered background area cﬁ ges ?ron1th :

foreground component to the background conponent at a point of tine mnthin
the. duration of tine correspondlng to the shutter tinme. The pixel value M
~enclosed in a solid-line box in FIG- 13 is expressed by equation (2).. :
M =F02/v + BO0l/v + B26/v + B26/v {2y Eor exanple, the fifth pixel .from
the | eft-hand side contains the background conponent of three shutter -
- times—fv-+--—45--and-t he-f-oreground conponent—of-one-shutter-tinme-v.—and .

.the fi a,.m atio a of 3/4. Since the sixth pixel from
the Ieﬁggﬁg grQdeﬁgonF§¥ 5a9ﬁ£Eﬂé%kéﬁbﬁﬂﬁnﬂédwboﬁﬁﬁt bE-fab shaetter tines
the m xture ratio

Y d f t of t hut t t /
Wi 8&§g£8¥ﬂgl§8v %ﬁﬂk h%ﬁ%ﬁéﬁ#ﬁsfgﬁtéﬂgﬁshgﬁasr contains the

a thereofl Is

Uhroo Shatie TREnEdksgkof §%?°‘ﬁ%5%reétu”§‘ e doeretrel oLapm. hen

"three shutter

ot ene {Qre M abegeRREAY IEC R ) e AR eSS Y
‘Fhe Qﬂﬂﬁ%é%”%hménﬂvaromlﬁhé BBEﬁQh@UB% %%@P%%ﬂgter. Likewise, '
‘the foreground component FO06/v equals each of the o
rfOreground component of the flfth'plxel from the left-hand -
A_side as shown in FIG' 12 for the thlrd shutter tlme /v from
- the openlng of the- shutter and the foreground component of
the.51xth plxel from thenleft—nand side as. shown 1nJFIG. 12
for the fourth shutter_time /v'from.the opening of the
~ shutter. N | |
‘- When it‘is ussumed that_the ohﬁect-of the foreoround
is a solid body and_noves at a constant speed.so that the
‘image of the foreground appears shifted by 4 pixels on the
next frame, the foreground component F05/v of the second-
' plxel from the 1eft -hand side as shown in FIG. 12 for the
“first shutter. tlme /v from the opening of the shutter
equals the foreground component of the thlrd plxel from the
' .leftuhand s1de as shown in FIG. 12 for the second shutter
tlme /v from the openlng of the shutter; Likewise}.the
iforeground component FOS/V.equals each of the foreground
“conponent of the fourth pikel fronhthe left-hand side:asl
"-shown in FIG. 12 for the third shutter time /v from the

I_opening of the shutter and therforeground component of the




- (3) Si nce rtprrs assuned that t he object of the foreground is a soIrd body

| and noves at a constant speed, and the anount of nmoveng t §0§ t he
'**foregrbund conmponent FOLl/v of. the fifth pixel fromthe F g%sgand side as’
shown in FIG 13 for the first shutter tinme /v fromthe opening of the:

-shutter equals the foreground conponent of the sixth pixel fromthe
. left-hand side as shown in FIG -13 for the second shutter tine /v fromthe-
'-opening of the shutter. Likew se, 3 4%ugust 2005 - 46 ‘the foreground =~
) component FO1l/v of the seventh pixel from the. left-hand side as. shown
——r—n FrG 13 for-thethird —shutter—time -/ v-from-the- oreenrng ~0f-- t—he—shuieter———,-;e

ft-hand
saual sekben ROKed” pund SoEDINANL 1olnd 16s Bl O UL 16T ORK L DBl BhL-Pand

side as sho

of thetRBUEbLREthSERGRLEY timess/méwgédté %%@tofftﬁge%tgﬁgg%gggg S

solid body and noves at- a constant spe anou

0 f ft-hand .
4, the foreghieyng: CO8PQLS kel %&tﬂtgeh;sﬂter it mﬁ f&%# 2§

side as shown in FIG 13 for the f e openi ng of

‘the ‘shuitd esoBgaab6dyhanHOMBYLBURE GOMRMANNIOTs étéu el fromthe
| eft-hand side as shgmn in FIG 13 for the gecod; utter trne v fromthe -

'opemrumagetdmaﬁh@tf@fegrbhhamhﬁgeakﬁeshﬁ&&ﬁkaﬂﬁ C%ﬂB&ﬂ§9t1E0@ﬁ¥ equal s
‘the foreground conponent of ' ‘the eighth pixel fromthe left-hand -
-next frame, the foreground component F04/v of the leftmost
plxel as shown in FIG. 12 for the flrSt shutter time /v
-from the openlng of the shutter equals the foreground '
component of the second plxel_from_the left-hand side as .
shOWn'in-FIG. i2 for-therseqond shutter time /v froﬁ the
oPening'of theishutter;',Likewise}-the foreground component
F04/v equals each of‘the_foreground component of the third
- pixel from the'left-hand sidelas:shown in FIG‘ 12 for the
'thlrd shutter tlme /v from the openlng of the shutter and
the foreground component of the fourth pixel from the left—
_hand 51de as shown in FIG 12 for the fourth shutter t1me
-/v. from the opening of the shutter.

The foreground area corresponding to the moving objectl
'contalns a motlon blur in thlS way, and may be thus called
a dlstorted area. - | o

FIG.¢13 is a model diagrem illustrating the pixel

- values of a line_ofrpixels developed in the'time axis,:
‘wherein an uncovered beokground is present with the object
h.correspondlng to the foreground movrng rlghtwardly.

Referrlng to FIG 13, the amount of movement v of the




si'de as shown in FIG 13 for the third shutter time /v from-.the openi ng of -

~ the shutter. Since it is assuned that the obj ect of the3k9§&g@95§d I's a -
~solid body and noves at.a constant speed, and the amount novenent v is

.4, the foreground conmponent FO03/v  of the seventh pixel fromthe |eft-hand
- side as shown in FIG-13 for the first shutter time /v fromthe opening of
"~ the shutter equal's.the foreground conponent of the- eighth .pixel fromthe
l.eft-hand side as shown-in FIG 13 #ar -the 3 August 2005 -- 4 7 second
* shutter tinme /v fromthe opening of the shutter. Referring to FIG 11
“w%mweﬁ&%%%MwHﬂm —e-wi-ser—nurber—+-s--4,—but-.t he -di-vi-ser-nunber-.
my re he nmougt,_nmovenent_ v. The anoynt of novenent v, .in turn,
s typ?€9€g§5§%§p8ﬁ5|ve &0Ffe 005 &F20F Sy % Q?Eﬁoﬁb?EcFlﬂﬁfthe
- foregroyad ject of .t fore und is noving in-a
- manner. suc%sgﬁﬁ?gigﬂp#ﬁa r@ggdpyjeﬁgegﬁfqﬁfgf q?%e next frame with

The v T eyl o B "a, haTRe, BRI OQ’fES”%‘%e”e”t ; AhPEE he. amouni

The virtu di vi sor us set to be

of NMOVRSEY . V. A Fhé@h! yth@hﬁﬂagethOleh%Ctog% ctth%g q{heeqriﬁ n%réungw ng in é;'

. manner such that it |eftwar ppears by p1 Xel's on ¥Fame wi'th

| garess e sanigatiy B, SRS DU 9 B i
'ioflnou&m@ﬁcﬁhto a given frame.
| 'Referring to FIG. 13, the leftmost plxel to the fourth
plxel from the left- hand srde belong to the foreground area.’
The fifth plxel to.the seventh pixel belong to the mlxed
area, whlch is an uncovered background ared. Referrlng to
FIG. 13, the rlghtmost pixel belongs to the'foreground area.
Since the object Of the foreground, which has covered
the object of the background, moves wrth the elapse of time
. in a manner such that the ob]ect of the foreground is
‘removed from the front of the-background obgect,_the
Acomponent contained in the pixel ualue of a pixel belonging
~to‘the uncovered backgrOund area changes from‘the
foreground-component to the background component at a polnt
__of'time‘within'therduration of time corresponding to the
"Shutter time. | | | |
' _The pixel value M'-enclosed'in a solid—line box in FIG.
A3 is expressed by equation (2). |
M'—FOZ/V + BOl/v + B26/v + B26/v (2)

- For example, the flfth plxel from the left- hand side

contalns the background component of three shutter times /v




FIG 14 and-FIG 15 illustrate the relationship between the foreground

. area,. the background area,-and the nm xed area conposeds@f, Lieopever ed

- “background portion and..the uncovered background porti on, 8escr| ed above,
‘and the foreground conponent and the background conponent responsive to

‘the segnmented shutter tine.. FIG 14 illustrates the pixels of the o
-~ foreground area, the background area, and the nmixed area extracted from
the 1inmage of the foreground corresgénding to “the object nmoving - 48 :in

~front. of the stationary background. As shown, the object of the '

—~—foreground-hoerizontatty—roves-w-th respect-to-—the-sereen—~A-+frame-#n+l-is -
a frang,su (o]": fram e afr #n+2 js a,frane_ subsequent
to t hr'e@rfl(?aﬁgs#ﬁg%gkﬁﬁﬂdlg%ﬁﬁoﬁs@{hﬁ&‘a?ﬁg Oélermgggﬁq‘ﬂ: \?\t)fﬁ"&% {¥e el val ues

of pi xghs aiecdeyelapedaiknat: [ IS, rei he . pi xel s are extracted

fromthe foregroé%ggargg, ?h@gx%ggﬁb?%ﬁﬁﬁy£$ggfzgﬁg'tﬁ%fﬁgﬁéﬁhﬁrea from any

- of thesftenep;#81t PEEHIRNENS lrt ARG N E2ed asrmcthg' QUL 50f . rovenent i s.
det erm ned t%lbe 4, S#nce t%g ob?%g? o,dfhgg¥%$§%}oun Qéﬁ%%fQu? e pixel

val uescompdéient 06 £9ERNGhatear B nede AOounqdiier ound conponent s
‘icorrespgﬂ%ingrto t he ‘shutterrtines /J. FSr e%ﬁnﬁageiéégﬁéﬁtnnst one of

the pompsneémt the {06 eghoupdrateneshow). the RiG%cal ingligles FO /v,
~FO2/v, FO3/v, and FO4/v. In other words, the pixels .in the foreground
area duremecS Bs NDL2 0N Dherseventh pixel from the left-hand side
VCOntéins the baékgrbund component of one shutter time /v
and the foreground component of three shutter times /v, and
. .the mixture ratio o thereof is 1/4. |
' When equations (1) and (2) are genefalized} the-pixell

‘ﬁélue‘Mlis'expreséed by eqdétion (3).

M=a:B+JFi/v 3 (3

.ﬁhere-a is a mixturelratio,‘B is a pixei.value.pf the
Béckground, andrFi/v is .a foreground compénent.
A‘Since‘it‘is assumed that the object,of the fOreground
- is.a S@lid'body and moves at a constant speed,'and tﬁe
ambqﬁt ofrmGVemegF v is 4, the foreground coﬁponént FOl/v
dﬁ‘ﬁhe fifth pixel from thé'left—haﬁdrside és'shoﬁn in FIG.j
 137for fhe first shutter timé-/v from the opening of the
x shuﬁter‘éqgals'the foreéroﬁnd comppnént'of the Sixth pixel
-_frbm the left—héna side'as“shoﬁn in FIG.. 13 for the second

shutter time /v from the opening of the shutter. Likewise,




‘The obj ect -of the'hackgkound remains still, and Iight7 i nci dent on fhe_
“sensor 11 and corresponding to the background renains %&p@g for
er |

~throughout the duration-of .time corresponding to the s
this case, the pixel value: of t he background area includes no notlon qur

The pixel values of the pixels bel onging to the mxed area formed of the |
~ covered background portion or. the uncovered background portion include the
f'foreground 3 August 2005 -, 49 cengénent and the background conponent.

Di scussed next is-a nmodel in which pixels are consecutively arranged in a
——tHne—in—each—ofa-phturality-—of—rF/r aseseand peer—#&tPaes— of--the pixels—at-the

Same posk tEORSq: BEAR°S0h BERERATRY13e deYSloRed [ LI e 3T when the | mmge

of .an o | ect S novi n exa

nor | 2anial 1y £myi g n@ﬁ ESBAGLN! ent %%%Cﬁ%e&)? a%gghlof SRR AL

screen is selected as ne of COnSEécutive

o Bl | X lLu f a_ line.of djacent‘
: ,-Iplsxgl s -at Eﬁalg%%n é%sﬁ?%?hgg?ggﬁl h 8{fhsrégl(e3 %r%al%es rde%ad’psed:q time .

axi's, ‘fehesidund Neondhowdse f OF MRS EHBE@hOEJ_E(Q?L 0l fﬁfttn%f 1§n R Sl onary

e background A frame #n is.a frane sdbsequent to a frane 1, %Nd a frame
#n+1 isSde faammaHbSanUens . tp3therf eABRFoutEn- sﬁﬁ%%%r'Qtho/ﬁ'G- 16, pi xel

~ val ues BO1 through B12 are.
' : from the openlng of the shutter.

Slnce 1t is assumed that the object of the- foreground
is a solid body and moves at a constant speed _and the |
'amount of movement v is 4 the foreground component F02/v
-of the 51xth ‘pixel from the left-hand 81de as shown in FIG

':13 for the first shutter time /v from the opening of the .
shutter equalsttherforeground component of.the seventh.
" pixel from therleftehandiside as shown in FIG. 13 for the
."_second shutter tlme /v from the openlng of the shutter.
leerse, ‘the foreground component F02/v equals the
7f.foreground‘component of'the eighth pixel from the left—hand.
side as shown in FIG. 13 for the thlrd shutter time /v from
1the openlng of the shutter. |
| Since it is assumed that the object of the foreground
is a SOlld body and moves at a constant speed, and the
famount of movement v is 4, the foreground component F03/v :
of the seventh pixel from the 1eft hand side as shown 1n
' FIG. 13 for the first shutter time /v from the openlng of

the shutter equals the foreground component of the eighth

pixel from'the_left—hand side as shown in FIG. 13 for the




the plxel values of the pi xel s corresponding to the stationary background-

o obj ect. Since the background object remains still, the pixel 'values of the

- -corresponding pi xels. remain unchanged fromthe frane_ ﬁyﬂwﬁﬁpgﬁgh the.
frame #n+1.. ' The pixel. in the frame #n and the. pixel in the frame #n+l at
- the sanE'pOSition as that of the pixel having a plxeL: val ue of BO5 in the
“frame #n-1 respectively have the pixel value BO5. "3 August. 2005 - 50 :
FIG 17 is a nodel diagram illustrat7ing the pixel values of a |line of
pixels at the same position across three franes developed in time axis, in

.“—aMﬂfh—theﬂﬂﬂ%%n—f#—_fks%+++—baekgteuad~and—theuebyeee4ﬁ~%rieeeg#eund——— -------
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_F12/Vobject of the foreground For example, when the object of
. the foreground is mov1ng in a manner such that it -
,rlghtwardly appears by 4 pixels on the next frame with
'respect to a certain frame, the amount of movement v of.the
object 1s 4. The v1rtua1 lelSOI number is thus set to be
:4 in response to the amount of movement v. Slmllarly, when
. the object of the foreground is moving ln a manner such
':"fthat lt leftwardly appears by 6 plxels on the next frame -
w1th respect to a certaln frame, the amount of movement v
of the object is 6. The virtual divisor number_ls thus set
" to be 6 lnlresponse to the amount of'movement v.
FIG. i4land FIG. 15 1llustrate the relatlonshlp
.between the foreground area, the background area, -and the
mixed area composed of the covered background portion and
" the uncovered background portlon, described above, and the
dforeground component and the background component
ﬁreeponsrve to thersegmented shutter tlme
| FIG. 14 lllustrates the pixels of the foreground area,g

~ the background area, and the mixed area extracted from the

1mage of the foreground correspondlng to the ob]ect mov1ng




- shutter. is.also F1'0/v." The foregroun c nponent of

The- foreground conponent of t he thrrd prxel fromthe left- hand side as

shown in FIG 17 for the third shutter time /v after t of the
- 'shutter ~and the foreground conponent of the fourth prf%ﬁuggﬁgpﬁﬂ

"~ left-hand side as shown in FIG 17 for the fourth shutter time /v after the
openi ng of the shutter beconme F12/v. The f oreground conponent of the
‘leftmost pixel in the frame #n--1 as shown in FIG 17 for the second
~ shutter time 3 August 2005 - 51 /« &Hter the opening of the shutter is

- F11/v, and the foreground conponent of the second pixel fromthe |eft-hand
—si t+ﬁrt+ur1+fﬁuﬁtfu ~tt+me—fv—after—the-opening——

.of the;sh | l.so FEi ore of the thrrd.p|Xe
fromth é ?Ekﬁ%hgﬁd%g%dgggglsI“&ﬁﬁr forﬁfngh?ﬂﬁrtﬁLghutter tinme /vf
. after egieng nef Len /v. The fpreground conponent o
ffthe'le?Pﬁogg ngg |§B?h§§% hg;?é?i W TR V*gé g?ng?ttﬁ8 third

. shutteghbi BBreby after the opening of the shutter is Fidv, and the:
foreground conponent of the second pixel fromthe left- hand. side. as

~shown i n ' FAGerafiel gh+ihes! QUEthnShWli&iedudR /o aaffﬁméh Opaex@(g”g of -the

tnost pixel in:

the f raner#ne1$as25hewe ¥RambGsubbdg@enthad Q4fd h:hxsf!}ngé filed fime /v after ..
. the opening of the shutter becones F09/v. Since t ackground obj.ect is
o ostill, ‘the mamkgIEUﬂﬂlustrates a model in Wthh the pixel values
o - of plxels are developed in the time axis, wherein the
" pixels are extracted from the foreground area, the |
'r','background area, and the mlxed area from any of the frame
#n through the frame #n+2, and theramount of movement is
'determined to be-4 Since the object of the foreground
moves, the plxel values in the foreground area include four
dlfferent foreground components correspondlng to the |
"shutter times /v._rFor example, the leftmost one of the )
prxels in the foreground area shown in FIG. 15 lncludes
F01/v, F02/v, FO3/V, and F04/v. In other words, the plxels
. -in the foreground area contalns a motion blur |
| The object of the background remains still, and llght
'lncident on the sensor 11 and corresponding to the |
background remains unchanged for throughout the duration of
‘time corresponding to the‘shutter‘time. In this case; the
- plxel value of- the background area 1ncludes no motlon blur.
The pixel values of the plxels belonglng to the mixed

‘jarea formed of the covered background portion or the

uncovered background portion include the foreground




' .7conponent of the second pi xel in the frame #n-1 fromthe 'left-hand side-as
.shown in FIG . 17 for the first shutter tinme /v.is BO1l/ ckground
"obj ect of the third pi xel . fromthe |eft-hand side of t%Aug%%%g&%
~ shown in FIG 17 for the second shutter time after. the opening of the
. shutter i's B02/v. The background object of the fourth pixel. fromthe

" left-hand side of the franme #n-1-as shown in FIG 17 for the first through
third shutter tinmes after the - 52 4®pen|ng of .the shutter is BO3/v. In the

~frane #n-1 as |IIustrated in FIG 17, the Ieftnost pi xel faIIs'mﬁthin t he
—for —~hand———

cover ed background portion. In -

tgntnnurtntﬁr”
de f 4N n
si de @$$P°Mééglgn& ﬂ§1§§?§§&%§ﬂﬁ?éf“$#§evﬁé fifth through twel fth pixels,

t he-frame #n
. falling wit owpd.a resp h ve |er val ues of B04
fthrougﬂ Bi | h&éhﬁgf%@aﬁégﬁﬁﬂgn a@gﬁpﬁu 3%1 ﬁy the | ef t nost -
'_'throu%ﬁééé&ﬂ}éfysaff%h téht hipn 4t *13 Cor%g %i J?,é;o(g ?T;O;Jns o
0

area of the frane #n regroun onponen

“one offr iy Vardnougdt RI2{ Yes SHRC ¢ pict 1§(e§§5§%§%&1§‘%arﬁé‘e dofegpoynd dbj ect

s a solid body and noves at a const aht spee he™l

- f or egrask ITEMES Bfiindd %&@ﬁdéveléﬁeea&ﬁ eAnknS T:Ji%%ﬂéxﬁ”a}@yma éxel S

- apart fromthe.original position in any given oreground
A conponﬂhmnﬁbﬂjebﬁIﬂdfmdniﬁ% For. example, when the image of the

object is horlzontally mov1ng w1th respect to the screen, a
-llne of plxels on the screen 1s selected as the llne of
consecutlvely arranged plxels..-

-FIG. 16 is a model diagram lllustrating-the pixel
values-of'arline of adjaceht'pixels'at the sahe-positioh':
.Vacross the. three frames developed in time axis, wherein the
"plxels form an image of the ob]ect of the statlonary |

'background. A frame #n is a frame subseguent to a frame
_ #nfl,“and‘a frame'#n+l is a frame subsequent to the frame
C#n. | | |
| Referrlng to FIG. 16 pixel values B01 through ‘B12 are
the plxel values of the pixels correspondlng to the
stationary- background object. 8Since the background ob]ect
'-remalns Stlll the plxel values of the correspondlng plxels_
-.remaln unchanged from the frame #n—l through the frame #n+1.
‘The pixel in ‘the frame #n and the pixel in the frame #n+1
-at ‘the same posrtlon as that of the plxel haVLng a pixel
”value of BOS 1n the frame #n-1. respectively have the pixel

g _value BOS.




fromthe left-hand side of the frame #n as shown in FIG 17 for the first
shutter time /v after the opening of, the 'shutter |slﬁ§§égmﬂgaggthe
‘ Si de

-~ foreground conponent of the sixth pixel fromthe |eft-hand as shown fn
~FIG 17 for the second shutter tine /v after the opening of the shutter is

also Flt/v. The foreground conponent of the seventh pixel fromthe
| eft -hand side as shown in FIG 17 for ‘the third 3 August 2005 - 53

“shutter tinme /v after the openi ng-ofi0t ke shutter and-the .foreground

conponent of the eighth pixel fromthe left-hand side as shown in FIG 17

~forthe fourthshutter—tinme /v —after—theopeningof theshutter are
side of the Mrans mrad RN Aaelan 17 e e AL PR ter 1o /v
he s STREROE Y Bt R PErETR. oY B Sa b O &R o The thi ro
Shutt &ihdddrerddméd | GEvLD6pLACERNE Ak LA SSNU Siydch ARE oty o INe

f oreground conponent o e seventh pixel ‘from as

el fromthe

- shown.a igt AlIGbaldk §@5uhdCanf OvhEN obgBUEL 8% W M J At md e pPeni ng of
2 - 1he 11ft pi

the shutter is F11/v. The foreground conponent .0

Cleft- herdisd ' BaHE A : f ory thae third shutter
left - herhisidRllgf ddheshewiafs aspshiewn. | UT'ﬁleGmoH%laﬁéllil{]%:;ﬂécg

time /v afteer the opening of the shutter is F10/v, -oregr ound

. conpordentrIaf. tlVe cxindiimps x@Icéfz@fnad[tbackgﬁ:buhan@;o&iﬂ%xﬁs shown in FIG 17
for the fourth -~ _ !

Since it is assumed that the foreground object is.a
Solid'bbdy, and moves af:a'éqnstant'Speed}_an§ the imagélof.
the fo:egfbﬁnd'appéars rightwardly by 4 pixels on the next.
frame as shown ih FIG. ‘17, the améﬁht of-mévement v is 4,

 .and‘thé.#irtu§l divisor number is thus 4. |

Fof example, the foreground compohenf of ﬁhé‘leftmost‘

:;pixeipin the fréme #n-1 as.showh in FIG. 17_fof the first
”V1Shuttéf time /v after the dpening,of_the-shutéex is F12/v,
and tﬁe foreground COmponént_of the second pixel from the .
.1eftéh§nd‘sidé as shown in.FIG.‘17 for the second shutter
:timef/vraftér_the opening of the éhutter is also Fl2/v.
The foreground component of the third piXel from the left-
hand side as sﬁoWn in FIG; 17 for the third shﬁtter time /v
| éfter the opening of thé‘shuttér and the foreground |
component of the foﬁrth'pixei from the left—hand side as 
shown in FIG. 17 for the fourﬁh shutter time /vréfter the
opening of the shutter become F12/v. o
o The foreground component of the leftmost pixel in.the

frame #n-1 as shown in FIG. 17 for the second shutter time




shutter time /v after the openi hg of the shutter is al so FIQv. The
f oreground conponent of the fifth pixel from the left'@ﬁﬂguﬁigﬁ as shown
in FILG 17 for-the fourth shutter tine /v-after the . openin o? %e shutter

. is FO9/v. Since the object of the background. is stationary, the

“background conponent of the sixth pixel fromthe. left-hand side of the
frame #n.-as shown in FIG 17 -for-the first 3 August 2005 .- 54 shutter
_time /v after the opening of. the_shatter. is B05/v. The background
conponent of the seventh pixel -fromthe left-hand side of the frane #n as
shown.. in-FIG .17 for the first and second shutter times . [v_after the

“opening of .the shutter is BO5/y, The background conmponent of the .eighth _
pi xel ﬁg’r S e TRFtOREREPY 82 %Pet ﬁg‘%% i Bl shovind nthel g 17 for the

irst | ird shu L / f . ‘ [ f th hut t. '
077 v AR G nBNERELRE] TBB) 8cPRe ity AR 1tk che LT BREA. i xel <

Lo g Sl e ] UL R TR ML s overes
el gl g b o g genen v e
B T PR S S

~shutteidel B Shdvh in FIG. 17 for the fourth shutter time /v -
| after tﬁe opening of-the'shﬁtter becomés fll/v.3 ' |

The foreground coﬁpohénf-df the leftﬁdst pixel in the
rframe'#nQI.as shown in FIG. 17 for the third'shuttér.time
'/v'after the opening of'the-shﬁftgr'ié‘FiO/V, and the
.foregfound component df the second pixei'from thefleft—haﬂd
side as showﬁ in'EIG.:17 for the fourth shutter time /v
 aftef the opening of the shutfef_is élsoﬁFlO/v. The
'f_:-forégréuhd_coméonent‘df therlefﬁmostfpixel,in the frame §n-
i“aé shown in FIG. 17 for tﬁe fotrth shﬁtter time /v after
‘the opening of ﬁhe shutter‘becomés FO9/v.
| Since the background‘object is still, the‘background
' cdmpdneht of‘the second pixel in the frame #n-1 from the
1eft—hand s;de:as shown in FIG. 17 for the first shutter
:time /v'isAB017v._.The background objeét'of the third:bikél
_ ftqm the leftQhéhd'side-of the frame #n-1 as shown in FIG.
17 for‘the sgcohdshutter,time after the opening oflthe |
shﬁttér is BO2/v. The background,bbject 6f ﬁhe fourth |
rpixelffrqm the left-hand side of-thé'framé #n~1 as shown in

FIG. 17 for the‘first through third shutter times after.thér




“-.one of FOl/v through F12/v. Since it is-assunmed that the foreground' object.
.isa solid body and noves at a constant speed and the %g@getg%QS'the '
foreground noves and then rightwardly appears on the 'neX ?? by 4
~pixels fromthe original -position in any given frame, the foreground
- _conponent of the, ninth pixel fromthe |left-hand side of the frane #n+l as

~shown in. FIG 3 August 2005. - 55 17 for the first shutter time /v after
_ the: opening of the shutter is F12/v," and the foreground conponent of the

tenth pixel fromthe left-hand side as shown in FIG 17 for the second

~shutter tinme /v after the opening of. the shutter is. also F12/v. The
_ _foregrepfdlsgnpbnthe shutherelisy@d/ypi xel fromthe |eft-hand side as shown
. in.FIG.17 for the third shutter tine /v after the opening of the shutter
and the.. ¥®releotnameokipodens dflltusstatedd tin (Fx@l 17yovhéhe left-  hand
side as shown in FIG 17 for the fourth shutter time /v after the opening
of thel@htest RiseF1£allsTid thdine driveunth maymoumedtanda + hendi thé pi xel from
~-the. left-hand side of the frame #nh+l. as. shown in FIG 17 for the.second
 shut t 1°59%2 FRrevglr ToNELBpRAKed soffname trautkefit-handidide &alilt he o
- foreground, component of the tenth pixel fromthe |eft-hand side as shown in
FI G f##hﬂnt%ﬁ?tWﬁ¥%ﬁsﬁﬁ??eWhFPﬁelﬁvaaFPMeRQQBhﬁﬁ#ﬂﬂﬂ?ﬁﬂ poetsbmtter is

SR IEAERERE Co R e R L
: _thrpﬁgh tWelfth.pixels}rfalling within‘the badkgrodnd area,
:.respéctively-have pixéljvaluéS'of BO4 fhrough B11l. |

In the frame'#n.as illustrated in'fIG. 17, the

leftmost thIOUgh_fifth'pixels fallrwithin_the foreground

‘area. In the foreground area of the frame #n, the
- foreground cOmponentifor;theﬁshutter’tiﬁe /v is'dne_df

FO5/v through F12/v.

Since it is assumed that the foreground object is a

_solid body and movesga£ a coﬁstant speed and the imége of

lthe foreground'moves éndlrightwardly'appears oﬁ the.neit

. frame by 4 pixels apart from the~originél‘position in any

" given framé, the_foréground'componeht of the-fifth pixel
__from fhe léft~hand side of the.frame #n as'shown‘in FIG. 1f
- for the fifst'shgtter time /v aftér-the bpenihg of the
Vshﬁtter is Flzlf,-aﬁd'the fofeground-coﬁponent of the sixth
_pixel from the 1eft-haﬂd side as shown in-FIG.'i7 for the

' Secondisthter time /§ after the openiﬁé;of the‘sﬁutfer'is
:élsoiF12/v. Thé foreground compdﬁeﬁt.of the seventh éixel

ﬁromrthe left-hand side as shown in FIG. 17 for the third




'-,s-hut,ter time /v after the opéni—ng of the shutter is F1l/v. The 'f‘ore'ground

u__conpOnent of the ninth pixel fromthe left-hand side o th&ﬂﬁbsge #n+l as

shown in FIG 17 for the third shutter tinme /v after t éu pen'ng of the

- shutter i's FIOQ v, and the foreground conponent. of the tenth pixel fromthe

| eft-hand side as shown in FIG .17 for the fourth shutter tine /v after

~ ~the opening of.the shutter is also 3jAugust 2005 - 56 F10/v. The
“foreground component of .the ninth piXxel from the left-hand side of the

. frame #n+1l as shown in FIG 17 for the fourth shutter time /v after the

opening of the shutter is F09/v. Since the object of the background-is

st at i opRnfterhbimpaéigrdting cheporeninf ahehentiupteel ahdonhehe | eft-hand

" .side of the frame #n+1 as shown in FIG 17 for the first shutter tinme /v

- after FpEegpeRRdgcempenenshotft &he eiglghy pixehetrmkigheuhdftehpodent of

the eleventh pixel fromthe |eft-hand side of the frame #n+l as shown in

FIG 19199rastsloynrip BRE-sddof@Ts e douttheshuttan ekimehévopeni ng of

"-the shutter is B10/v, The background conmponent of the twelfth pixel from
the | AtERantRe| AReNERIt AE FhENEDMAEEA@resfdiddin FIG 17 for the first
-through thiyd shutter tinges /v after the opening of the shutter is Bll/v.

I'n the frame $#ir SHOWRT Cereenent Pfe thendd Ttk igiel (hEIM tH9i xel s from

the | ofdebanghsl dealabt HhEMERER® 4 X80 205R M Fhd S fy opye g, backor ound

area.
second shutter time /v after-the‘opening of the'shuttér is

' Ell/v,_and the forégioﬁnd'componentgpf_thé sixth pixel‘ffomA
tﬁg'left—hand-side-as shown in FIG. 17 for the,fhird |
_shuttef'time /v after the openihg of tﬁe-shutter is-élso
Fl1/v. The forégrbund cOmpohent 6f the sevénfh pixel from
_1 the leftéhénd'side as shown. in FIG. 17 f6r the fourth
:_Shutter time /v after therppening Of thershutter-is Fll/v.
.Therforegrduﬁd compoﬁentfof the fifth pixel from the.
‘left-hand. side of‘the frame,#n-éé shown in FIG. 17 for the
third éhuttgrrtimé /v after the opening of the shutter is
F10/v, and the foreground_compongnt-ofrthe-sixth,pixél_from
the left-hand side as shoﬁn.in FIG. 17 for the fourth
‘ shutter time /v éfter,the opening'of the shutter is also
' F10/v. 'The foreground comppnent'of the fifth ﬁixai from
the left;hand-side as shown in FIG. 17 for the fourth
:shutte; time /v after fhe opehing of the shﬁfter is F09/v.
| Sinde the object of the'backgréﬁnd is statioﬁary, the
- background cdmponent of.thé‘sixth.pixel-frém theAléfﬁwhand-

w_gide of the frame #n as shown in FIG. 17 for the first




FIG 18 is .a nodel -di agram of ‘an i.nage in which the foreground conponent is
..extracted fromthe pixel values illustrated in FIG 1?3 FI%%Z' . 1S a nodel
- diagramillustrating the pixel ‘values of ‘a line of pixeﬁgmé e sane
~.position across three franes developed in tinme axis, wherein the object of
a still background and the object of ~a foreground noving 3 August 2005 57
rightwardly as shown are'captured;‘gHe_nDdel‘i]Iustrated,"in FIG 19
contai ns an uncovered background aréa. It is assumed in FIG 19 that . the
foreground object is. a solid body, and noves at a constant speed. Since

the image of the foreground noves and rightwardly appears by 4 pixels on
t he nesttutftemne;inde/ anafinerot heovprringy oifs the Firuteanpi®, B¢Heévf or eground
conponent of'the leftnost pixel in the frame #n-1 as shown in FIG 19 for
the fithst bagkgreund i eenpenahtenft bbeopemiendhofp itted sindm erhé s. F13/v, and
‘the foreground conponent of .the second pixel fromthe |eft-hand side as
shown IgfFl@ndig ¥dg efetBecbhamehiint 86 shown/ \imafftisd. tlk fpeniing of the
- shutter is also F13/v, The forgground'cOnponent of the third pixel fromthe
eft- Hafd ank secambvmhubter Eimgst v afserhithe: opendarg tahethe  after
t he opﬁging of, the shutter and the foreground conponent of the fourth pixel
f.rom EREYEEL I RP & e aEhe shavhgraurf ceompongntt pe ftdr gt ter tine /v
after t.he eni of. the shutter becgne F13/v. S T
_ pixel %%om'¥£e 1e£%—han s£de'ogrthe- rame #n as shown in
FIG. 17 for the first through third shutter times /v after
the opening:of the shutter is BO7/v. | |
' In the frameé #n shown in FIG. 17, the sixth through-'
eighth pixels from the left-hand side fall Withingthe'mikéd
area which is a Covefed'background;area) :
In therframe #n_showﬁ in FIG. 17;1the ninth through,'
twelfth pixels, falling-within the background area, have
respectively B08 through BI1l.
In the frame #n+1 shown in' FIG. 17, the leftmost
through ninth pixels from the left-hand side fall within
" the foregroundiarea} In the;foréground,area of the frame
#n+l, the foreground component for the shutter time /v is
one of F01/v through F12/v.
 Since it is assumed that the foreground object is a
solid bpdy-and'moves'at a constant speed and the image of
‘thg foréground,moves and then rightwardiy appears on the-
next frame by 4 pixelsrfrom'the original position in any
 given fréme, the foreground component of the ninth pixel

from the left-hand side of the frame #n+l1 as shown in FIG.




"~ pixel fromthe left-hand. side as showmn in FIG 19 for the second shutter

The foreground conponent of the 'second pixel fromthe left-hand side of
the frame #n-1 as shown in FIG 19 for the first shutter the%¢g after the
openi ng of the shutter is F14/v, and the foreground cong g ¥ the third

- time /v after the opening of the shutter is also -F14/v. The foreground.
“conmponent of the third pixel from 3 August 2005 - 58 the |eft-hand side as
shown in FIG 19 for the first shatter tine /v after the openi ng of the -
shutter beconmes F15/v. Since the background object is still, the

background conponent of the Teftnost pixel in the frame #A-- 1 as shown 1'n-
FIG 197' for the ieremdshhmewght&mewﬂvsﬁm&éﬁrtﬁén@?eﬁgng b$ BRB/V. The
background obj ect of the second pixel from  the |eft-hand side of the -
“franme #huttes iboﬂhQVn,Fhﬁd-the ﬂoregﬂunﬂdﬂd@h@wubﬁeuafhtﬁgutéﬁtht|nes
/v.after the opening of the shutter is B26/v. The background object 'of

the tpixelpfren themlefit-haht:- sadd sidestofwrt hin frBeE #n- toasthehown in FIG
19:for the fourth shutter time /v after the -opening. of the shutter is '

- B27/v.se¢ondhehuthar #ame 4y alfftest ticedpaniFdG dA X he hehuteétmist t hrough
“third pixels fall within the m xed area, which is the uncovered background
area. 4¥9nel{Eme Fhe- foaegrpnuétc@m@@nanuqaz e QIENemUMrphxehrough =

.tmelftpcplxels fall within the foreground
r the left-hand side as shown in FIG. - 17 for the thlrd

shutter time /v after the openlng of the shutter and the

foreground component of the twelfth plxel from the left-'~

' hand side as shown in FIG. 17 for the fourth‘shutter time -

/v after the opening'of the shutter are:Fiz/v,
The foreground'component of the ninth pixel'frOm the

left-hand side of the frame #n+1'as shown in FIG. 17 for

the second shutter tlme /v after the openlng of the shutter
is Fll/v, and the foreground component of the tenth plxel
from the left hand side as shown in FIG. 17 for the thlrd
shutter t;me /v after the opening of the shutter is also
Fli/v. The'foreground,component‘of the ele&énth‘pikel-from
the,left-hand_side as shown in FIG. 17 forJthe fourth
shutter time /v after the'opening‘of the shutter is‘Fllfv;
The foreground component of the nlnth plxel from the

'left hand side of the frame #n+l as shown in FIG. 17 for

“ the third shutter time /v after the openlng of the shutter

t is FlO/v, and the foreground component of the tenth plxel

" from the left-hand 51de as. shown in FIG. 17 for the fourth-

shutter tlme /v after the openlng of the shutter is also



area. The foreground conponent in the frane is one of - F13/v through F24/v.
JIn the frame #n as-illustrated in FIG -19, the. Ieftnns§A+€6§g@ 5fourth

pi xel s fall within the background ~area, and the pixel valtues thereof are
respectively B25 through B28.- . Since it is assuned that the foreground-
object is a 3 August 2005 - 59 solid body and noves at a constant speed and
the i mage of the foreground noves %d rightwardly appears onthe next..
.frame by 4 pixels fromthe original. position in any given .frane; the

f oreground conponent of the fifth pixel" fromthe |eft-hand side of the

frame #n as shown in FIG 19 for the. first shutter time /v after the
openi Nl &f vt heTkufo regreounfl dbwmpoaethtt loef fudreegrintnl sog@DNEAbMOf the
sixth. pixel from the |eft-hand side as shown in FIG 19 for the second"
‘shut t eé¢he  heftvhandesidaeofpehendramet Ha+dhuist evhdun alsFIF131Y. The
. foreground conponent of the seventh pixel fromthe |eft-hand side as shown
in FI gongtherioweth hhatsaut témet i/we afi eaf ttdre tdpeermjgeniod) diiet he shut'ter
- and the foreground conponent of the eighth pixel fromthe left-hand side
as shoWb%eriis B f6r the fourth shutter time /v after the opening of the
shutter are F13/v. The foreground conponent of the sixth pixel fromthe =
| eft-hand sd¥Sithneiere 9 BReshawkoraupricisi gteddansry i rshe shutter.
‘tine /v after(}he openi ng of the shutter is e N '
.~ background componen of the tenth pixel from the left-hand .
side of the frame #n+l as shown in.FIG.‘lj‘for'the'first
shutter time /v after the opening of the shdtter_is 309/9,
'_The background component of the eleventh pixel from the
'leit—hand side of the frame'#n+1 as shown in FIG. 17 for
the first and seébnd shutter times /v after the dpening of
the shutter is B10/v. 'The-bdckground ¢§mponéht of the |
twelfth pixel from the left-hand side of the frame #n+1 as
shown in FIG. 17 for the first through third shutter times ‘
/v after the opeﬁing of the shutter is Bli/v.
_ In the frame #n+1 shown in FIG.-17,'the tenth_throﬁgh
twelfth pixels from the left-hand side fall within the
‘mixed area which is a covered background area.

FIG. 18 is a model.diagram of an image in which the
'7f0reground'comppnent is extracted ffom the'pixel values
 ;111ust;ated in FIG. 17.

FIG. 19 is a model diagram illustrating thé‘pixel.

‘values of a line of pixels at the same position across

' three frames developed in time axis, wherein the objedt of

a still background and the object of a forégrouhd moving




~Fl4/v, and the foreground conmponent of the seventh pixel .fromthe ,

| eft -hand side as shown in FIG 19 for the second ‘shutter time /v after

"~ 'the opening of the shutter is also F14/v. The foregrou%&“@ﬁﬁﬁgﬂ%nt of the
“ei ghth pixel from the left-hand side as shown in.FIG 19 for the first

shutter tinme /v after the opening of the shutter is F15/v. .Since the

~ Object of the background |s_statronﬁéy t he 3 August 2005 - 60 background
conmponent of the fifth pixel fromt Feft-hand side of the frane #n as

shown in FIG 19 for the second through fourth shutter times /v after the

opening of the shutter is.B29/v. Thé background component of the srxth

pixel fightvaedleféas-shodnshde ehptheelameién mshowhserit&y 19 for the
third and fourth shutter tinmes /v after the opening of the shutter is

- B30/ v: in TAEG batkgrowtbalinsnponantovetetihbaskegiundiageda f rom the | eft--hand
side of the.frame #n as shown.in FIG. 19 for the fourth shutter tinme /v
after = the Dpets nas wimedeishBIGer 10stBat/ thel fotrdeeydoane dtnechovmsl nFlG
19, the fifth through. seventh pixels fromthe |left-hand side fall wthin
'the nikeP bkt dody chand moveseabdabackgtentdspeed . |18 it frlaere #n shown in
FIG 19, the eighth through twelfth pixels fall within the foreground
ar ea. IFH%J‘?)rg(fel glrelferﬁzmrwndfowgsoand ‘nightwardiy fapgrestrs flor 4 he
shutter, tine Iv is one of F13/v through Fla/v. The | ef t nost through erghth
- pi xel é)ﬁ)ﬁaltsné)q rdfe nepfyiframe, the amount of movement v.is 4.

For. example, the foreground component of the leftmost
plxel in the frame #n 1 as shown in FIG 19.for'the flrst
shutter time /v after the openlng of the'shutter is FlB/v;:

~and the foreground component of the second plxel from the
left-hand side as shown in FIG 19 for-the,second shutter
'-tlme‘/v-after the opening of the shutter‘is alSO Fi3/u
-The foreground component of the thlrd plxel from the 1eft—
hand 51de as shown in FIG. 19 for the third shutter tlme /v
after the opening of_the shutter‘and the foreground f
component of the fourth pixel from the left-hand side"as '
shown in FIG. 19 for the fourth. shutter time /v after the
openlng of the shutter become F13/v.
~ The foreground component of the second pixel-from the
"left-hand side of the frame #n-1 as shown in FIG. 19 for
.-the first shutter time /v after the openlng of the shutter
T is F14/v, and the foreground component of the third plXEl
'from the left-hand side as shown in FIG 19 for the second
'--shutter time /v after the opening of the shutter is also

: F14/v. The foreground component ‘of the third pixel from




‘as shown in FIG .9 belong to the background area, and the -pixel val ues
‘thereof are. respectively B25 through B32. Since it is assuned that the

f oreground object is-a solid body and noves at a const%ﬁﬁ9@§§Q95and t he
i mge of the foreground. noves and then rightwardly appears. on the next
frame by 4 pixels fromthe original position in.any given franme, the

. f oreground conponent of the ninth pixel 3 August 2005 fromthe |eft-hand

side of the frame #n+l.as shown in FI'G™ 19 for the first shutter tinme /v
after the opening of the shutter is F13/v, and the foreground conponent of

“the tenth pixel fromthé [éft-hand side as shown in.FIG 19 for the second ~
shut t ethei fefitvhahtes itdee agpestiown dfn tHES shld t Bsri sheakF$ps€13/ v. " The '

"~ foreground conponent of the eleventh pixel fromthe.left-hand side as

- shown shukter t@meor/ vt adteh rthe sipdntierg tafretley siidetet heeopeasng of the
~shutter and the foreground conponent of the twelfth pixel fromthe |eft-
hand sF88/%s shown in FIG 19 for ‘the fourth shutter tinme /v after the
‘opening of the shutter are F13/v. .The foreground conponent- of the tenth

pi xel from $heceetienhpgkgraangds objiects die sl asthhdwarkgrey®l 19 for.
,the first-shutter time /v after. the opening of the shutter is F.14/v, and
the fofePPOURAtcBRpbhEntestmoRs Plidpdnim thsdranon-he aefshewnd side as
~shown in FIG ig.for tne second shutter tine /v after the opening of the
shutt etPi ELG 5 L3 E2¥/ The gRreopdr &Grousd Lomgdiethwitahe 1@ 14 pixel from

Ihe |e{§'§§§ﬂv§'dfhgsbggﬂ&QbLHth je% E%r' %?ggégﬁdfpixél from

fthe left#handlside of the frame #n—l'és shown ihfF;G.'iQI
:lfor_the third and fourth shutter times'/v‘aftér the oﬁening"
-of the Shqﬁtef is BZE/V. The backgréund'obgect‘of the |
' -fhird pixel from thejleft—hand.side-of‘the'frame.#n-l as
shown in‘FId..iQ forfthe fourth Shutter tiﬁé /v after the
openiﬁg of the shutter is B27/v. ‘7 -
- In the frame #n-1 as iliﬂst:ated in FIG.-19, ﬁhé 
-_1¢ftm°ét thréugh third pixels-féll within thé.mixed area}
which is the uncovered background.éfea. | |
. ;n‘the fiame'#n—l as illustrated inﬂFIG. 19, the
' fourthlthrough'twelfth pixels fall within the foreground o
area. Thé foreground cqmponént in the fréme is one of"A
“"F13/V'through F24/v. o
77 In.thé frame #n as illustxa£ed in FIG, 19, the
1éftmost through fourth pixels fail within the background
érea, and the-pixél values fhereof are respécﬁively B25
through BZB; |

Since it is assumed that the'foreground object iS a




shutter tine /v after the openrng of the shutter is F15/v. = Since the
object of'the background is ,stationary, the background, ¢conp of the’
~ninth pixel fromthe Iettehand side of the frane #n+1 S%REW5&28&%'F16. 19°
for the second through fourth shutter tines/v, ; after the opening of the
'shutter is B33/v. The background conponent of the tenth 3 August 2005 -- 6
2 pixel fromthe left-hand side of .the frame #n+1 as.- shown in FIG 19 for
the third and fourth shutter tines PV after the opening of the shutter is
.~ B34/v. The background conponent of the eleventh pixel fromthe |eft-hand

side of the.frame “#n+1 as shown in FIG .19 for the fourth shutter tine /v

af ter shkidpeadngand nbeeshatt ar consBiwty spged hend reie@ #agde Sbpwn in FIG.
19, the ninth through eleventh pixels. fromthe left-hand side fall within
t he nﬁ&%dﬁ%x%orohn@hmoseanandcotgh&dahdd&gm@p@inswﬁn dire thext r aire. #n+1
shown in FIG 19, the twelfth pixel. falls within the foreground area. The
f or egrigiee }éibn‘bcmwm nfrom tbeegrdgridadr easiin itome ifir amey #nikded or t he
shutter time /v is one of F13/v through F16/v. FIG : 20 i s a nodel diagram
of an §4fRRy ithenfRFegheundregnpanantonfotdet fiftéx priastleffammlide

- pi xel |IIustrated in FIG 19. Returning to FIG 4, the area.
rte?ria}hw

deter e the xErang) fiasasf shopnuial FIE.ofl o areghaand
assoc&a & c |er th a flag indicating which one' of the foreground
. ~ er time /v after the opening of the shutter is :

F13/v, and the foreground component of the. 31xth plxel from
the left hand 51de as shown in FIG. 19 for the second
shutter time /v after the openlng of the shutter is also-
'F13/v h The foreground component of the seventh pixel from‘
" the left- hand side as shown in FIG. 19 for the thlrd
shutter time /v after the openlng of the shutter and’ the
foreground component of the eighth plxel from the 1eft—hand
side as shown 1n FIG 19 for the fourth shutter tlme /v
"after the 0pen1ng of the shutter are F13/v
The foreground component of the 31xth plxel from the
1eft~hand Slde of the frame #n as shown in FIG. 19~for the
-vflrst shutter time /v after the opening of the shutterlist
"Fl4/v, and the foreground oomponent ofrthe-seventh pixel
from the left-hand side as shown in FIG. 19 for the second
shutter tlme rv after the opening of the shutter is also
::F14/V The foreground component of the elghth pixel from
thelleft hand side as shown in FIG. 19 for the first |
*_Shutter time [v after the opening of the shutter is F15/r.

Since the object of the background is stationary, the




“area, the background area, the.covered background. area; and the uncovered
~.background area the pixel. belongs to, and .feeds the f ‘area
information to the m xture ratio calculator 104 and thgﬁﬁggégﬁaﬁlur
adj uster 106. Based on the pixel values in the plurality of franes and the
area information, the mxture ratio calculator-1 . 04 - 63 calculates the
~mxture ratio-a for each pixeL-cont%ined in the mxed area, and feeds the
calcul ated mixture ratio a-to ,the PoFeground_and.backgrouhd'separator
'105. Based. on the pixel values.- in the plurality of -frames, +the. area -

information, and the m xture ratio a, the foreground and background
separ adbarkqgosundt campsnehe bdr édeodrid tho priordantf samagehd ol eed-kbnd he
- foreground. conmponent only, and supplies the notion blur. adjuster 106

. with 3hdefofegheufidavenponest showge inTHI GrotliSorfdyt wheadjerstred 106 adj ust's

- the anmount of notion blur contained in,theforeground conponent i mage, _
based Whrewghf pegtbualiutbapohdmesi fge fseppitihed oreorindieo £ foregr ound and
. background separator 105, the notion vector supplied.fromthe notion

det ect?hutber BHdBIHEVar eBhei haskaueod soppoinests cdmtitee skxth det er ni ner
103,  and outputs the foreground_conponent' i mage with the anount of notion
'qur'tﬁkﬁ%ﬁﬁféémL%?%d;efﬁe-ﬁ?@cﬁé@eopftﬁéesﬁgﬁﬁﬁ Flo@ss §drowrp ¥mr  adj usti ng
.the a t, tion blur. is discussed belowwith reference to .a flow

di agr ;ﬁiﬁ Iﬁgstf‘g]feﬁl?n kied and %—ﬂugt‘- pSBytteghimes /v after the -

~ opening of the shutter is B30/v. . The'béckground'component
.'6f‘the seveﬁth pixel from'the ieftehand;side of the frame
#n as showﬁ'ianIG,'IQ for therfoufth shutter timé /v aftef
the bpeniﬁg of the shutter is B31/v.

In the frame #n shown in FiG; 19, ﬁhe fifth through
sévenfh;pixelé ffom'the leftnhand side_fqll &ithin fhe
.miXEdrérea which is a ‘covered background areé._ |

In the frame #n'shown.in FIG. 19, the gighth thrbugh
ftwélfth pixels fall within the foregfbund area. The pikei
-vaiue_in the foreground area in.the‘framer#n‘for the
shutter timé /v.is one of F13/v thfough.fiofv,

The leftmost'th;ough,eighth pixels in the,frame'#n+1“
éé shown in EIG; 9 belong to the background area, and the B

' pixel vélues thereéf aié!réspéctively B25Ithrough_B32;

Since it.is assumed that théfforeground object is a

.solid‘bédy'ahd‘moves at a constant speed and the‘image‘of
the.foreground_moves and fhen rightwardlyrappears on the
' next frame by 4 pixels from the original positioh in any

given frame, the foreground component of the ninth pixel




-~ area determ ner. 103 perforns the area determination process in response to.
"the input image to generate the area infornmation mhlch3hg§“ﬁ 3pg§s which one

of the foreground area, the background area, the covered ground area,

- and- the uncovered background area, each pixel of the input 3 August;2005
64 image bel ongs to.  The detail of the area determ nation process will be
~discussed later. The area determner 103 supplies the mxture ratio. :
calculator 104 with the generated-area information. In step S11, the area

~determ ner 103. may generate the ared &nformation for each pixel of the

i nput i'mage based on the input inmge concerning, which one of the '
foreground. area, the background area, and the mxed area (with no .

Kk h d
-S;iL;,PS%n at?‘@%?l%ééhﬁaﬁué e%%f’%ﬁgﬁﬂf- %ﬂ%ﬁ*e&g?ﬁg‘ga amé&%%&i@%ﬁ?éﬁ; on -
' d Kk ar at.o an e
- 2Lt}2ﬁ Iur ;%ﬁ%g@f 12321 e?%#%%g éﬁegﬁggctgégugygiegﬂeg §hﬁhe covered -
gbaCkgrQﬂﬁﬁﬂﬁh?%sﬂFij%L‘ YeLRd P§f5§%8Hﬁ C%&ﬁ%angt 1% gngggtrltﬂgt

o foreground area,- the m ‘xe area and arear at
- order igi@hi gnr&nttﬂ@ tihe e g gl 1 f& 0fs Of 6&9& ﬁmtg\z VE! For LS m xed area
‘is determined to be the covered groun ar ea ac ground ar ea,

the nise@oe@huditdd fthrfé)r/&gra%hf@r af I8 @ﬁ&ﬁﬁ&%ﬁeéhb“sh%%r der in
‘-allgnnent wWwth the direction- -
' also F13/v. The foreground component of the eleventh plxel :
from the left- hand srde as shown in FIG 19 for the - thlrd
shutter tlme /v after the openlng of the shutter and the,
foreground component of thertwelfth plxel from‘the left—
-‘hand Side as shown in FIG. 19 for the fourth shutter time
'/v after the openlng of the shutter are F13/v.
- The foreground component of the tenth plxel from the :
left hand side of the frame #n+1 as shown ln FIG. 19 for
,the first shutter time /v after the openlng of the shutter
_ls F14/v, and the foreground component of the eleventh
pixel from the left-hand side: as shown in FIG. 19 for the
second shutter trme /v after the opening of the shutter is
also Fl4/v. . The foreground component of the twelfth pixel '
from the'leftfhand side as shown .in FIG. 19 forptheAfirst-
shutter time /v after the opening of the shutter is Fl5/v..
| Since the object of the background is statlonary, the‘

background component of the nlnth pixel from the left- hand

side of the frame #n+l as shown in FIG. 19 for the second

through fourth shutter times /v after the,opening of the

shutter is B33/v. _ThE'background component of the tenth




of "the notion vector, the m xed area is determned to be the' uncover ed
‘background area. In step S12, the nmixture ratio caIculaégﬁg&gioﬁglculates
"the mixture ratio a for each pixel contained in the nixe area based. on

~the input. imge and the area 3 August 2005 - 65 information.. The process
for the calculating the mxture ratio will be detailed |later. The m xture
ratio cal cul ator -104 supplies the foreground and background separator 105
with the calculated mixture ratio a. In step S13, the foreground and
background separator. 105 extracts Ghe_foreground'conponent "fromthe

i nput i mage based on the area. information and the mixture ratio a, and.
-supplies the notion blur adjuster 1.06 mﬁth the calculated nixture ratio

: zé IO SV IBh ém%%gg B%{l{é ust é ‘_:enr:leratn'e% th% urv)vi't of .
proces ng of " pi%er ef ﬁr? nh Ehéndilr 88t SHRWH iFovenent
E?iﬁgs?."fn%“?f‘”#f ”tpl.Yeié'%lé’iF%S?ee Eguf f%&éﬁégﬁ LREFcdr Pt teRe Tiage whi e
 and U hshE L ﬁ%a}in‘%'?%%‘iégdﬁ%@?‘?%&??ﬂﬁ BreRoRPag EPPOReRE uot s the
- fothe AT L“"‘%@a’?‘%t%hs?“@i fri DR DT TRt ER A

WDthﬂ#&HQrd@|dhd%h(¥ﬂf¥ﬂéxiiﬁ“fﬁr the fourth shutter time /v -

after the openlng of the shutter is B35/V.
. In the frame #n+1 ‘shown in FIG 19, the ninth through
eleventh plxels from the left-hand side fall w1th1n the
mixed area which is an_uncovered background'area.
| In the frame #n+i “shown in FIG. 19, the twelfth pixell'
Afalls w1th1n the foreground area. The‘foreground component
in the foreground area 1n the frame #n+1 for the shutter
tlme /v is one of Fl1l3/v through F16/v
FIG. 20 is a model diagram of an 1mage in nhich the-
foreground component is extracted.fromrthe pixel values -
.‘illustrated in FIG;‘19. | | )
'Returning to.FIG}_4; the;area determiner 103-usestthe
pixelrvalues of a pluralityrof frames, and associatesreach
. bixelrwith a-flag indicating which one -of the foreground |
area, the background'area, the covered background area, and
the uncovered background area the pixel. belongs to, and
A‘feeds the flag as the area 1nformat10n to the mlxture ratlo

calculator 104 and the motion’ blur adjuster 106.

oo ...  Based on. th&@lxeLJLalues lnwilhe__p.l_u.ga_lg__ty_gﬂﬁ_ﬁrames-m-_

and the area 1nformat10n, the mlxture ratlo calculator 104




“I'n step S15, the signal processor '12 determ nes. whether the notion blur

~adj ust ment process has ‘been conpleted for the entire Sér%ﬁﬂazﬁb nitis
determ ned in-conpleted, the' process |oops to step-sl4 which the 3 .~
August 2005 - 66 adjustnment process of the anpunt of notion blur is

repeat ed for the foreground conponent corresponding to the unit of
processing.. The routine ends when it is determined in step S15 that the
not i on qur ~adj ustment process is conplete. In this way, the signal
processor 12 separates the foregreusd £romthe background

and. . adj usts. the .anount of notion blur contained in the foreground

- Specrflcally the signal processor 12 adjusts the amunt of -notion blur

t data which is th | value of th | of the
Cor o e AL R RO abS ol B Bl ol G, diriaFa i S
M Xt ur e At O & gyégiogn%0§9639e hgr&di 2 E%&%@Mﬂla S SEpaﬁ§§g[ogg5{

and t'he notion bl atlj us 8P&ch
FET Nt By s e o et
memory 200 ﬁgﬁaanfge% nyrxégeag%gg oTh' £n8' pi LRUT 1 ey B Rale® # 1S
the area information, and the mixture ratio a, the |
foreground and background separator 105 ‘extracts the
foreground_component image formed of thelforeground_
component'only,'and supplies the motion'blur adjuster 106
‘with the foreground component imagei'

‘The motion blur adjuster 106 adjusts the amount-Of'
'mOtion'blur containednin the‘foreground component inage,
'based on. the foreground component image supplied from the -
foreground and background separator 105, the motion vector
supplied from the motion detector’ 102,.and'the'area

information supplied from the area determiner'lu3, and
V_Outputs“the foreground,componentninage with the amoUnt of
; notion blur'thereof adjusted.,

Theiprocess-of the signal processor 12 for adjusting
'the amount‘oi motion blur'is discussed below'uith reference
to_a flow diagran illustrated in FIG. 21. In step S11, the
area determiner 103 performs the area determination process
in response to the input image to generate the area |

information Wthh indicates Wthh one of the foreground

r-,,@;g@i,i;ngﬂb.a_jsgrgimd._ar_ea.,_ _the. c,o;rered.,,,hackgr.omd_.ar%.____and S

the uncoVered'background_area; each pixel of the’input




frame #n-2 which is. input ‘two franes earller than t he frane ~in, -aframe
#n-1 which is i nput one frame earlier than the frame #§A;§&ﬁébb e #n, a
“frame #n+l which is input one frame later than the frane : a frame
#n+2- which is input two franmes |ater than the frane. #n. 3,August,2005 -
67 A still/nmovement. determner 202-1 reads, fromthe frame menory 201,
the pixel value of a pixel in the frame #n+2 at the sanme position as that -
of ‘a pixel .in the image to be determined for area in the frame #n, and the
pi xel value. of apixel in the framee#n+l at the same position as that of.
the pixel in the image to be determined for area in the frame #n, . and
cal cul ates-aft absolute value of a difference between the read pixel
1_det erm nes whether the

;gggﬁﬁtegﬁﬁtﬁ§%éﬁiﬂgydlfpg?% % £Be?mggzgﬁﬁea5?§ePevgﬁmaﬁﬁiﬁfhe franeh
o2 Yredds Rl o HeeSlells [RREE ol Srel SRV ELm I 133,05 1

redet erm ned-
l?ﬁ?g;gﬁp ket GHE3mfﬁ%ﬁ%é“f%ﬁf&Ugaféuigﬁogribgr%Q%ﬁ_t%egreaterFhén
o ,generated!area information. | ' |
| In step Sll, the area determlner 103 may generate the
area lnformatlon for each plxel of the input lmage based on
the_1nputJ1mage;concernlng,whlch one of the foregroundiarea,
‘the background'area, and the'mixed area (with_no |
distinction'made:between the'covered background area and-
the uncoveredlbackgrOund‘area) each pixel belongs to. 1In
thie Caee, based on the direction of the motion vector, the
foreground and background separator 105 and - the motlon blur
~adjuster 106 determlnes whether ‘the mlxed area is the |
covered background area or the uncovered background area.
For example, when the foreground ‘area, the mixed area, and
the hackground are arranged in that order in alignment with
the dlrectlon of the motlon vector, the mlxed area is
determlned to be the covered background area. When the
background area, the mlxed area, . and the foreground area’
are arranged in that order in allgnment with the drrectlon
of the motlon‘vector,rthe mixed area is determined to be
the uncovered background area. |
In step 812 the mixture ratlo calculator 104

__.,‘MA_L.ar“_Jngllate_sL _the mixture ratio.a for. each pixel.contdined in— . ___

the mlxed area based on the 1nput 1mage and the area




. Th, the still/nmovenent determ ner 202-1 supplies an area-determ ner 203-1
wi-th a deternination:indicating a novenent: Wen the stékké&gﬁﬁggnf
det erm ner -202--1 determ nes that the absolute value of t erence is
equal to-or smaller than the threshold Th, the still./nmvenent determ ner
202-1 supplies the-area determner 203-1.with a deternination indicating
~stillness. .. Astill/novenent' determ ner 202-2 reads, fromthe frane -
~menory. 201, the pixel value of"a pixel in the frane -#n+l at the sane
position as that. the -pixel n heimggiee. . to be determned for area in-
~the franme #n, and the pixel 3 August 2005 - 68 value of the pixel in the
image .to be detern1ned for area in the frame #n, and cal cul ates the
absol ute valug .of a difference between the pixel values. The still/novement

det er nitREPTBF2-10 et SR RILGHRT HERT 1 Hle apaLrulat iR Eher MiKKBTE: f f er ence
in 1o BREAPer iaRed ‘éﬁaa&&e%cﬂ%”a”et Fhig i PaeE oREAS: rTetTetProvenent
e e B A Ml o B b Fah bbb =
-z:fz'r;ag%nr'a@rﬁalcﬂﬁ%%fe@a@nﬁl:;cvté;%sr o o oL oy ot o b ner
1 202-2 deterfh”@ﬁept§§§ ttﬁe foreground and background separator
105 extracts the foreground component ‘from the lnput 1mage
based on the area 1nformatlon and the mlxture ratlo o, and
Supplles the motlon blur adjuster 106 w1th the calculated
mlxture ratlo «. 7 |
~ In step 814 .the motion blur adjuster-loé'generates
;the unit of proceSSlng of plxels consecutlvely arranged in
i'the-dlrectlon of movement based on the motlon-vector and
the area 1nformat10n, wherein. the unit of proceSSLng of the
' plxels lndlcates the 10cat10n thereof 1n the lmage while
belonglng to one of the uncovered background area, the
foreground area, and the covered background area. The
motlon blur adguster,lOG adjusts the amount of motion blur
contained,in the foreground_component-corresponding to the
unit of'processing.- The adjustmentrprocess-Of the amount
of'motiOnpblur'will be detailed later.
- 1In step 815'7the'signal processor-12 determines
“whether the motlon blur adjustment process has been

completed for the entlre screen. When it 1s determlned in

_ __________________ step S15 that the motion blur. ad]usj:ment__prgcess is not yet

completed, the process loops to step Sl4 _1n which the




absol ute val ue of the difference is edual to or smaller than t he t hr eshol d

Th, the still/novenent determner 20.2-2 supplies the gr P8§n1ner
203-1 and an area deterniner 203-2 with-a deternination |n E
stillness,.. A still/novenment determ ner 202-3 reads, fron1the frane‘

menory 201, the pixel value of the pixel in the inage to be deternined for
area in the frane #n, and the pixel value.of a pixel-in the framne #n-1 at
the sane position as that. of the pixel in the image to be deternined for
area in the franme #n, and cal cul at eggthe absolute value of a different

bet ween t he read plxel val ues. The still/novenment. determ ner-202"3
det er mi nes whet her the 3 August 2005 - 69 absolute value of the difference

betmeen th i xel value of _the frame #n and the pixel value of the.frane
#n-1 i & “@Igﬁ Hl%?é%?%%@%r@b%t@ﬁw%opf Hrekhon dbiar WHemephated

stiII/gDveqsgg eterm ner 202-3 determines that the absolute val ue of the,
di f f er &Rce éﬁHEDWQQﬂFQWRPHQWNe%?ﬁﬁ%ﬁﬂ?ﬁd%%ﬁ k@i thenBodékeat det er mi ner
202-3 ﬁggﬁlles t he. area determ ner 203- 2 and an area determiner 203-3 with

. a dete SCrONY i*ndi'cati ng a nmovenent.. When the still/novenent determ ner
of the difference 'is equal to or.

I Per ™t hahBrEobihs, gheTHI ”%Yﬁ'?’m d e FRFI202 3
ol e A e A B BAFLEE P 20 W
In thlS way, the 31gnal processor 12 separates the | |
'foreground from the background, and. adjusts the amount of
motion blur contalned-ln the foreground Specrflcally, the
151gna1 processor 12 adjusts the amount of motion- blur
contained Jin sampled data Wthh is the pixel value of'the
-plXEI of the foreground | - |
The constructlon of each of the area determiner 103,
the mixture ratlo calculator 104, the foregroﬂnd and
;_background separator 105, and the motlon blur ad]uster 106
‘1s dlscussed below. | |
FIG. 22 ls_a blockldiagram-illustrating the
. oonstruction of:thefarea determiner[103.. The area
;*determiner 103_illustrated in FIG.l22 ises no motion veCtor.
A frame memory 201 stores the ihput imade in units of frame.
lwwhen a frame #n is processed the frame memory 201 stores a
Aframe #n-2 whrch is. 1nput two frames earller than the frame
#n, a frame #n- 1 whlch is 1nput one frame earlier than the
frame #n, the frame #n, a frame #n+1 whlch is input one

— f_r_ﬁll}.ﬁ la-_t_er than the f rame.. #n, -and--a- ﬁrameu#nﬂwlﬂ;eh—r% 7*7777*777; S

",lnput two frames later than the frame. #n




A still/novenment determ ner 202-4 reads, fromthe franme nenory 201, the-

pi xel value of the pixel in the frame #n-1 at the sanme,posit.i as-t hat' of
~the pixel inthe image to be deternmined for area in thgaFﬁgﬂéE@ﬁ, and t he
pixel value of a pixel in the frame #n-2 at the. same position as that of
"the pixel in the image to be deternmned for .area in the frame #n, and
cal cul ates the absol ute value-of .a difference between the read pixel

val ues. The still/novenent determ ner 202-4 determ nes whether the .

absol ute value of the difference hetgeen the pixel value o the frane #n-1
and. t he pi xel .value of the frame #n-2 is greater than the predeternined :
‘threshol d Th. Wen the 3 August 2005 70 still/novenent determ ner 202-4
det er-ni nes that.tqurabsolute val ue, of the difference is greater than the

‘threshol d TH SHe YMYSHRR/e finteHRiRe i 482 -doveadguprrBs thke area
det’ ' 3-3 W th.a determnation indicating a mvenent. Wien the
s"(tei F{'Tn%?é%em@&%e%%e&%ﬁhx !t‘é";‘]]n’;“ﬁeé t‘ﬂianf‘ﬁé &ésnﬁﬁ &EX¢®eue of the
Sdi ff IS 1al t . | | than the_threshol.d . .the :
slt‘ i | Ie; %&?ﬁ?}t -‘t&%?%?’-‘rlnnen rc’0 t;ﬂ?fl séfeé)pp?% - Yhe?aPdie; déf‘elﬁlenéf“aﬁé’B--B with a
- det iy ' L.ndi_cat | N iJ SS., . e still/ ment. _det er m nat-i on
_p?os{degﬁ%tggﬁgﬂggﬁﬁf#?%%ééE%%%Fdé%€?¥$ﬁ§$%ggzgﬁLiﬁagggﬁgspéfﬁ | ness anh
whien tha 1%l el GOyt PLHdN AL OVALeEBYshRE BhELEABRVEIENt
~deterniiner 202-2 i'ndicates novenent, the o o
S that of the pixel in the image to be determined for area in

_'che.ffame #n, and.calculates;an‘absbiute value of a
‘differeﬁce between‘the_fead‘piXei'Vaiues._'The |
:Stilllmovement-detérminér'502—1 determines whether ther_
absqlute value of the difference betweén‘the pixél_valuerof
the frame #n+2 and the pixellvalue of the‘fréﬁé #n+1 is |
g;éaterfthan a predetérminedfthreshqld Th. When the
still/movement detérminéf 20#—1 deﬁefmines tﬁatrthe-"

' absolute value of thé'diffetence-is gréater than threshold
',Th; the sfill/movémenf'determinér 202—lrsupplies an areé '
detérminer 2b3f1 with a déterminétion indicating a movement ;
'When the étill/movément‘déteﬁminer 202-1 determineé[that-
the absolute value of the differencelis-equal to or smaller
than the thfeéhdld Th, the stili/ﬁoﬁemént determinef-Zoz—I'
:sﬁpplies the area déterminer:éOB—l,with a'determiﬁation
indicatingfstillness. | ”
A still/movemeﬁt'determiner 202¥2reads,fromthe‘
fféme memory;201,ithe pixel Vélue of a piXelrin the framé

#n+l at the-same‘position as that_of the pixgl;in;the_imaga__;wwyww;W

to ‘be determined for area in-thé'frame'#n, and the pixel




,area,deterniner’203-1 determ nes that -the pixel to be deternined for area
inthe frame #n fall within the uncovered background, §ﬁ|g@ % :

"~ uncovered' background area determ nation flag for the piXe obe etern1ned

- for area  to "1" to indicate that the pixel belongs to the uncovered :
background area. \Wen the still/nmovenent. determi nation provided by the
still/movenent determ ner 202-1 indicates novenment or when the :
still/movenent determination provided by the still/novenent deterniner
202-2 indicates stillness, the area @aterniner-203-1 deternines that the -
pi xel- to be determ ned for area in the frame #n does not fall within 3
August 2005 - 71 the uncovered background area, and sets an uncovered

backgr termnation flag for the pixel to be determned. for area
o e Y ESE PR TREET, 18" pheinage, o rncrmned ok e od
- backgroyp r ar t 3-1 fe ds t he uncovere ' ~
backgroung; a‘?eﬁﬁa %r Irlﬁng o‘% iFﬁgaé%&P t% & @bs "d:re Rl of 1.

..determﬂ%f%ﬁ%é;‘gc\)/;é%‘g%&g %%ag‘fxgﬁl Vot ue gﬁen&henﬁm é‘l}g%g’p“\é:erﬁgltcates

det er mi nat'1 on
. ed b h :
S| nemseauntnabionibe sbittatRueTRAL ARLORB AN BOVASD B Lhe,

203.2 iRt dfial So6uebitnd OpPee1 IGRELE B3I LHY ik Ifhyhe frame #n

falls withinastill
: _and the plxel value of the frame #n is greater than a -

.predetermlned threshold Th. When the stlll/movement

determiner 202 2 determlnes that the absolute value of the

dlfference 15 greater than the threshold Th, the'

'stlll/movement determlner 202-2 supplles ‘the area

determlner 203-1 and’ an area determiner 203 2 w1th a
'.determlnatlon 1nd1cat1ng a movement 'When'the'

stllllmovement determlner 202-2 determlnes that the

absolute value of the dlfference is equal to or smaller'

than the threshold Th, the stlll/movement determiner 202-2
supplles the area determlner 203-1 and an area determlner
203 -2 with & determlnatlon indicating stlllness-;
A‘A_still/movement determlner 202-3 reads, from the
'framermemOrv Qol; the nixel'value'efethe pirel in the.image
to be determined for area in the frame #n, and the plxel
value of a pixel in the frame #n 1 at the same p051t10n as
that.qf the pixel in the 1mage to be determlned for area;ln

the frame #n, and calculates the absolute value of a

-w“;lmmMMQifference;betmeenlthelread_pixelmvalnee .The

- still/movement determiner- 202-3 determines whether the




.poftion,, and'sets'a still portion deternihatioh flag for t he pi xel to be
- determined for area to "1" to indicate that the pixel %g@gg%kﬁsthe.stllL
' e

portion. Wien the still/novenent. determ nation provide
still/novenent determ ner 202-2 indi cates novenent or when. the

still/novement “determ nation provided by the stllllanenent detern1ner

202-3 indicates novenent, the .area determ ner 203-2 determ nes that the

~pixel to be deternined for area in the frame #n does not fall within a

still portion, and sets the still pogdion determination flag for the pixel
'to .be determined for area "0" to i'ndicate that the pixel does not bel ong
to the still 3 August 2005 - 72 portion. The area determ ner 203-2 feeds

det t fl sef to be "I" or to. the
e ot s dRdd R L MR A0 L 202 hretn Ehemedal watle /qfvetnem
ded th |1/ nove det erm ner i ndi cat es
determ@ﬁgléyamg Itéhgt%%?lﬁa %Lh%h uﬁe?gehbﬁaﬁFéﬁepﬁﬁv#dé@ by the

novenent

203. 2 GBL e dR A A T e e PR R IANER-  olbaned ey ?ﬁteeW‘a%r#n

| fall'“@t&ﬂﬂ/ﬁd@@ﬁéﬂt determiner 202-3 determlnes that the .

‘absolute value of the dlfference is greater than the
'threshold Th the stlll/movement determlner 202 3 supplies
the area determlner 203 -2 and an area determlner 203-3 w1th
- a determlnatlon lndlcatlng a movement. When the |
‘1stlll/movement,determlner 202—3 determines that the'
‘absolute value of the dlfference is equal to or smaller
than the threshold Th the stlll/movement determlner 202-3
supplles the area determlner 203- -2 ‘and ‘the area determlner
203—3 with a determlnatlon lndlcatlng stlllnessb |
A stlll/movement determlner 202 4 reads, from the
'frame memory 201, the plxel value of the plxel in the frame
__#n—l at the same p051t10n as that of the pixel -in the 1mage'
to be determlned for area in. the frame #n, and the'pixel'“
'.value of a pixel in the frame #n—2 at the same p051t10n as
that of the pixel in the 1mage to be determlned for area in
the frame #n, and calculates the absolute value of a -
dlfference between the read pixel values;l'The
etill/movement determiner 202—4 determines whether the
absolute value of the dlfference between the pixel value of

_the frame #nflranduthe_plxel value of the frame #n 2 is

greater ‘than the predetermlned threshold Th. When the'




deternmined to "1" to indicate that the pixel belongs to_the noving
portion.. Wien the still/novenent deternination-providéﬁAH9w¥@905_ |
still/movenent determ ner 202-2 indicates stillness or.when the:-
“still/novenent determ nation provided by the' still/novenent a
- determiner.'202-3 Indicates stillness, the area deterniner 203-2
" determnes that the pixel to be determned for'area in the‘frane #n- does
not fall wthin the noving portion,7@nd sets the nmoving portion |
. determnation flag for the pixel to be determned to "0" to indicate that

- the pixel does not belong to-the noving portion. The area det erm ner 203-2
‘ ' or 110" to the 3

18 : : \ \ . ot to be min
st SaIA VRS L SR D800 20 SRR Ehes ety thes. en the

sti ' i nat,i i ded by.the stjll/ t t er m ner
,Zgg[glgﬁﬁﬁggﬁ%éq%%vgﬂgh Hgﬁ%‘&#@ﬁé¥§%c§¥+$l%ﬁ%%tﬁﬁnggégpggﬁin:tLon-provided
' 't Skl ' o ] 02-4. .indi cates stillness, _the area
Ot o T HIPYATE Und SR v AREnE gL BOLERNER ShorunERBRLe. o ca i1

' : i 10 ( . nd .a C d -
backgr e aeea et B G o R A ERn DR TERRAHCE Tor ar ca

| portion,and seté-a nDVihg portion determnation flag for t he pixel to be

. backgreund area

10 " 1" mbochRlkeat AHbRRlHNS R SnRRLANES 4O HF £O¥S69 s
B 'Vdetérminesrthat the absolute value of the &ifféréncé-is
_equal to or'émallerthan.the'threshold Th, .the . |
Stilllmovement‘detérminer 202f4 supplieé fhe area
'.,'dEterminer‘203—3 with a_déterminationrindiééting stiilness.
When_the;still/moVemeﬁt determinétion pr0vided'by the
siiil/movement deterﬁinef 202-1 indicates stillness and .

- when the_still/mbvement determinéfion provided by £he 
still/moveméht determinei 202-2‘indiéates:movement, the
,aréa determiner 203-1 determines thaﬁ the pixel to be
détermiﬁed for area-in the frame #n fall within'the =
:uncoverédfbackgfound,'and sets an uﬁcovefed backgroundAafeé
‘determination flag for the pixel to be determined for area
“to "1 td indicate that the pixel belonés to the Unéovered
‘background areaLl o l‘ | |

When the still/movement_déterminafion pro#ided by the

'-still/movement detetminér 202-1 indicates m0vement or ﬁhén

the still/movement déterminatién prgvided‘by the . |

still/movement determiner 202-2 indicates stillness, the

area determiner 203-1 determines that_the pixel to.be_

. determined for area in:the frame #n does not fall within




'background area. . Vhen t he stllllanenent detern1nat|on prOV|ded by t he'

still/novenent detern1ner 202-3 indicates stillness or %@ﬁ %ﬁ
still/novenent determination provided by the still/move UH&PE? mi ner

202-4 indicates novenent, the area determ ner 203-3 determ nes that the
~pixel to be deternined for area in. the frane #n does not fall within the
~covered background area, and sets the covered background area determ nation
flag for the pixel to be determned for area to "0" to indicate that the

pi xel does not belong to the coveredlbackground area. The area determ ner
203-3- feeds the covered background area determination flag set to be "1"
or "0" to the deternmination flag storage-frame nenory 204. The

ncoverdtt it ahE 5 AT EhL AT A RERT oHnd 4 TEun PR MEIR he area |
frea dors nﬁzr%ﬁ}rf'dzoaspeia U RBORAE . EPbE BoPoEhRnaaY OB ol of from
R o B Rt R TR L e R A
E;ngggﬁﬁéég?égﬁgg{eﬁ%?%é%?%%é?la%0b€% %Qﬁﬁlpor??gﬁ nggrﬁ?ﬁSY?gﬁdf|5g
The area determlner 203~ 1 feeds the uncovered ' :
ibackground area determlnatlon flag set to be "1" orltO"_to
; the determlnatlon flag storage frame memory 204. o
When the stlll/movement determlnatlon provided by the
' stlll/movement determlner 202~ 2 1ndlcates stlllness and
when the stlll/movement determlnatlon pr0v1ded by the

stlll/movement determlner 202 3 1ndlcates stlllness, the

area determlner 203-2 determlnes that the plxel to be

'determlned for area.in the frame #n falls w1th1n a stlll_

' portlon, and sets a Stlll portlon determlnatlon flag for

the plxel to be determlned for area to "1" to indicate that'
. the plxel belongs to- the Stlll portlon. | |
When the stlll/movement determlnatlon prov1ded by the
stlll/movement determlner 202-2 1nd1cates movement or when
the . stlll/movement determlnatlon provided by the
'stlll/movement determiner 202—3 lndlcates movement; the
larea determiner7203~2 determines thatlthe pixel to be-
determined for area in’the frame #n'does not fall within‘a
Astlll portlon, and . sets the Stlll portlon determlnatlon ..-
~flag for the p;xelmt__tﬁsdeterm;ned_formarealtoAlﬂlmtolllmwolllllllmml-

1ndlcate that the plxel does not belong to the Stlll




t he nmovi ng portion determnination flag, and the'covered background area

determ nation flag, stored by itself. The . synthesi zer tes the
area information which indicates whi ch one of the unco%g$g%§%§égground .

area, the still portion, the noving portion, and the uncovered.

background area each pixel falls within based on the ..uncovered background
area determ nation flag, the still portion detern1nat|on flag,. the noving
portion determnation flag, and the covered background area det er mi nat'i on
flag supplied from'the determ nationy$lag storage frame nenory 2,04. The
generated area information is then fed to a determ nation flag storage
frame nenory 206. . The determination flag storage frame nenory 206 stores
the area information supplied fromthe synt hesi zer 205, while outputting

t he st&FﬁE%ﬁ%ﬁ.lnfornatlon 3 August 2005 - 75 ‘The process of the area
det er m ner is discussed w wi th.reference to FIG 23 through FIG
27. Wen th Jﬁﬁﬁa(égﬁ?ﬁprﬁ%g?%%ﬁ% feeddvthg, stAdl postdomon of the -

every. frame, Referring to FIG 23, the

'object changes
i rage O ﬁ%%@%ﬂ%h&ﬂn Jt15BnetC kS yntx, 9F I'A"t ke th&re #n, is positioned
at Y”*%@%ééhldéélonfff”g’é%H%aéﬁ“ f%ﬁg ﬁeﬂ8§§ Oﬁne - ; :
When the stlll/movement determlnatlon prov1ded by the
'stlll/movement determlner 202~ 2 1nd1cates movement and when
- the stlll/movement determlnatlon provxded by the
stlll/movement determlner 202-3 1nd1cates movement, the
Varea determlner 203~2 determines that the’ plxel to. be
determlned for area in the frame #n fall w1th1n a moving
portlon, and sets a mov1ng portlon determlnatlon flag for
:the plXEl to be determined to "1 to 1nd1cate that the
' plxel belongs to the moving - portlon.‘ | | |
_ | When the stlll/movement determlnatlon prov1ded by the
stlll/movement determlner 202-2 lndlcates stlllness or when
.tthe stlllfmovement determlnatlon prov1ded by the
'stlll/movement determiner 202-3 lndlcates stlllness, the
area determlner 203 2 determlnes that the plxel to be
1determ1ned.for area in the frame #n does not fall within
the moving.portion,.and sets the moving portion |
determlnatlon flag for the plxel to be determlned to "0" to
1nd1cate that the plxel does not belong to the moving
portlon.-

The anea__dej:erm;m 203~ 2 _feeds thewmovlng_poﬁpt_]:gn S

determlnatlon flag set to be “1" or "QO© to the




"FIG 24 is a. nodel dlagrantlllustratlng the plxel values of the plxels
consecutively arranged in a line in the direction of noy ﬂ§ the | mage
corresponding to the -..foreground object, wherein the piX ? va ues are
devel oped in tine aX|s For exanpl'e, when the direction of nmoverment  of the:
image corresponding to the foreground-object. is horizontal in the screen,

t he pi xel values of the pixels' adj acently .arranged in aline are - o
developed "in tinme axis in the nodel dlagrantshomn in FIG 24. Referring.to-
‘FIG 24, the line inthe frame #n Lsyzidentical to that in the frame #n+l .
The foreground conponent of ‘the object contained in- the second pixel-
through the thirteenth pixel in the frame #n fromthe | eft-hand side

thereof_ i.s contained In the sixth pixel through the seventeenth pi xel in
“the fr%%&anatr%‘m Fh%‘.-‘il%??rﬁ%dfgﬁae pe8e&yt 20fhe el eventh t hrough

thirteenth. “pixels int e rame #n; fromthe |left-hand sjde thereof fal
within the ‘%‘1 %.%Us mayypEent 7@eB§EwgP8§ﬁﬂnaPé'&V1élﬁﬂi e Wt ond
. th f. I t.he f the left-hand de th f fall
i :ﬁrﬁttazm%amaﬁz ShATehERe BB SNt centh
' I +1 f the |eft-hand th f fall thin th
 Cover el Bt AR @L%L”értﬁréaﬁmhﬁtﬁmasﬂe@yg %-"p. xels'inine O
frame. aaglf/mnae Hdcdinthal o3 e £k LakLs bR LS URgQVered

~backgroun
area determiner 203- 3 determlnes that the plxel to be

determlned for area 1n the frame #n falls w1th1n a covered
background area, and sets a covered background area -
determlnatlon flag for -the plxel to be determlned_for-area
to_“l“ to indicabe'that_thetpixei belongs ro the covered'

'background-area, | | |
o When theretiil/mouement determinarionAprovided'by tbe‘
istill/novement‘determiner 202-3 indicates stillneee or when
the sbill/movemenr'determination_providedbY the.
still/mOVement'deterﬁiner,202—4 indicates movement,’the :

" area determiner 203-3 determines that the pixel'to be
'determlned for area in. the frame #n does not fall within
the covered background area, and sets the covered
background area determlnatlon flag for the‘plxel to be
kdetermined for area to "0" ro indicabe-thatfthe pikel doesA
not:belong-to the covered background area. |

‘The area determiner 203—3'reeds the covered background

area determination flag set to be "1 or "0" to‘tbe

. determination flag storage frame memory 204. _

The determination flag storage frame memory 204 Stores




area. Since t.he foregfouhd conponenf COnfained in-the frane '#n is shifted
in.the frame #n+l1 by 4 pixels as illustrated in. FIG 242460 unt of
novement v is 4. The virtual divisor number is 4.in accor ggn%éx@??h t he

~anount of novenent v Discussed. next is'a variation in the pixel val ue. of
a pixel belonging to a mixed area prior to and subsequent to a target
frame. .Referring to FIG 25,, ‘the background is stationary,' and the
- afmount of novement of the foreground is 4 in the frame #n. The fifteenth
~ - through seventeenth pixels in the _frane #n.fromthe left- hand si de t her eof
fall within the covered backgrounhd. Since the ampunt of novenent is 4, -the
- fifteenth through seventeenth. pixels in the frame #n-1, which is one
frame earlier, fromthe |l eft-hand side thereof, contain the background
conponéﬁ? qupvemsﬁ-maqkqmqundnarea ﬂetegmmuaulaneﬁlagnsh@@lhmahe #n+2,
which is Stl|| one 3 ‘August 2005 - 77 franme earlier, fifteenth through
sevent EERMh EhEi aeea dedantangef203ahd shﬁesthélepbrtopnaln t he background
compon and - fall within the background area. Since the. obj ect of

the ba§ES§?EE&Hat§°§t &lipsn&upplird pixer vheueres. deherminesed0B-gixel in
the fr #n-1. from .the |eft-hand side. thereof remains urichanged from
ggg mov1ng portlon determination flag supplied from the , '

the pi
| rarea determlner 203-2, and the covered background area.
determination flag supplied from-the area determiner 203-3. -
The determlnatlon flag storage frame memory 204 feeds,
'-to ‘a synthe51zer 205, the uncovered background area
'determlnatlon flag, the Stlll portion determlnatlon flag,
Vthe mov1ng portlon determlnatlon flag, and the covered
background area, determlnatlon flag, stored by ltself. The
synthesrzer 205 generates the area 1nformat10n whrch
indicates Wthh one of the uncovered background area, the
Stlll portlon, the mov1ng portlon, and”the uncovered |
, background area each plxel falls within based on the
~uncovered background area determlnatlon flag, the Stlll
l‘portlon determination flag, the mov1ng portron
- determlnatlon flag, and the;covered background area
determination flag supblied from the determination flag
stOrage frame memory 204. The'generated area information
‘is then fed to a determination flag storage frame.memory
206 o N

The determination flag Storage frame memorv 206 Stores

. while outputting,the stored area information.




value- of 'the fifteenth pixel in the frane #n-2 fron1the | ef t - hand side
~thereof. Simlarly, the pixel value of the sixteenth’ pi xal hélﬂbﬁg frame

" #n-.1 fromthe | eft-hand. side thereof renains unchanged on1t e pixel
value of the sixteenth p|xel in'the frane #n-2 fromthe | eft-hand side
..thereof, and the pixel value' of the seventeenth pixel in the frame.#n-1
fromthe left-hand side thereof renmmins unchanged fromthe pixel val ue of
the seventeenth pixel in the frame #n-2 fromthe | eft-hand.side thereof.

"Specifically, the.pixels in each of rhe. franes #n-1 and #n-2, :

. corresponding to the pixels belonging to the covered background area in

t he frane On, contain the background conponent only with the pixel val ues
"t her eof re n|n unchanged The absol ute val ues of differences between

t he- pi xel IR ah??a?F?azéﬁBerWhéﬁéfépé isg ddsqussast enent

deternln r.202-4 perforns the s vepent determ nation concerning the.
" pi xel s 8% eaéﬁﬁh E?ée??%ﬁ%stﬁngiG g? Rhsough, F&Sporddi-ng to the pixel s

‘bel ongi ng t% éya ar ea nme_#n, thereby 3 August 2005 - 78 '
~det ermini ng "tHE pi 3x5§'%é?ﬁ g?l%?re%fﬂﬂﬁdthﬁ Be éPg'ngq ng-within the
 Cpeer eddbavigouy ah%ahOZbiveéé‘?22&%32?5??%3%%%?5 RBHRENGYE T SERBR xel o
.ggrgpgﬁﬁg%rgggkﬁﬁggtefﬁ?ﬁ%ﬁne@ﬁé fﬁé&a'&ftPﬁef6§98c§? %onggo%gé | /movement.
at Yn(x,y) in the frame #n, is positioned at Yn+1(x y) in a
fframe #n+1 Wthh is a next frame.
- FIG. 24 rs-a_model dlagram 1llustrating the pixel
values of thelpiXels coneecutively arranged in a'linehin
the dlrectlon of movement of the image correspondlng to’ the
,foreground object, whereln the plxel values are developed
_;ln time axrs. For example, when the-dlrectlon of movement
of therimage eorreeponding'to'the foreground.bbject.is
-‘horizontal in'thefscreen, the pixel values of the pirels'
adjacently arranged in a llne .are developed in tlme axis 1n '
the model diagram shown in FIG. 24. . |
Referring to FIG. 24, the line i the frame #n is
'identical to that in the frame #n+1. |
-'V‘The foreground component of the object contalned in
' the second pixel through the thlrteenth pixel in the frame
 #n from the left- hand 31de thereof is- contalned in the '
srxth plXel through the seventeenth pixel in the frame #n+1

: from the left- hand srde thereof.

The eleventh throuqh thlrteenth plxels in the frame #n.

- from. the left hand 51de thereof fall w1th1n the covered




the pixels.falling within the mxed area in the frame #n and the S
correspondi ng pi:xxels in the frame #n-1 as being 'novingsAHﬁ&ﬁzbggeiving t he
still/novenment determ nation indicating novenent from . the. .
still/movenent determiner 202- 3 and the still/novenment determ nation
indicating stillness fromthe still/nmovenent determ ner '202-4, the area
determ ner 203-3 deternines the corresponding pixels as falling within the
covered background. Referring.to FI'G 26, the background is still, arid.

‘'t he ‘anount of novenent- of the foregrpyind v is 4. The second through fourth
pixels in.the frame #n fromthe | eft-hand side thereof fall within the
-uncover ed background area. - Since the anount of novenent v is 4,. the =~
second,through' fourth pixels in the frame-#n+1, which is one frane |ater,

from t REGRGEINh @ IG3te AHbrid 3RFRRE nthreughckgustid piehsordant  only, and
frames DR ITAG I om i D GrE A e At BRETPPImEPHd FERIRand o1 do
e oty A5k A0 8500 Aind T BRI, 21
Tert- habteneRebEn Bt Lel i Hh SRR AT oFfohatnsr TPRE-heddond pixel in
Fhei'fgﬁﬁs %ﬂ@&eg%o%bﬁﬁleﬁgiﬂuyﬂ£fﬁé%%red‘background_area,-and | |
| thélsixth thrdugh eighth pixels in‘thé framé #h+1 from the
1eft5hand*sidefthereof £all ‘within the"unéqvered background
'areé.'- | ) o
Since the_fbrégroupd cdmponenﬁ contained in the framé
#n is shifted iﬁ the7frame~#n+1 by 4 pixels as iilustrated
lin.fIG. 24, the_amouﬁt-of movement-v'is-4. The virfual'
divisor number is 4 in aécordahdé with. the amoﬁnt'of
moﬁémeﬁt V. | o | |
Discussed next_is a'variétidn in the pixel value of a
. piiel beldngihg to a mixed érea pribr_to'and subsequent to:
la target frame. o | |
Réferringto-FIG._ZS,'the background is stationary,
and the amount of ﬁdvemént of the foreground is 4 in the
_ffame #n. The fifteenth through seventeenth pixels in thé
f;amé #n from thé left-hand-side‘thereof fall within the
;idovéréd backgroqﬁd. - Since the amouﬁt of movement is 4,-the
fifteéhth through-séventeenth‘pixels in the frame#ﬁ—l,
which is one frame earlier, frém the'left—hénd side thereof,
_ ___contain the background component only, and fall within the

foreground area. In the frame #n+2, which is still one




thereof.. Likew se, the plxel value of the. third pixel in the frame #n+2
fronlthe | ef t - hand S|de t hereof remmins unchanged froq%k&§§ g@ he third
pixel .in the frane #n+l .-fromthe |eft-hand side thereo d %e pi xel .
~value of the fourth pixel in the frame#n+2 fromthe |eft-hand side

t hereof remmins unchanged fromthat -of the fourth pixel in the frame #n+1
fromthe |eft-hand side thereof. Specifically, the pixels in each of the
frames #n+1 and #n+2, correspondlng to the pixels belonging to t he .
uncovered background area in the frapg #n, contain the

background- conponent only with the pixel values thereof remaining
~unchanged. The absol ute values of the differences between the pixel val ues
are sub tantiallf#zero Therefore, the still/novenent deterniner 202-1

per f or e e &% ?Vnu@%ﬁ%ﬁ?nHEtEhﬁPﬂﬂﬁléﬁWﬁﬂﬁﬁﬁﬂﬁhup#Kﬁi%n&%@@ in each
of the fra lhf $. n+ corresgondlng to the pixels belonging. to the.
mi xed arsh %tq h%?€b9 n&éﬂ@r%ﬂﬁIH?QWQ¥QH%@ﬂQPmﬂPH%Rﬁng -
_st|II s fal wi thin the uncovered 3 August 2005
| ﬁéﬁékgréﬁ%§*§ﬁ§5?+ e$?aﬂ@°kﬁr BHFaPﬁ?aforeground conponents, the
e .of the pixels haV|ng
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~ the left hand 51de thereof remains unchanged from the pixel -
‘value»ofithe_flfteenth,plxel‘1n the frame #n-2 from the
.left-hand eiderthereof. Similarly, the pixel value of the
sixteenth. plxel in the frame #n- 1 from the left-hand side
' thereof remalns unchanged from the plxel value of the
51xteenth plxel in the frame #n-2 from the left-hand 31de
;thereof, and the pixel value of the seventeenth plxel 1n
vthe frame #n 1 from the left hand 51de thereof remains
unchanged from the plxel value of the seventeenth plxel in
theAframe #n-2 from the left—hand,slde thereof.
Specifically, the pinels'in each of.the‘frames #n-1
and #n-2, correspondlng to the pixels belonglng to the
covered background area in the frame ¥n, contaln the ‘
'background component only with the pixel values thereof
remalnlng unchanged. - The absolutervalues of dlfferences
between'the-pixel values are suhstantially'zero. Therefore,
a stlll/movement determlner 202-4 performs the | |

stlll/movement determlnatlon concernlng the pixels in each

of the frames.#nel_and #n—2,'correspondlng to_the pixels

Vbelongihg”torthe mixed area in the frame #n, thereby




as belng nDV|ng Upon rece|V|ng the stllllanenent detern1nat|on

‘indi cating novenent fromthe still/nmovement .deterniner ?ﬁ g t he
.still/novenment deternination indicating stillness from g Stlp / movenent
~ deternminer 202-1, the area determner 203-1 determ nes the corresponding
pixels as falllng wi t hi'n the uncovered background. FIG .27 illustrates
~area deternination conditions. of . the area deterniner 103 in the. frane
~#n.. \Wen the pixel in the frane #n-2, at t he sane position as that of .a -
pixel in the image to be deternmingdsgn.the frame #n, is determined to. be

still with respect to the pixel |n'the frame #n-1, at the sane position as
" that of the pixel. in the i mage to be " determ ned ih the frame #n, and when

the pixel_in the frame. #n-1, at the same position as that of t he pi xel in-

the | NG dheimbtel s anebeinges#alli.s. . determined to be noving

with respect_ .to in the frame #.n, the area _determ ner 103

th I xel
determ nes | W t hin
det SHae etr’é’ iBdgfels, tablingnwikhin thepsoveredmbaskdraursd vt hi
t he CQVGQ%QH b %ﬁfﬁgh g{ea 3 Au&ust 2005 - 81 Wien the pixel in the -
frame A1 |sld]et G o' ThEOREF HIS W PREPESPBEL CPBPPRENFiSKelthien the frame
S#n-1, x% H%%P as. that of . tg EIXE| in the inmage to be :
det er nFAd e fr nPFRedpfkerenk. TraR theose Afr1, at the

same. pegit LR (q e -' t he . e detern1ned in the
frane £ I? % ?%rk%%é& t % ﬂ%&%ground componeg%s on?y in the h

frame #n-1. The stlll/movement determlner 202-3 determlnes

the pixels falllng w1thln the mlxed area in the frame #n

E and the corre5pond1ng plxels in the frame #n—l as belng |

moving.

Upon recervrng the stlll/movement determlnatlon
1ndlcat1ng movement from the stlll/movement determiner 202-
3rand the,stlll/movementrdetermlnatlon indicating stillness’
from the stili/movement determiner'202~4, the’area
determiner 203 3 determlnes the correspondlng pixels as
falllng w1th1n the covered background.

Referr;ng to FIG. 26,Athe background is etill,_and_the
amountrof'mOvement of the foreground v is 4. The second -
-through fourth pixels in the frame #n from the left-hand
side thereof fall within the-uncovered-background area.

Slnce the amount of movement v is 4, the second through
fourth plxels in the frame #n+1, which is one frame later,

from the left hand side thereof contaln the background

component only, and fall within the background area. The

second through ﬁourth plxelsrln,the,frame“#niz _whlch ?q

-another one frame later, from the left-hand 51de;thereof




still mnth respect to t he plxel in the frame #n, the area. determ ner 103

determines that the pixel in the frame #n to be detern1§§g &ﬁbbé within the-
- still -portion.. Wen the pixel in the frame #n is detern1n8 novi ng

wi'th respect to the pixel in the frane #n-1, at the sanme position as that

" of the pi xel in.the inage to be determned in the frane #n, and when the

pi xel i-n the frane #n+1, at the sane position as that of the pi xel .in the
i mage to be determined in the frame #n is determined to be noving with
respect to the pixel in the frame #nyjgthe area determ ner 103 determ nes
that the pixel in-the frame #n to be determined falls within the. nDVing
“portion. \Wen the . pi xel in the frame #n+l, at the same position .as 'that

of the el |n the i mage .t o be detern1ned in the' frame #n is detern1ned
to be y*r?gl t@;%gﬁoqrbdt%ﬂewent.ﬁnme ppdndadd, wididhdhg he pi xel

in the-fr #n+ at the same position as that of. the pi xel in the |nage'
to be &?t%ﬂHQHQ#aQF%%m frame #n is determined to be still with respect.to

th | he .f + h 05 --
that Tof -t he SHrch e E ﬁ%%goetait&%%}%al?'wﬂ@dar%ﬁ gﬁgSFﬂéﬁeZH%Of e iPeZZ
d 1L h | he f # det :
ol | baet, S SR £ DR el af Bathe FEfmso RBP4y dg ARE 260
illusthgte_ %%g}dr §9We $rdrdd¥E Péxx%alrﬁj&tl?ﬁéﬁhgx?&éc?“fz?&ﬁv’tﬂ%% B% H:E‘l% area

- det erminer
‘ _second pixel in the frame fintl from the 1eft hand 51de

V‘Ithereof.‘ leEWlse, the plxel value of the thlrd plxel ln
‘the frame #n+2 from the 1eft hand side thereof remains |
~unchanged from that of the third plxel in the frame #n+1
from the 1eft—hand'side'thereof and the pixel value of the-.
fourth plxel in the frame #n+2 from the left-hand Slde -
thereof remalns unchanged from that of the fourth plxel 1n
the frame #n+1 from the left hand side thereof.

SpeCIflcallY, the pixels in each of.the frames #n+1
-and_#n+2, corresponding to the,pixels belcnging_tc the"
unccvered'background‘area in the-frame'#n,‘ccntain‘the
backgrcnnd-component-enly with the pixel values thereof'
remaining“unchanged; The absoclute values of the

_'differences-betWeen the_pixel values are substantially zero.
Therefore, the'stili/novement'determiner 20241 perfcrms-the
stlll/movement determlnatlon concernlng the pixels in each
of the frames #n+1 and #n+2, correspondlng to the plxels
belonglng to the mlxed area in the frame #n, thereby

crdeterminingmthe‘pixels as being still.

Since the pixels falling within the uncovered




Ref-errii,"n,g to FIG 28A, t he pi xel s determined to fall within the covered

background area are presented in white. Referring to F'?hu§é§zob§e pi xel s
‘determined to fall w thi.n the uncovered background afea aré presented in

 white. Referring to FIG 28C, the pixels determined to fall wthin the

‘moving portion are presented in"white. Referring to FIG 28D, the pixels -
determned to fall within the still portion are presented in white. FIG -
29 illustrates the mxed area, in image, of the area inforfation output

~fromthe determination flag storage ggrame nenory 206. Referring to FIG

0 29,. the pixels deternmined to fall within the covered background area or

t he uncovered background area, nanely, determined to fall within the m xed
area, agre presented in white. The area information representing the mxed
ar ea 031 IEQYH tHePa gt ch e nEX 2R FRagoBtainge tPragEoMdry 206 indi cates
the mxed area and a 'texture present area surrounded by a non- texture
port i or?%lﬁcmeﬁl%sﬂe the RiERbUTRLUeR01 RER@F R Ré*Ed SaariroWid .

itlustrated . i.n FIG 3 August, 2005 - 83 the area determ nation process
of the éztroé[b s rﬂ%e%%ﬁ@lx‘%;s ARG LR B P BGKIFRUBe FOBPEDE e fr ame )

Trame £043 ERHE G Tl he” AR i e nnal Sef ehapedd i ne
‘ Z'ﬁl' l, Lé%%ﬁ%‘%tse@ﬂen%ﬁigeq_% ngﬁfne& r@ﬁeﬁif‘{‘h%@%i%eﬁi )égleqi Tt he _f ra@
' ‘ the frame #n and the COrrespohding pixels in the frame #n+1 o |
as being—moving;-r | | | | | |
.Uppn‘recéiving_thg still/movement determiﬁation
indiééting movement from the still/movement deﬁerminer,202%'
'2 aﬁd the still/movement determinatipn indicating sfiilneés
from the still/movement determiner 202-1, fhe area |
 -determiner.203—l;détefmiﬁes'the éorrespbndingrpixels‘as"
fallihg within the‘jndovéred background. |
FIG._27 iliustrateé area determinatidh conditionsrof
. the area détefminer 103;iﬁ the frame #n. When_fhe pixel iﬁ'
the‘frame #n-2; at the. same prition‘aé that of a pixel in
‘the image to be detérmined in the frame #n, is detefmined
tb_berstill with respect to the pixel in the frame{#n—l, at
" the same position as that of the pixel in the image to be
'determined-in the_frame #h, and whén the pixel ih the‘framé 
‘#nfi, at the same position as that éf:the pixel in ﬁhe.
‘image to be determined in the framé #n, is"detérmined t&_be
moving with reébect to the piiel in the fréme #n, the area

-determiner 103 determines that the pixel in the frame #n_to

be determined falls within the covered background area.




with respect to the pixel. as the same position in the_frane’#nD whéh it is
determ ned. that these pixel are still, the routine procg?ﬁgu&gmg ep S203.
The still/nmovenent . determ ner 202-2 determ nes whet her pixel in the.

frame #n+l. remains still with respect to the pixel at the sane position
in the frane #n. Wen it is determned in step 5203 that the pixel in the
frame #n+1 remains still with respect to the pixel at the sanme position in
~the frame #n, the routine proceeds to step S204. The area determ ner 203-2
sets the still- portion determ natLogiflag of the, pixel to be determ ned:
for area to "1" to indicate that the pixel falls within the still portion
"The area determ ner 203-2 supplies the determnation flag storage frane

menory 204 mﬁth-tqg%stjll portion determ nation flag, and then routine’
proceeds to WiRLFhegrixel panthe frape: pniifedeteraiagdsior hghat the -

pi xel . j,n. the frame #n has noved with_ respect to the pixel at the.  sane
positjcﬁF%#iuWﬁF rEﬁﬁP%ﬁFlﬁothﬁhEﬁx?% ig HBPeﬁﬁ?ﬁ@d#nﬁlAugﬂéﬂﬂEBOS - 84
the'p PPN et DSt e | fie b IRELndn4REe: HBaGRxE 1P t he T rare #n
soos naledalli 0 e FLUL PPA00.L 600 Shep 0208 3 Spoed and the
202-3 gp+1, at the same position as that of the pixel in'thé: S
imége to be determined in the frame #n is‘deferminea.to be
still with~reépect to the pixel in the framé #n, the aréa 
determiner 103~deﬁerminés that the pixel iﬁ the frame #n t6'
be detefmined falls withih'theVStill'pdrtion.‘ | .
When the pixel in'thé'fréme-#n is detérminéd to be
mbving with-respect to-the pixel in the-frame #n—l; at fhe
same position as thaﬁ of the pixel in the image to be
‘déterminéd in the ffame #n, and whén the pixei in thé-frame'
#n+l, at the ‘same pbsition_as-that of the pixel_in‘the:
-image to be determiﬁed in the framé:#n'is détefmined-to'be
moving with réspéct to thé_pi#el in the frame #n, the area
determiner 103 determines that the pixel in-the.frame #p.toj
bé determihed falls within the.moﬁing‘portion.
When the pixel in the f;ame #n+1, ét the same position N
. as that of'the'pixel in'the-imagE‘to be determined in the: |
'f;ame #n is determined torbe'moviﬁg with respect to the -
pixél”in the frame #n, and when the pixel,ih thé frame #n+2,
at'the_Same positiéﬁ as that of the pi#el iﬁ the image tol

be determined in the frame #n is defe:minedito be'still-'

with respect to the pixel in‘the frame #n+l, at the same




- deternmi nes whether the. pixel in the frame #n has noved. with respect to the
pi xel .at the sanme position in the frame #n-1. .Wen itd%ﬁudeégbggned t hat -
the pixels are noving, the routine proceeds to step S2 T C .
~still/movement determni ner 202-2 determ nes whether the pixel in. the frane
.#n+l . 'has noved fromthe pixel at the same position in the franme #n. Wen
it is determned in step S206that- the pixel in the frane #n+l has noved
~fromthe pixel at the sane position in the frame #n, the routine proceeds
‘to step 5207.. The area determ ner 2§€3-2 sets the noving portion
- determination flag of the pixel to be determined to "I" to indicate that-
the pixel falls within the noving portion. The area determ ner 203-2
‘supplies the determination flag . storage frame nmenory 204 with the noving

port|oﬁm§ﬁ§¥Qanﬁu§QﬁFf?%th%dﬂi¥ﬁ% %Bu?hﬁelﬁﬁeéeéesb@odﬁﬁﬁ?%ﬁﬂﬁﬂ When it

"is determ,ned in.step S205 that the xel ‘in_the frane #n renmains st|II :
-vm t h reléb trt}t ‘—’l"H'ae xeF NS AXFR d%ﬁ%ﬁ‘“bﬂ%ﬁ L84 Artegrinesndhat 1, or when’

g 'frarre “HE ter sttrf‘i? E‘W%e(t)g’?‘? e‘é‘be’&?l‘?'ﬁg%ﬁglﬁ?geiﬁai Est %fg%g’gl:?éel I. Ptltgﬁ in:
t he fr gﬁ% éégg)foéxelqﬁrbdpt{}:e Efarame #n does not fall wthin the novi ngl
_portlon t e e hd the routine proceeds to step 5208 Ln
step 5208, -%hﬁ;sbﬁﬂ'ﬂﬂyﬁgaﬂﬂylékﬂfgﬂn{Tiué¥¥%te the results of
- | the area determ;natlon provided by the area determiner 103._
| Referringoto FIG. 28A, the plxels determlned to fall within _"
the covered background area are presented in white.-
Referring to FIG. 28B, the pixels determined to fall within
the uncovered background area are presented‘in White; |
- Referrlng to - FIG 28C, - the plxels determlned to fall
w1th1n the mov1ng portion are presented in whlte
'Referrlng to_EIG. 28D, the pixels determined -to fall within
thé still-portion are presented indwhite. | |
" FIG. 29 iliustrates the mixed'area,:in image}-of‘the
-area information output'from the determination flag storege
frame memory 206. Referring to FIG. 29, the pixels o
R determlned to fall within the covered background area or
the uncovered background'area, namely, determined to fall
.'within'the‘mixed area, are'presented in white. 'The area
information'representing the mixed area output from the
'determlnatlon flag storage frame memory 206 indicates the

mixed area and a texture present ‘area surrounded by a non-

' texture portlon within the_foreqround-area.

- Referring to a flow diagram illustrated in FIG. 30,




determ nes whether .a pixel in the frame #n-1 remains stiII with respect,
to.the pixel at the sanme position in the frame #n-2. g%%glgsdetern1ned
-that ‘these pixels are still, "the routine proceeds to s 8 S
still/movenent determ ner 202-3 detern nes whether 'the: plxel i.n the frame
#n has noved fromthe pixel at the same position in the franme #n-1. \Wen
it is determned in step S209 that the pixel in the frane #n has noved
fromthe pixel at the sane position in the frame #n-1, the routine proceeds.
to step 5210. The area determ ner.23-3 sets the covered background area
.determ nation flag. of the pixel to be determned to "1" to indicate that
~the pixels fall within the covered background. The area determnmi ner 203-3
suppl i ﬁ t he detern1nat|on flag storage frane nmenory 204 with the covered

_ backgr e ¢ %ﬁﬁ%ﬂ%ﬁ%&&?%np¥?§@sﬁnﬁftHBeréﬁﬁﬁnéeﬁﬁeﬁuﬁﬁﬁbééH% to step .
-S211. Vhen it i _deter - 1n step 5208 that . the pixel in the frane
. #n-1 hé? qﬁﬁﬁﬂf ?%31 xnx%? %fePhézgénethAﬁﬁﬁﬁﬁ neoory. 28 1g position
in the .or when it is. n, step-S209 that the pi xe

i the ¥t %H}?sg%ﬁqfrtmhngreéﬁe?ewa FRe2pERECUSD thE same
‘ﬁffkth?hggt vereéﬁﬂﬁﬁéﬁéﬁhJﬁgaég IXEl ZQ ?ggggmggggogﬁdn?hefﬁettlne
~ In step 5202, the stlll/movement determlner 202-3 '
determines whether a pixel in the frame #n remains Stlll
w1th respect to the plxel as the same p081t10n in the frame .
#n.. When 1t is determined that these plxel are stlll the
N routlne proceeds to step '5203. The stlll/movement
determlner 202-2 determlnes whether the. plxel ln the frame
#n+1 remalns still w1th respect to the pixel at the same
p051t10n in ‘the frame #n.
When 1t is determined in step 8203 that the pixel in
'the frame #n+1 remains still w1th.respect'to the pixel at
‘the same position in the fraﬁe #n, the routine proceeds ton
-ste@-s204; The areardeterminer'203~2 sets the still |
?oftion determination flag of the pixel to be determined
.for area te'"19 to indicate that the pixel falls within the
5till portion. The area determiner 203-2.supplies the
'*determination flag.stotage frame memory 204 with the still
'portion determination flag; and then routine proceeds to
step 5205. | |
When it is determined in step-S202 that the pixel;in

the frame #n has moved with respect to the pixel at_the

seme position in the frame #n—l,:or'when,it is determined




" proceeds to step S211. In step S211, the still/novenent determ ner 202-2

- determ nes whether the pixel in the frame #n+l has aneg frgqbpﬁg_pixel as
the same position in the frame #n. Wen it is deterninedAPﬂéi e pi xel has-

nmoved, the routine proceeds to step S212. The still/novenent determ ner

202-1 determ nes whether the pixel in the frame #n+2 remains still with
. respect to the pixel at the sanme position in the frame #n+1l. Wen it is
~determined. in step S212 that the pixel. in the frame.#n+2 remains stil

W th respect to the pixel at the sage position:in step S#n+l, the routine
_proceeds to. step S213. The area determ ner '203-1 sets the uncovered
background area determ nation flag of the pixel to be determned for area.
to "111 that indicates that the pixel falls within the uncovered background.
area. Tk S5 Hterthalertbospaxelipphi ke frameetBirdi hasi sevedag st or age
frame nenory 204 with the uncovered background area determnation flag,. .
and t h& L@ Siodedsie PL¥ep apithe Same popihipn ia gheedmamed in step
5211 that the pixel ane_ #n+1 remains stil

in 3 August 2005 - 8 7 - the_ fran
~ withr ?ﬁe&ﬁ%ﬂ?%ﬁﬁ}[ﬁ@@ﬁh%u%%?mﬁsgﬂeﬂﬁﬁ%i??Enf¢%ltﬂéthﬁén§h#n; or when it
rom t BT e teanl £ R A Erid Fehiped R4S THBLBRKel in the
- Trame §20808%s"eh Wldp WAdyn the uncovered o
In step SZOS, the still/movement determiner'éoﬁ—B
dete;mines whéther the pixel in the frame #n ﬁas‘moved'With.
respect.td the pixel at the same;pdsition in the frame-#ﬁ;l.
‘Whgn it is detéimihedrthat the pixels are moving, the -
. routine proceeds to Step:SZOG. The stiil/mévement
déterminer_ébz—z determines whether thé‘pixel‘in the fréme
:_#n{llhas moved from'therpixél at the same'position in the
:frahe #n. u |
.‘L'When-it is determined in step $206 that- the pixel in
the framej#n#l has moved from the pixel at the same
ﬁosition in thelframe #n, the rbutine.proceeds to step SéO?.
‘The area determiner 203-2 sets the moving portiqn-' |
determination flag Qf the pixel to be determined tor"l".td
indigate-thé; ﬁhe pikel falls within thé moving pdrtion.
;The_area.deferminer‘203~2 supplies'the‘deterﬁination,flag
storage frame.memofy 264'with the'moving portion | |
-determination flag{rand-the routihe'préceeds‘to step 8208.
- When'if isrdetermined iﬁ step 5205.£hat the -pixel in

the frame #n remains still with respect to thé~pixel'at the

- same position in the frame #n-1, or when it is determirned




background area. Step 5213 . is. skipped, and the routine proceeds to step
S214; In step 5214, the area determiner 103 deternines &ﬁﬁ&@ﬁ@oéb' pi xel s-
in the frame #n have been determ ned for .area. Wien it 1S detern ned that

. all pixels in the frame In have not yet been determi ned for area, the
“routine loops to step S202 and the routine of the area determ nation

. process starts over to conplete area determnination for all pixels. Wen it

is determned in step S214 that all pixels in the franme #n have been

‘determined for area, the routine Jprggeeds. to step 5215. The synt hesi zer
- 205 'generates the .area information indicating the m xed area; based on
the wuncovered. background area and the covered background area stored in

synt nodite 8o 2bg g e Hetg £ RS hatRon#0tAr TPRALOR: 6644 ch one
O e A0S PICKURUG, ALPS LG SLAL BRLELD, Lo Bvig portion.
e BT M LR G el Vi SRS OSEATE G000 00 11 o0
) s SRR Mo B0 SIS Ui FRe BLREERE' D010 e e
:baqurgyage@agatdaQQé%h%Z%QMered backgrouhd area each pixel '
in step 3208, fhe'stilllm0vement determinef 262~4
qétermines_whethér.arpixel in the frame #hél remains still
With respect to the pixel at the same position in the frame
#n—2."Whén it'ié.determiﬁed that these pixels are still,:
the routine proceeds to step 8209; .Thelstill/movement
‘l.determiher 202~3 determines whether the pixel in fhe'frame
' #n has moved from the pixel at the same poSitién'in the
‘f:ame #n~1. |
When it is determiﬁed in step S209 that the pixel in
the framé #n has moved from the ﬁixel at the‘sﬁme position
in'the f;ame_#hel,‘the routine proceeds to- step S210. Tﬁé
-afea'détermine; 203-3 sets thé_covered backgréund area
-determinatiop flag of the pixel to be determined td "1" to
indicate tﬁat th¢ pixels fall‘within the‘govered béckground.
‘The afeé.detefminer 203*3'supplies the détermination flég
storage framelmeméry 204 with tpe covered background‘area
_determinatign flég and‘the'rbutine then proceeds to stép
Csa11. | N

When it is determined in step S208 thatsthe_pixel in

. the frame #n-1 has‘moved‘from the pixel at the same




in the frame belongs to.. .By applying logical OR-gating to the uncovered
background area and the .covered background area, the aygg\gg&%kﬁgner 103
generates the area information corresponding to the m Xéuvarea. “The area
~determ ner 103 nay then generate the area information forned of a flag
~indicating which one of the moving portion, the still portion, and the

" mixed area, each pixel of the frame. bel ongs to. When the object of the
foreground has ‘a texture, the area determiner 103 identifies a noving
portion nore accurately.. The area gigterm ner 103 may output the area
i'nformation, indicating the noving portion, as the area .information
representing the foreground area and may output the area information,

i i i . Al ) i . he L nt ti ) ' ti th
backgr BOR e, S sh FAAR en et (O oBEf ob n%grg?r'ra?ﬁilﬁeeﬁﬂgiggo'vggh °
i scusSi i f. the irg i t he backgrouynd area has a
g so- P G SR Rk Siltes e gt #ﬁefsﬁg%ﬁgpgagﬂgr yasks s
i I i 3. st - - - R
- 22?:22%%%%?35 E%Jt e gg@%ﬁ?gﬁﬁaﬂgggﬁhﬁﬁﬂﬁ%gl anﬁgeggetﬁﬁaeréa"aéterniner

sty BRRIr SR URERRS A7 O A0 B LB h FBRENETH . when
the inBgexgtotine Baekdr owtdpsea - oY A IR 4t PERL T PARL ghEf erent from
Pfoceeds fﬁ step S211. . ' ' o S |
In step S211, the still/movement determiner 202-2
determines whether the pixel in the frame:#n+i haé moved.
from the pixel as the.same‘position in the frame #n. When
' it is determined.that thé~pixélrhaslmoved, the routine
procééds to step S212. The still/movement'determiner 202~1
determines'whétherAthe‘pixel'in the frame #nt2 remains
%ﬁill with respect to the pixel at the same pesition ih the
frame #n+l. |
| ‘When' it isldetermined,in étep 5212 that the piXelAinl
" the fraﬁe:#n+2 remains still with respect to the pixelréf
the~saﬁé poéition,infstep‘s#n+1, the :oﬁtine proceeds ‘to
step S213. The area déterminer 203-1 sets the ﬁncovered
" background aﬁea determination flag of the pikel to be
determined for area tp‘"lf that indicates that the pikei"
.falls within thé uncovered background area. The area
determiner 203—1-Supplieé;the-dete:mination-flagrstorage,

frame memory 204 with the uncoVered'background area.

determination flaq,-and'the routine proceeds to step 5214.

. When it is determined in step $211 that the pixel in




~location to location,.the area.determ ner 103 sel ects pixels in response to-
respective novenents, and perforns the above-reference € Bﬁ&ﬁ%ﬁﬁS-'FrG' 31
- is a block diagramillustrating another construction o e area .
" deternminer 103. The area deterniner 103 illustrated in FIG 31 uses no
notion vector. A background i mage generator 301 generates a background.-
i mage corresponding-to an input image, and supplies a binary object image
extractor 302 with the generated background i mage. The background i mage:
- generator 301 extracts an inage.objggt-corresponding to a background
“object contained in the input inmage, thereby generating a background

lylnage FIG 32 is a nodel. diagramillustrating the pixel values of pixels
t he direction of novenent of' an inage

eorT copgitpo Rt B s B B Lot Binepephetnopthel PaRledtar
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plxel in the frame #n does not fall within the uncovered ' '
‘background area. Step SZlB_lS‘Sklppedf and the routine °
proceeds to step S214. . | |
In step S214, the area determlner i03 determlnes
whether all pixels. in the frame #n have been determlned-for'
area. When it 1s determlned that all pixels in the frame 7
:#n have not yet been determlned for area, the routine loops
to step S202 andrthe‘routlne of the area determlnatron
process starta over to completejarea determination;for ali
pixels.
When it is determined‘in-step 5214 that all pixels in
' the frame #n have been determined for area, the routine l
:prOCeeds to step S215. The synthesizer 205 generates‘the”-
area information 1ndlcat1ng the mixed area, based on the
uncovered background area and the covered background area
:stored in the determlnatlon flag storage frame memory 204. .
Furthermore, the synthe51zer 205 generates the area

-1nformatlon that 1ndlcates Wthh one of the uncovered

- background area, the still portlon, the mov1ng portlon, and

the covered background area each pixel belongs to. The

‘generated area information is then set in the determination




through seventeenth pixels in-the frame #n fromthe left hand side thereof.
is contained in the second through thirteenth plxels 'QSh@ﬁJ E #n-1 from
“the left-hand side thereof, and is also contained in ten % Fough .twenty
- first pixels in the franme- #n+ fromthe | eft-hand side -thereof. The

el eventh through thirteenth pixels inthe frane #n--1 fromthe |eft-hand

side thereof fall within the .covered background area, and second through
fourth pixels in the frame.. #n-1 fromthe left--hand side thereof fal
wi thin the uncovered background. Theggifteenth through seventeenth pixels-
in the frane #n fromthe |eft-hand side thereof fall within the covered
background area, and the sixth through eighth pixels in the frame #n from

the I ef d si de ereof fall within the uncovered background area.
The- nldét Eqﬁ?néﬁPTﬁeﬂ?WoFYrﬁb%pl?Bﬂstpﬁ FREtERENENdEn+| from t he

| ef t - hand si.de there f fall n_the covered backgrouynd area and t he-
‘tenth- thrduéﬁl el 't p‘?&e?%x?#]hb?ﬁesfrﬁ et fFb {“I’ré‘elreflp hBA¥ side

' Frsgfoghd&%burt E:'Fah{]%roug gf@%ﬁfbaCk thﬁggt?ﬁ @ﬁgc :Q%gogﬁ-lggrolre_
e e g el i o S oL
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in the frame belongs to.

By applying logical OR—gating to the uncovered
background area and the covered background area, the area
determiner 103 generates the area information corresponding.
to the miked area. The area determiner 103 may then
generate the area information formed of a flag indicating

~ which one of the mov1ng portion, the still portion, and the
‘mixed area, each pixel of the frame belongs to.

When the ob]ect_of the foreground ‘has a texture, the
area determiner'103 identifies'a moving portion more
accurately.- |

The area determiner 103 may outbut'the area-l
information, indicating the moving portion, as the area
'information reéresenting therforeground area and may-output |
the area'infornation, indicating the still portion, as the
area information representing the background information.

The - background object is Stlll in the above discussion.
Even if the 1mage corresponding to. the background area has |

_a mOVing_component, the above—referenced area,determination'

process is applicable.._For example, whenlthe‘inage




background ar ea. Frrst t hrough-ninth prxels I n the frane #n+1 fromthe.

l eft-hand side thereof fall wthin.. the background area [Eﬁ§?0§3
illustrates the exanpl e of .a background i.mage correspon

exanple illustrated in FIG 32,' and generated by the background i mage -
generator 3.01. The background I mage is fornmed of pixels of the object of
t he. background, and |ncIudes no i-mage conponent of a foreground object. _
The binary object inage extractor 302 generates a. binary object inmage =~
based on the correl ation between thedackground i mage and the input inage,.
and supplies a chronol ogi cal. change detector 303 with. the generated
binary object inmage. FIG 34 is a-block diagramillustrating the

construction of t.he binary object inmage extractor 302.. A correlation value
cal cul §P&Fe5PPIEHNG) It BT a%%ﬁm%%hf°¥ﬁéYbE€k@ﬁouﬁBernage i nput -
fromthe ba round i ator 01 and the in [ generating a
correl 8F Sn%\?gﬁfgl “ﬂr%gl giﬁna{ eel%ﬂ‘?%rp%?%gsr §S3Wg«8§u§f162005 - 92
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the background area contalns mov1ng portlons dlfferent from :'
location to locatlon,‘the area_determlner 103 selects |
pixels-in response ro respaCtive movements, andrperforms

the above-reférenced process. | |

FIG. 31 is a block diagraﬁ illustrating anothér

conatrthion of the:area detérminer 103. The area

determiner 103 illustrated in FIG. 31 uses no motion vector.
A-background image génerator 301 génerates a;background
image'oorresponding-to an input image, and sﬁpplies‘a
, binary object image extractor 302 with the generated
'backgr0und'image. The background image generator 361

extracts an image object;corresponding to a background
objecr,contained in-the input iﬁage, tbereby génerating a
background image | -

FIG. 32 is a model dlagram lllustratlng the plxel

values of plxels consecutlvely arranged in a llne in the
-dlrectlon of movement of ‘an image correspondlng to a

foreground ob]ect, wherein the pixel values are develoéed

in time axis. For example,-the,movement of the image

corresponding to the foreground object is horizontal in the _

- screen, and the pixel values of the pixelS'are.__




the correl ation .value for Y4. I(X|-X)DY|-Y) Ci ti | orre a on va ue =8 2
g 2 (Xi-X) 01(Yi-Y) The correlation val ue cal cul at or 32% %H:HQO%% t he
~threshold processor 322 with the correl ati on val ue (4) g) alcul'ated for
- each pixel.in this way. The correlation val ue cal culator 321 may apply -
equation (7) to " 3x3 bl ocks of the background |nage centered on X4 as
shown in FI G  3-6A and 3x3 bl ocks of the input inmage centered on Y4 as
"shown in FIG 36B, thereby calculating the correlation value 3 August 2005

-- 93 -. Sumof absolute values ot.dufterences J{x. - Yi)f

consecutively arrenged in a line in thermodel oiagram
illustrated in FIG. 32. | o
Referring.to FIG. 32, the llne in the frame #n lS
1dent1cal to the line in the frame #n+1
_ The foreground component of the object in the sixth
through seventeenth plxels in- the frame #n from the left-
“hand side thereof ls‘contalned in thersecond thrdugh
thirteenthjpixels in the framet#n—lrfrom'the left-hand side
7:thereof,'and is elso contained in tenth thrOUgh,twentyj-
first pixels inlthe frame #n+1 from the left-hand side
thereof. | | |
The eleventh through thlrteenth plxels in the frame
#n~1 from the left-hand side thereof fall w1th1n the
'hcovered background.area, and second‘through fourth plxels
-in”the'frame_#nel from the left-hand side thereof fall
within-theruncovered‘background. The fifteenth through
seventeenth'pixels in the frame #n from‘the‘left;hand side
thereof_fall within the covereo'background area, and the
~ sixth through eighth pixels_in-the frame #n from the left-
hand side.thereof fall:within the'uncouered beckground area.
.The nlneteenth through twenty -first plxels 'in the frame
“#n+1 from the left- hand 51de thereof fall Wlthln the
covered background area, and the tenth through twelfth

pixels in the frame #n+l from the left-hand side thereof

fall within the uncovered background area.




- ;To The correl ation val ue cal cul ator 321 feeds the sum of absolute val ues
of difference to the threshol d processor - 322 as a corr§A®5h8% Mslue - The
t hreshol d val ue processor 322 conpares the pi xel val ue correlated- -
images. with a threshold value thO The threshold val ue processor 322 sets
t he pi xel value of the binary objec¢t inmage to | when the correl ation val ue
is equal to-or smaller than the threshold value-thOQ and sets' the pixe
val ue of the binary object image to 0.when the correlation value is greater
than the threshol d-value thO The. bjjnary -object inmage with the pixel val ue
- set-to be O or | is thus output. The threshold val ue processor 322 may.
“store beforehand the threshold value thOQ, or may use a ‘threshold value thO

i nput from side. FIG. 37 illustrates a binary object inmage _.
“correspondlﬁéetglFﬁe ﬁﬂ@e¢QﬂrWQﬁ??nuﬁhr9%%%etW¢mEEtfa¥§H PAXELE ' 32. In

bockor SAng R T 3Bl o B e "L e Phe o b eR et rat ng ¢ e
‘ot or rimehid e’ pEPIGRRARY Ahat pion o TR T gghégl?%vg%etggggggﬁg 4
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'|nage ?ﬁtf§8ﬁoth§03eft hand side thereof fall w1th1n the

background area. Flrst through-nlnth plxels in the frame‘
. #n+1 from the left-hand side thereof fall w1th1n the | |
background aréa.

FIG. 33 illustrates the exampieiof a-backgronnd5image
corresoondinglto tnefexample illustrated,in FIG. 32, and
generated by the backgroundlimage generator 301; The
.background 1mage is formed of plxels of the object of the |
background, and 1ncludes no lmage component of - a foreground
object. |

‘_The binary object'image extractor 302 generates a
binary objedtlimage based on the'correiation between the
background image and the input image, and supplies a
chronological change detector 303 with the generated binary
object image. | | . |

FIG. 34 is a block dlagram 111ustrat1ng the
constructlon of the blnary object image extractor 302. . A
correlatlon value calculator 321 calculates correlation

_between the background image inputlfrom the background

image generator 301 and the input image, generating a

correlation value. The calculated correlation value is -




An area determ ner 342 perforns the area determ nation process to -each
pixel in. the frame #n based on the binary object |nage§p& ”&g% grane #n-1,
‘the frame #n, and the frame #n+l stored in the franme meAor 9 t her eby :
generating and outputting the area information. FIG 39 |IIustrates

the, determination process of the, . area det er mi ner 342. \Wen a target pi xe
i'n the binary object inage in.the frame #n is zero; the area det er ni ner 342
determines that the target. pixel in the frane #n falls. wthin the
background area.. . The area deteraio2r-342 deternmnes that a. target pixel
in the frame #n faIIs within the foreground area when the "target pixel of

t he blnary object |nage |n the frame #n-1 is 1, when the target pixel of

the'bl qg% %%e frame #n 3 1, and when the target pixel of

t he blnary ject |nage | ho ep¥?%ﬁﬁsﬂﬁ+§ fs 1. \Wen the target pi xel of'

- the binar e t a n'the target el of
nary Ao AR fdh WIRld AR AN d8of 231 ?aefareaaeagesﬁﬂpné"rx

t he binary object inage i'n raie 342

det t ot [ #n f th d
backgr tads Cofist BAIKDYe RIS padedPEah§ 08 [antdrad b &, A6 S0 S

2005 - s§ur 1, FQTe b i 280 Wi, (0P LAEOFhyRLIEha8] he nary

object image in the frame #n+l is e area de 9342 det er m nes
that thentétgﬁtoﬁl&?'abnshbﬁnf&ﬁnﬁlﬁn %@blsthereby calculatlng

the correlatlon value- for Y

zm__sazm

Correlation value = o : (4).

Z(Xl oY Em

=0

3 4% _ ' . o
== I : - (3)
B
Y o

The correlatlon value calculator 321.supp11es the
threshold processor 322 w1th the correlatlon value
calculated for each plxel in thlS way .

The correlatlon value calculator 321 may,apply
equation (7) to 3x3 blocks of the backgroﬁnd‘image centered
on X, as shown in FIG. 36Arand 3x3 blocks of the input

image centered on Y, as shown in FIG. 36B;‘thereby

calculating the correlation value for v,.




.mnthln t he uncovered- background FIG 40 i'l1ustrates the deterntnatlon
‘process of the .chronol ogical change det ect or 303 perfgrne&ﬂ%ae$he bi nary
obj ect i mage correspondlng to the input. inmge |IIustraﬁe% G 32. The
'chronologlcal change detector 303 determines that the first through fifth-
plxels inthe frame #n fromthe |left-hand side thereof fall within the
' background area, because.the corresponding pixels, i'n the binary object
- image-in the franme #n are 0. The chronol ogi cal change detector. 303
. determines that .the sixth through panth pixels in the frame #n fromthe
~left-hand side thereof fall w.thin the uncovered background, because the
- pixels of the binary object inmage in the frane #n are 1 and the :
“corresponding pixels in the frame #n-1 are 0. The chronol ogi cal change
detect or 303 determines that the tenth t hrough thirteenth pixels in the

~ frane, m.the . left nd si deg fall within the foreground area,
'becausefutnh %?Sggl&%vao?est%éﬂ%?rﬁ%‘ie? @%t‘%pﬁmge inthe frame .#Y)are 1, the
correspondlng pi xel s in the frame #n 1 are 1,. and the correspondlng

__pixels inthe frame_ #are-1. The chronol ogi cal change detector. 303 _
deternines that 3 August 2005 - 9 6 - the fourteenth through seventeenth_

pixels.in time rrrdimt fowmahee | €1chaadosi 91t Reeaafl thal by WH n the
-cover ed background, because the pixels of the binary object inage -
absolute values of dlfference to the threshold processor
322 as a correlatlon value.
| The threshold value processor 322 compares the.plxel
- value of correlated 1mages wrth a threshold value tho. -The :
threshold value processor 322 sets the plxel value of | the
blnary object image to l when the correlatlon value is
equal to or smaller than the threshold value tho, and sets:'
'the pixel. value of the blnary object image ‘to 0 when the
correlation value is greater than the threshold value thO.‘ |
The blnary ob]ect 1mage with the plxel value set to be 0 or
1 is thus output. The threshold value processor 322 may.
- store beforehaud the'threshold value thO,xor uay use-a
threshbld value th0 input from outside. |
. FIG. 37”illustrates a 5inary ohject image
-correspondlng'to the model of_the'input‘image‘illustrated
in FIG. 32. In the binary object-image, a pixel haviug a
.high correlation with the background 1mage is set to 0.
FIG. 38 is a block dlagram 1llustrat1ng the

constructlon of a chronologlcal change ‘detector 303. When

tThe area determlnatlon is performed‘on_the plXels in the




‘Ain the frane #hfare'i; and the'cdrréspondihg.-pixels inthe frame #n-1 are

0. The chronol ogi cal change detector 303 determnes th h i ghteenth .
through , twenty-first. .pixels in.the frane #n 'fron1tﬂ%A?%%¥§H§%d side -
thereof fall within the background area, because the pixels of the binary:
object image.in the frame #n are 0. Referring to a flora diagram :
illustrated in FI.G 41, the area determ nation of the area determner 103.
i-s discussed below. In step S301, the background image generator 301 in
the area determ ner 103 extracts ah 94rage object corresponding to a :

.. foreground object contained in the input inmage, generates a background

i mage, and-sends the generated background to the binary object image-

t 0 I S302, th i nar bject | . , 302
Cal cul SERTE AR oty R BRRA, B ORERET HET iR AT Ko B IRY CREYe
back N ' | i;ed > back ' . rator 301 through
he. pr Sosteqreans I o Bealfe B Dl SEREmAORRRL G55 1 otop

-S303, gﬁﬁpgﬁgarﬁrﬁﬁjsg%iﬂqﬁﬁ%fnggigﬁﬁ{imégg2 Qgpgéggﬁtgsgcorrelation;valug.

- with the"“thresho ue tor I'n"a binary object i nage from3

g 0% BegalMepeaetatal o st ME clJsabeLnIEEIC 1"
“det er nppakkss Eboéﬁéﬁyp&&%ﬂCQh*ﬂHﬂWﬁ%éﬂgf#n based on the binary '
| object iméges‘df-fhe framerﬁn;lf fhe'framé #n} énd'thé
frame #n+1 stored in the frame memory 341, théréby‘:
‘generating and outputtihg the_érea'ithrmatién;
FIG. 39 illustrates the qetermina£i0ﬁ préceSS of the
atea'déterminer 342. When a target pixel in the binary
objéct image'in-thé'frame #n ié‘zerd; the aréardeterminer
342 dgtermineé fhat the target pixel in the frame #n falls.
_withih the background area.. o o o
‘The aréa determiner 342 determinés‘thaf a target pixel
in the frame-#n fall$ within the fofégroﬁnd area when_fhe_
térget pixel of the binéry.object.image in the frame #n-1
is 1, whén the target pixel‘of the’bihary object imagefiﬁ.-
 the'frame #n- is 1,.apd.when the ta;gét'pixel of the binary  ,
object image in the frame #n+l is 1. B | -
| _Whén the target piﬁei of the binary object imagé in
the frame #n is 1, and wﬁen'the target pixéi of the binary
object image in the frame #ﬁ-l is‘O; the area,déterminef |

342 determines that the target pixel in the frame #n falls

within the covered background. -

When the target pixel of thé,binary object image in




routine. Referring to a. flow diagram shown in FIG 42, the area :

determnation process in step S304 is discussed in detag Qé%égp S321,
the area determi ner 342 in the chronol ogi cal change deteé&gr det er mi nes
whether a '.target pixel in the frame #n stored. in the frame menory 341 is

"0.- When it is determ ned that the target pixel is O, the routine proceeds

"to step S322.. The target .pixel in the frame #n is set as. _
falling- mnthln t he background area,, and then the routine ends. Wen it is
determned in step S321 that the targ®et- pixel in the frame #n is 1, the
routine proceeds to step S323. The area determner 342 in the
chronol ogi cal change detector 303 detern1nes whet her the target plxel I n

borr oo B A 18 4 Db YReRTERSY 28k phed" B il Find

correspondlng pi )
hat (et SElad S Pl fﬁ”e?zm@ S8 PERT R BrécZQSs |
i as Pra R aﬂi’#e‘fl’é%i‘%é%%é‘%aé Eunh Pedah Bnda outine.
3 Augu%gt%ggﬁtjmggng@yg}é& bsc et S ned in step S323 that . the tar get o
~pixel in the frame #n is or t t correspondlng pixel in the frane
C#n-l.is 1, whe. rQ%tMTid§E¥3¥%§5ﬁﬁbfﬁé¥bfﬁgﬁhtlon process of the
_chronologlcal ‘change detector 303 performed on the blnary
object 1mage correspondlng to the lnput 1mage 111ustrated
in FIG,.32 " The chronologlcal change detector 303 o
'determfnes that.the first through flfthhplxels in the frame
‘#n'from the left-hand side thereof fall within the
background area, because the correspondlng pixels in the
blnary object 1mage 1n the frame #n are 0. |
The chronologrcal change detector 303 determlnes that
the srxth through nlnth-plxels in the frame #n from the
'Lrleft hand side thereof fall w1th1n the uncovered background
because the plxels of the blnary object 1mage in the frame
‘#n are 1 and the correspondlng pixels in the frame #n-1 are
| The'chronological'change detector 303 determines that
‘the tenth through thirteenth”pixels in the frame #n from
'-the'left—hand side thereof fallawithin the foreground area,
_because the pixels of the blnary ob]ect image in the frame

.3#n are 1, the correspondlng pixels in the frame #n—l are 1,

and the correspondlnq pixels in the frame. #n+1 are 1.

The chronologlcal change detector 303 determines that




- The area determ ner 342 in. the chronol ogical change detector 303
determ nes whet her the target pixel in. the frame #n st i e frane
‘nenoryﬁ341ais 1 ~and whet her the correspondi ng. pi xel |%Aﬁgﬁ%QPb§
‘0.. Wen it ‘determined that the target pixel in the frane #n'stored in_
the frame nenory 341 is-1, and that the correspondlng pi xel in the frane
#nl is 0, the routine proceeds to step S326. The area determ ner- 342 sets
the target pixel in the frame #n. as falling within the uncovered
‘background area and ends the routie6 Wien it is deternmined in step 5325 -
‘that the. target .pixel in the frame #n is 0 or that the corresponding
~pi-xel in.the frane #n+l is 1 the routine proceeds to step 5327. .The area
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9 area information correspondlng to n resu FIG 43 is
a bl ockrghageam i hkusprating ‘yet another construction of the area
determ ner 103. The area - _

The chronologlcal change detector 303 determines that

'the elghteenth through twenty _first plxels in the frame #n
from the left-hand s1de thereof fall W1th1n the background
area, because ‘the plxels of the binary object lmage in the-
frame #n are 0.
Referrlng”to a flow‘diagramgillusﬁrated in FiG. 41;
”rthe area determination of'the area determiher-103 is - |
discussed below. TIn step $301, the baokdround image
 generator‘30i in'the—area determiner iOB'extracﬁs an image
object oorresponding to a fOreground object contained in
the input image, generates a backgrodnd-image; andlsends‘.
‘the geoerated'backgrouhd to.the bioary object iﬁage
extractor 302. |
In step S30§ the binary ob]ect image extractor 302
calculates the correlatlon value between the 1nput image
: and the background—lmage supplled from the,background image
generator 301 through the orocess discussed-with feference
to FIG. 35A and FIGV-BSB. In. sﬁep 5303, the blnary object

1mage extractor 302 compares the correlatlon value w1th the

threshold value thd to result in a blnary'object.lmage from

rame -#n+l-is .




determiner 103 illustrated in -FIG 43 uses the notion vector and the
position information thereof supplied from the notion ge&ﬁgggmogoz
~Elenents identical-to those described with reference to.FIG are o
designated with the sane reference nunerals, and the discussion thereof is
omitted. A'robustizer.361 robustizes.the blnary obj ect imge based on N
frames of binary object images supplied from the bi nary obj ect. i mage
extractor 302, and feeds the robustized brnary object. image to the
-chronol ogi cal change detector 303.-FT5G.-44 is .a bl ock diagramillustrating
the construction of the robustizer 361. A notion conpensator 381 :
conpensat es for the notion of the N frames of blnary obj ect -i mage based on-

ot o H U RIS P LREAERS 38 ATRE EB hary obj ect i mage
| a .
ompencat | onTof vak: S orEd LAk b e 43 P th %uésaac@?ﬁg%biﬂe -1,

corrpensatlon (0] ot 1’on conpensat o

t he frggﬁfﬁQmsa@%érg%éd‘ﬁ@té@ﬂfnégréﬁ[E%gs%% g@ekgﬁ © hbhﬁ%fr tg? {Ee

FIG 45 are input when the area
- frame #Bugiper.forned. Based.on the notion vector supplied fromthe frot.i on.
detector 102, the notion conpensator 381. conpensates for a notion'in t he

_ Referrlng to a flow diagram shown in FIG 42, the area
determlnatlon process in step 8304'15 discussed in detall.

In-step-5321 Vthe area determlner 342 in the chronologlcal

change detector 303 determlnes whether a target plxel ln _

the frame #n stored in the frame'memory'341 is 0. ‘When it.

: 1s determlned that the target pixel is 0, ' the routine

proceeds to step S$322. The target plxel in the frame,#n is
- set as.falllnggw;thln-the background area,‘and then then
~ routine ends. 7 | o | | |
When'it is determined in steprs321 that the'target
pixel in the frame-#n is 1, the routlne proceeds to step
§323. The area determlner 342 in the chronological change
:-detector 303 determines whether the target plxel in the
frame.#nstoredin:the frame memory 341 is 1 and whether
thegcorresponding pixelrin.the‘frame #n-l\is\d.“ When it is
determined that thertarget pixel in the frane #n stored in.
the frame memoryl341 is i.and that the corrésponding pixel
‘in the frame #n—l'is 07 the routine proceeds to step38324
-The area determlner 342 sets the target plxel in the frame

#n as falllng within the covered background area, and ends

the routlne.




frane #n-1 of blnary object i mge, and the franme #n+1 of blnary -
obJect-lnage as shown in FIG 46, and feeds the notion- §9ﬂ$§§§¥b§d blnary
obj ect images to the switch 382. The switch 382 outputs a FITs

motion= conpensated binary object image to a franme menory 383-1, and

.out put s. a second frame notion- conpensated binary object to.a franme nenury
383-2. Likew se, the switch 382 outputs “third through N-1-th frane
nmot i on- conpensat ed bi nary object.. inmages to.frame menories.383-3. through
383-(N-1), respectively,. and flnaILygouLputs an N-th frame notion-
conpensate d binary object.inage to a frame nmenory 383-N. 'The franme nmenory
383-1 stores the first frame notion- conpensated' blnary obJect | rage, and

tputs th { bi bj t t ht t ‘384-1. The fral '
-?r.‘;nﬁt‘ysggg? 8k, U BT whE St BoRo S bbb ated thnasy obi oot
[ tQut bi th ht t 384-2.
lI'gg:?r ?r}e e%gmqirjlt}sé gg?ré}eor o'h%ﬂ %ﬁ E*@?t) tb@sﬁ@t‘fgiex?gepl?%éﬂ’&l ng”ltj"ir%]r d t hr ough
N-1-th 5 lggdﬂgt#n nﬂgnﬁat n €%£¥282 ES%EGH% %Bc nd o Eﬁfts stored

bi nary ~obj ect i mages _to wei‘gh
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-'101 notion-conpensated bi nar I nage ~stored

hblnaVYd@Qb%%br'@%@edé%érﬂiﬂﬁﬁEﬂﬁéthkr”thesgarSEt pixel in the

frame #n stored in the frame memory 341 is 1, and whether
the correspondlng plxel in the frame #n+l is 0. When 1t'1s_
determrned that the target plxel in the frame #n - stored in
the frame Mmemory 341 is. 1,_and that the correspondlng plxel
in the frame #n+l is 0 the routlne proceeds to step S326.
The area determlner 342 sets the target plxel ln the frame
#n as falllng wrthln the uncovered background area and ends
=the routlne | |
When it is determined in step 5325 that the target
aprxel in the frame #n is 0 or that the correspondlng plxel
~in the frame #n+1 is 1, the routine proceeds to step 8327.
rThe area determlner 342 in the chronologlcal change
Ldetector 303 sets the target plxel in the frame #n as
falllng wrthln the foreground area, and ends the routlne.
‘The area determiner 103 in this wayidetermines which
one of the”foregroundrarea, the background'area, the |
_covered background area, and the uncovered background area
- each plxel of the lnput 1mage belongs to, based on the

background_rmage correspondlng to the input 1maqe and the

- correlation value. The area determiner-103 generates the




~ The weighting unit, 384-1 nultiplies the pixel value of the first frame

not i on- conpensat ed bi.nary - obj ect inage suppl i ed fron1t§ﬁuéﬂﬁﬁsggﬁnnry
383-1-by a predeterm ned weight w, and feeds the product Yo a sunm ng unit
385... The weighting unit 384-2 nultlplles t he pi xel value of the second
frame notion-conpensated. binary . object image supplied fromthe frame
menory 383-2 by a predeterm ned -wei.ght w2, and feeds the.product to- the
summing unit 385. Likew se, the weighting-unit 384-3 through weighting :
unit 384-(N-1) respectively nultlpLygghe pi xel values of the third through
"N-1-th frame notion-conpensated binary object inages byApredeternined B
wei ghts w3. through wW(N-1), and feed the respective products to.the

5 Th t 384-N nul tipl th | lue of -
The NAER% ip °r#%‘oatt%e9ﬁ1“€'o?%% %@llﬁﬂngf)y%sj BEtSrTRge Iy F et o i ned
wei ght  wi\, t th od { t 385. Th
Eﬁnging unl? %8 Q?Ens }%ﬁékjgl L§é%e f%?ggragﬁpguﬁﬁtmgbﬁt er ?

“frane. EBEEQ uEQ %?E§$%gﬁpﬁﬁﬁ£%ﬁﬁgtgﬁ$lhg%gfﬁﬂé %ﬁectlvely nultlplled

~ by-the werg conpar Pof 'fRe- products with a
.predetééﬁb@ﬁgnekhﬁ%%h@ﬂQQ§¥ﬂ#?édm) tf%%ebX§g§Q8EathggmBQ§oﬁ'nary Ob]eCt_:i

- I mage. 3 August 2005 - 10 e robusti zer robusti zes the N binary

ObJeCtvebﬁBBeﬁnﬁn@hEe%@%fﬂﬁ%d“%ﬂfﬁfﬂé%&@@l@ﬁérégﬁggﬁpbglgﬁefrom
the motlon detector 102. Elements 1dent1cal to- those o
descrlbed wrth reference to FIG. 31. are de51gnated with the"
same reference-numerals,wand the dlSCHSSlOD thereof is o

omitted. | S
A robustlzer 361 robustlzes the blnary object lmage ;
based on N frames of blnary object images Supplled from the _‘i
'blnary ohject.lmage extractor 302, and feeds the robustlzed
binary obﬁect‘image—tO-the chronological change detector |
- 303. | |
FIG 44 is a block dlagram 1llustratlng the-
construction of the robustlzer 361. A motlon compensetor
_381 compensates for the motion of the-N frames of binary"
object image based on the motlon vector and the pOSltlon
1nformat10n therecf supplled from the motlon detector 102
and feeds the motion compensated blnary object image to a
switch 382. )
Referring.to FIG.745 and,FIG;-46, the motion
compensation_of the'motion compensator 381 is discussed

The frame #n 1, the frame #n, and the frame #n+1 of blnary

object 1mage 1llustrated in FIG. 45 are lnput when the area




‘chronol ogi cal change detector 303. The-area deterniner 103 illustrated in
FIG 43.perforns the area determ-nation nore accuratel y;,)M@E 56&5 area
determ ner 103 illustrated in FIG. 31J.- even if the i nput I nmage contains
~noi.se. The area determ nation process of the area determ ner 103
illustrated in FIG 43 will now be discussed with. reference to a flow
di agram shown in FIG 47. Step.S341 through step S343 are respectlvely
- identical to step S301 through step S303 al ready- discussed with :
reference.to the flow diagramillugiggated in FIG - 41,.and the discussion
thereof - is omtted here. In step 5344, the robustizer 361 perfornms a
robustization process. In step 5345, the chronol ogical change detector 303
per for the .area determnation process,. and ends the routi ne. The det ai

of the%SE h&th ofnhﬁ?)r%{::%@ ¥R 8 cpersormped. d@usiedalon dhehat- of the
procesEglscusse W th ref epce to the-flow diagramillustrated in FIG -
e V8% c?ursﬁucﬁp Jh O St ‘t‘?’éﬂoﬁefiéteRé‘Pér di0%%g ttde he flora

R “°'1°P*S Heieabe i Yomab Ui 901018 ROLBH Songaror 2ot |

1o “obram: m'g:%.fc%zsmamem“tmgmestepmt:e“mf’p 0Tt on

"nfor”BEhQBthBSQQE iﬁ%@é‘%&féﬁHhﬁ*Ehfﬁtéo 6, and feeds ‘the N '
motlon~compensated blnary object 1mages to the sw1tch 382.

The sw1tch 382 outputs a flrst frame motlon— |
compensated blnary object lmage to a frame memory 383‘1
'and outputs a second frame motlon—compensated blnary object
_to a frame memory 383~ 2. leerSe, the switch 382 outputs
thlrd through an th frame motlon—compensated blnary object
'lmages to . frame memorles 383 3 through 383- (N 1),

‘respectlvely, and finally outputs an N_th frame motionQ:
'COmpensated binary objectfimage'to a frame memoryf383—N.

The frame memory 383 1 stores the flrst frame motlon-
compensated blnary object 1mage, and outputs the stored
blnary'ob]ect 1mage to a welghtlng'unlt 384-1. The frame
memory 383- 2 stores the second frame motijion- compensated
blnary object 1mage and outputs the stored blnary object to

- the welghtlng unit 384 2.

The frame memories 383-3 through 383-(N-1) -

: respectively store third through N-1-th frame motion-
-,compensated blnary object lmages, and outputs stored blnary

‘ob]ect images to weighting units 384-3 throuqh 384- (N—l).

ﬂrespectlvely., The frame memory 383—N stores the N- th frame -




detector 102. In step 8362, one of the frame menories 383 1 thfongh; 383-N'

stor.es the notion-conpensated binary object image sup i.ed tgb8¥gh-the
switch 382. In step S363, the robustizer 361 deternines ﬁﬁ%ﬂ$i he N

bi nary obj ect inmages have been stored.. Wen it is determned that the N
bi nary object images. have not yet .been stored, the routine |oops to step

-.S361 to performthe notion conpensation process on.the binary object imge

and to performthe storage process for. storing the binary .object inmage.

"When it is determined in step S363. liphat- the N binary object inmges have

been stored, the routine proceeds t step S364. The weighting units 384-1 -
t hrough 384- N nultiply'the N bi nary object images by the weights W

- throug - ctl or mel hting:.In step. S365, the summing unit 385
Suns. tﬁEW%QPg%%Q‘ qﬁ*ﬁd? J? gb@ag?naggeﬁu§§865 € summing unit

385 t b d the
su méﬁg%%?'ﬁgfﬁ Pk ég‘éeeﬁm O WO REARO rat oRRecke and. The

d d -
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- robust ¢pedshiraRr mmee@.{oelrmeconﬁpén&m@%fagpy%é%cmhg ged in the

frane -the area
supplied from the frame memory 383~ 1 by a predetermlned

Vwelght wl, and feeds the product to a summlng unit 385.

" The welghtlng unit 384-2 multlplles the plxel value of the
second frame motion- compensated binary object lmage
supplred_from the frame memory 383-2 by a'predetermlned
'weight w2, and feeds the product to the summing unlt 385.

Likewise, the welghtlng unlt 384 3 through welghtlng
nnit 384~ (N-1) respectlvely multlply the-plxel values of
the third through N—lethdframe motion—compensated'binary
object images by predetermined Weights w3 throngh w(N-1),
and feed the resoective products to the summing unit 385.

- The weighting unit 384-N'multiplies-the pixellvalue of tne
N-th frame motion- compensated binary object 1mage by a

'predetermlned welght wN, and then feeds the product to the
summlng unlt 385 |

.ihe summing unit 385 sums the pixeis of the first
thrOugh N;th frame,motion—comnensated binary object images
respectively multiplied by-the weights wil through wﬁ,'and

. compares the sum of theﬁproducts with a predetermined

_threshold value th0, thereby generating the binary object

- image. :




determ ner .103 generates t he area |nfornat|on t hat:- indi cates which one of
the -novi ng portion, the'still "portion, the uncovered gggyg qg%gsarea, and
- the covered background area each pi xel bel ongs to. Y3 bl ock
..diagramillustrating the construction of the nixture rati o cal cul ator 104.
" An estimated m xture ratio.processor.401 determ nes an estimted m xture
rati o of each pixel by calculating a nmodel. of the covered background area
~in-the. input inmage, and then feeds the calcul ated estimated mixture ratio
“to a mxture ratio determner 40_3304 _estimated m xture rati o processor
402 determnes an estimated mxture ratio of each pixel by calculating a
model of the covered background area in the input inage, and then feeds -
the cal cul ated estimated m xture ratio-to a mxture ratioq determ ner 403.
‘The assunpt F8f FHQPSFHéeébPéGtﬂﬂbQQRiﬁﬁﬁe%ﬂ%u%dbigarﬁnvbﬂgcét a "constant

‘speed f.or shutt hol ds, .the m xture rafip a of the pixel belonging to
‘the m XBg9§Fe4™ %h£§eﬁﬁe IQRHWﬁ}ﬁﬁ?4x99@ecng@???EaFPth?he m xture ratio

R S rp Porte ' theapiateeiigr Toa e o
one- g ol 16 gﬁgngﬁs: AR erbBall s b
) plxel eécﬁfﬁtgige@ﬁhﬁn@he area determlner 103 illustrated in FIG. o
31, -even if the lnput 1mage ‘contains n01se.“
The area determlnatlon process of the area determlner
103 111ustrated in FIG. 43 will now be_dlscussed with |
reference-tq—a'flow-diagram shewn*in,FIG; 47. Step 5341 .
through step S343 are respectivelj identiealkto step S$301 .
through step‘5303 already,diecussediwitﬁ,reference,to the
flow diagfam illustrated in FIG. 41{_and ﬁhe discﬁseionl_
thereof is omittedrhere. | o |
In step 8344 the robestlzer 361 performs a
robustlzatlon process. | _ -
In step 8345, the ehronologlcal change detector 303
-‘performs the area determlnatlon processﬂ;and ende-the N
3reutine.' The detail of tﬂe area determinetion‘process iﬁ
step 5345 is identical'to-that.ef-the procees Hiscusséd |
w1th reference to the flow dlagram 1llustrated in FIG. 42,
- and the discussion thereof is omitted here.
Referrlng to the_flow,dlagramr1llustrated in FIG.748,
the robustization process-in step 344 in FIG. 47 will now

be detailed. In,step 5361, the motion compensator 381

performs a motion compensation process of the input binary




-~ the change in'the mxture ratio a. is expressedzby a plan
duration of one frame is short, .the assunption that thes
foreground is a solid body and noving at a-constant speed

e.

Since the

Hhﬁﬁgoeé t he

to the anount of

gradient 'of the mxture ratioa is inversely proportional
nmovenent v within.the shutter tine' of the foreground. FIG 50 illustrates
an ideal mxture ratio a. The gradient 1 of the ideal mixture ratio a _
within the. mxed .area is expressed as being. inversely proportional to the
anount of novenent v. Referring-teoBl G 50, the ideal mxture ratio ais

‘1 within the background area, zero within. the foreground area, and above
.zero but snaller than 1 within the mxed area. Referring to the exanple

|l ustrat.ed FIG ,51, th | C06 of th | th
ram. 2 ?F&'mriwe ik A1 i Pl s mggéseﬁr%ééigr. A2 on' (8)
Vert nBegige RebEarticg %é%??ﬁtsﬂeg’# 1?9(519%%3%5% from the
P06/ v+ L 1/ F02/ vPO6+JF . st 2005.- 1

equa;/l §%§ §£59 éipl G y q so%‘?(pcl?ésgle%lﬁggmﬁ memorles %%3"

1 through 383 N stores the motion- compensated blnary ob]ect
1mage Supplled through the swrtch 382.

- In step 8363, the robustlzer 361 determlnes whether
the N blnary object 1mages have been stored When it 1s-
determined ‘that the N blnary object 1mages have not yet
jtbeen stored the routlne loops to step S361 to perform the

_motlon compensatlon process on the blnary ob]ect 1mage and

" to. perform the storage process for storlng the binary

object lmage..

When it is determined in step 35363 that the. N binary

~object images'hete been storec, the routine proceeds to
- step $364. The Weighting units 384-1 through 384-N
multiply-the N binary object“imaoes by the-weights wl
through wN, respectlvely, for weighting.

‘ In step. S365, the summlng unlt 385 sums the welghted N.
blnary ob]ect images.

In'step'8366 the summlng unit 385 generates a blnary

ob]ect image from the summed rmage by comparlng the summed‘
‘blnary object lmage w1th a predetermlned threshold thl, and
the routlne ends. |

In this way,

the area determiner 103 configured as in

FIG. 43 generates the area information based on the




- pi xel value Mof a pixel in the m xed area, and the pixel val ue P06 is
expressed as a pixel value b of a pixel in the backgrouggmaaﬁamo5
Specifically, the plxel val ue M of the pixel in the nixed area and t he
pi-xel value B of the pixel in the background area are expressed in
equations (9) and (10). M=CO6(9) B=P06(:10) 2/v in equation (8) corresponds -
to the mixture ratio a. Since the anmount of novenent v is 4,the m xture
ratio a of ‘the seventh pixel in the frame #n fromthe |eft-hand si de

t her eof becomes 0. 5. As.. di seugped-above, the pixel value Cin the

target frame #n is regarded as a pixel value in the nixed area, .and
t he. pi xel val ue P of the frane #n-1 prior to theframe #n.is.regarded as a
Equation (3) expressing the mxture

i xel bac und_ ar ea.
ﬂPatlo égkégFé%* @ FHoriads:  c=a- P+ f where f represents the sum

i fﬁseégg S i SOOI A B B 05
determlner 103 generates the area lnformatlon that |
indicates which one of the mov1ng portlon,'the Stlll

'~port10n, the uncovered background area, and the covered
-background area each plxel belongs to.- 7
FIG. 49 is a block diagram 1llustrat1ng the
constructlon of the mlxture ratio calculator 104. An
estlmated mixture ratio processor 401 determlnes an
estimated mlxture ratlo of each plxel by calculatlng a
tmodel of the covered background area in the 1nput lmage,
and then feeds the calculated estlmated mlxture ratlo to,a
mixture ratio determiner 403. |
A‘estimated mixture ratio processor 402:determines an
estimated:mixture ratio of each pixel by calculating a
model‘of'the covered background area in the input image,‘
land then feeds the calculated estlmated mlxture ratio to a
mlxture ratio determlner 403. . o
The assumption that the object of the foreground is
moving at aiconstant'speed for shutter time holds, tneg.
l.mixture ratio « of‘the‘pixel belonging to the ﬁixed area
has the following property; -Specifically,,the mixture

ratio a linearly varies with respect to‘a change in the

position of pixels. For example, if the change in the

-position of the pixels is“one—dimenSionalg‘the change in




ratio a and the sumf of the foreground conponents. 3 August 2005 -- 10 7 .
FIG 52. is a nodel dlagran1lllustrat|ng pi xel val ues ntime
- axis, wherein the anount of v is 4 and the virtual dlv%g%&ﬁ%PA?é
the'time axis is 4 in the wuncovered background. As. in the,expreSS|on of
the pixel value in the covered background area, in'the uncovered background
area, the pixel.value C of the target frame #n is regarded as a pixe
- value in the nixed area, and the pixel value .N of the frame #n+1
. subsequent to the frane #n is. regajged_as a' plxel val ue in the background
area. Equation (3) expre55|ng the mxture. ratio ais rewitten as equation
- (12). C=aN + f (12) The object of the background is still in- the above
' discu55|on Equations (8) through (12) are applied by using the pixel value
of t he (HexBLXCHIS ﬁd&ﬁq(ﬂ1%ﬁn@%ﬁﬁﬁﬁﬁﬁ¢mPYoatﬁéraﬁﬁbét1éﬂeﬁnvéﬁent v even
when t%ﬁ bgﬁnground bj ect s nDV|n For , exanpl e, when. the anmount of
novene VA feiBad (Bﬂﬁihﬂﬂﬁxﬁ S Rhgelngs. bWPrQ&We&§9P§éﬂrnunber is
, and ackgrqund.object is nDV|ng r%%htmardl ‘as. shown, - t-he
r

"plxel GEFUE BREF fRe tHS LNt LS & 2t 1 BRing¥BF eSS e BYuat PAARELR0) becones

| | val ye PQ4, . Si h of. eguat 1] d t t
Gar1 abl es. VRECEFRPuRGEPEERG §5 S Gifcttr okl | Hene bresent forms

- thereogssumptlon that the object of the foreground is a solld
- body and mov1ng at a constant speed holds

| The gradlent of the mlxture ratio o is 1nversely
proportlonal to the amount of movement v w1th1n the- shutter

time - of the foreground.

FIG. 50 illustrates an ideal mixture ratio o. The

‘'gradient 1 of the_ideal mixture ratio a within the mixed

- area is expressedras being inversely propdrtional'to the
amount of movement v. | | o '.

| Referring to FIG. 50, the ideal. mlxture ratlo a is 1
w1th1n the background area, zero w1th1n the foreground area,
and above zero but smaller than 1 w1th1n the mlxed area..

‘ Referrlng.to-the example lllustrated ‘in FIG. 51, the .
pixel value COG of a seventh plxel in the frame #n from the
left- hand 51de thereof is expressed in equatlon (8) uSLng a
plxel value PO6 of a seventh plxel in the frame #n- 1 from

the left-hand side thereof.

- CO6= BO6/v+BO6/v+ FO1/v+F02/v | .
~P06/v+P06/v+F01/v+F02/v S (8).

22 /v P06+2Fz/v

i=1




- An equatlon for approxi mati-ng the nlxture ratio a and 3 August 2005 108 . .

‘the sum of foreground conponents f in the direction of §@ﬁ&$ Pé fornul ated
t aki ng- advant age of'the property of the mixture ratio a Ihearly - '

changes in response to a change in the position of the pi xel s with the

obj ect  of the foreground noving at a constant speed. The.equation that

approxi mates the mxture ratio a and the sum of foreground conponent f is
solved using a plurality of conbinations of'... a pixel value of a pixel

falling within the m xed area and.ajpgxel value of a pixel falling within

t he background area. The change in the m xture ratio a.in the |inear

approxi mation thereof. is-expressed in equation (13). a-il + .p (13) where
i is an index in the direction of space with the 'position of a target
pixel at zero, 1 is a gradient of.a'"  -line of the mxture ratio a, p is an

“intercept of the. li.ne nlxture ratlo a whi | e being the nlxture
ratio a of Ephngﬁngp 58Qe|€3 Whye $0¢ nks | exRResSed RRodn,  but

el ati BUeRLy B h%éﬂﬁ“?hﬁgﬁeﬁ ted ey E’:‘Fé Bl bhgatrotes e
3?&3&%%“%95?3%“ b A SR o Ry B O
- two Vaﬁé@ﬁbfﬁunhnargﬁ ex%g@ Qfﬁgﬁflﬂ n Héapf§%l Jéfﬁ%rﬁxtgrghratlos of '
plxel in the mixed area: and the pixel value B of the plxel
_ln the background area are_expressed in equatlons-(Q) end ‘
©(10). | o | -' |
 m=cos o B (9)
B=P06 . o o L (1o)
'2/v in equetion'(B) oorresponds:to‘the mirture ratio o.
lrsince rhe amount of movement.v is 4, the mixturé ratiora,of
the seventh pixel in the frsme-#nufrom the left—hend side
thereof beoones‘ors.l | .
| As discussed above, the pixel value C in tne rargetﬂ
frame #n is regarded as‘a pixel'value in the:miXed*aree,,f'
and the pixel value P of the frame #n{l-prior to the-frane‘.
#n.is regarded as a pixel'value,in rhe‘background area;-
Equation (3) erpressing'the mirture ratio a is rewritten as
, equation'(llj; 7 | | |
| C=aP+ £ I (1)
where £ represents the sum ElFl/v of rhe foreground

componentS-contalned in a target pixel. Varlables

‘contalned in equatlon (11) are the two, namelv, the mlxture '

ratlo o and the sum f of the foreground components




f|ve plxels are expressed u5|ng the two varlables nanELy, 3 ‘August 2005

.109 the gradient-1 and the intercept p. Now, the nixée@guéa%bg ais

approxrnated using. a plane -as-illustrated in FIG 54 n-equation (13)

i s extended into the plane taking into consideration the novement v.in two
directions.of the horizontal direction and the vertical direction of the

i mge, the mi.xture ratio a is expressed in- equation (14). +kg+p (14) where
j-isan index in the horizontal direction with the position of. a target

~pi xel at zero,: k is an index in thaovertical direction, mis a gradient.
of the plane of the mixture.ratio' a in the horizontal direction, qis a.
gradient of the. plane of the m xture.ratio a in the vertical direction,

Ut rared ARG o1 2 agad shiSqRay LEHRBEERCLRg) PaRe losdaRhed |
ggsc:a%%l%%%eﬂmee?a@e%msfaﬁggpguﬂsogoagﬁﬁze LTI
TS RS SR S R U
:equalr%ﬂdoygkédﬂﬁgbkground ' :
| As in the expressron of the.plxel value in. the covered
background area, in the uncovered background area, the '
plxel value C of the target frame #n is regarded as a plxel
value in the mixed area, and the plxel value N of the frame
#n+1 subsequent to the frame #n is regarded as a plxel
" value in the background area., Equatlon {3) expresslng the
"mlxture ratlo a is rewrltten as equatlon (12) |
| C=aN + £ (12)

Therobject of the backgrcnnd is etill'inethe‘ab0ve"
discuseion. Equations (8) through'(12) are aoplied by
using the plxel value. of ‘the plxel in a p031tlon ,
'correspondlng to the amount of movement v even when the
background object -is moving."Eor_exanple, nhen the anount~

hof movement v of the backgroundlobjeCt is 2 and the.virtuali

'_divisor number'is'2{ and the backgronnd object is moving
rlghtwardly as shown, the plxel value B of the plxel in the:
background area-in equatlon (10) becomes a pixel value PO4.

Since each of equatlons (ll)_and (12) contains two
variables, the‘mixture ratio arcannot be.determined-in the

,present forms thereof.

An equation for approximating the mixture ratio o and




f(k) (I-'a(x)) Fc (18) 3 August 2005 110 ‘where x. represents a p05|t|on in

the direction of space. |If equation (14) is substltutegf%gﬁﬁaﬁﬁg equation -
(18) 'is expressed as equation (19), f(x)=(l-(jm+ k (-nfFc) + k
(-9.Fc) + ( (2--p) Fc ) =js + kt + u (19). where (-nFc), (-gFc), and =
“(1-p)Fc are expressed in equations (20) through (22) respectively.rs:-nFc
(20) t=--q"Fc .(21) u=(1l-p)Fc (22) where j is '"an index in
t he-hori zontal direction with the position of a target pixel at zero, and k
~is anindex in the vertical direcLiggg Ln this way, the sumof the .
foreground conponent is ‘expressed Iin equation (19) because the assunption
t hat: the foreground obj ect noves at a constant speed within the shutter
time, and the assunption that the foreground conponents coincide wth each
- ot her {thet REMy L Arrpgmarshicompenentsbf | thethe VAéreekdoni Rfure ratio a is
'apprOX|nated using the - straight line, the sumof the foregroundhoonponents

 exfPassedsi foZRydeitsn @EﬁlBQ(%SVQQFQQQJ°¥2§We property of

mlxture ratlo a that llnearly changes 1n response to a
ichange in the p051t10n of the plxels Wlth the object of the
foreground mov1ng at a constant speed The equation that

h approximates the_mlxture'ratlo‘a and the sum of foreground'
oomponent flie soiVed using a plurality of‘oombinations of .
ta'piiei value of a pixel faiiing within the mixed area and_
a pixel value of a pixel failing within the backgroundrarea.

‘The change in the mlxture ratlo o in the linear |
approxlmatlon thereof is expressed in equatlon (13)

. a=il + p .. 8 S ) (13)

where i is an index in the'direotion‘of spacehnith the
‘position;of a target pixel at zero, 1 is*a gradient'of.a-'
11ne of the mixture ratlo o, p 1s an 1ntercept of the llHE-
of the mixture ratio d, whlle belng the mlxture ratio a of
'the target plXEl. In equatlon (13),.the~1ndex i 1s known,
but the gradlent 1 and the 1ntercept p are not known.

FIG. 53 1llustrates the relatlonshlp of the lndex i,
the“gradient 1, and the‘intercept-p." | o
| : By approximating'the mixture ratio d using equation'
(13), a plurality of different miktnre ratios o for a

plurality of pixels is expressed using the two variables.

In the example shown in FIG. 53, five mixture ratios of.

_five'pixels_areaexpressed using the two variables, namely,




The-pixel value Mis expressed in equation (24) if . 3 August 2005 - 111
equations- (14) and (19) are substituted for the m xture @ }gzﬁ 5n equatlon
(13) and the sumof the foreground -conponents. M (.]nmkq+ ? S+ kt+u
=jBm+ kBg + Bp + js + kt + u (24) where unknown variables are six, nanely,
the gradient mof the plane of the mxture ratio a in the horlzontal :
‘direction, the gradient q of the plane of the mixture ratio a in the
~“"vertical direction, the intercept p of the plane of the mixture ratio a,
s, t, and u. The plxel val ue M and piyel value B are set up in equation
(24) for pixels in the vicinity of.the target. pixel, and the |east square
net hod= |s applied 'to a plurality of equations, in mhlch the pixel M :

-ahd.th plxel .B arﬁlset ﬁﬁi to calculate the mxture ratio a. For exanple,
i f. the i G- Ay $idtCXLFRE B is set up in the normal equation

- (24) for pi els 3x3 .surrounding the tar i xel. with the index | of
the target i&&Xel rﬁ%ﬁﬁ?qﬁﬁ ‘hﬁ*d&%e%??g aﬁaﬁﬁﬁouﬁﬁﬁgwﬁtﬁ 1AR& i ndex k

i oA ia s e 1Y %f"lwﬁ’%re“'ﬁ1%nl<f§>qa=ge%”%“%ed1§§f% 1)
LZ$1§23hto @Be PI%%LB%gkfﬂgnté%%'céh%iqsgihéoé +he| 3¢gmgng)v n -
| two dlrectlons of the horizontal dlrectlon and the vertlcal
'_dlrectlon of the image, the mixture ratlo o is expressed in
.equatlon (14)
| a—jm + kq + p - . , (14)
- where J is an index in therhorizontal direction with the
p051t10n of a target plxel at -zero,. h is aﬁ index in the
'vertlcal dlrectlon, m is a gradlent of the plane of the.
mlxture ratlo o in the horlzontal dlrectlon, q is a_
gradlent of the plane of the mlxture ratlo a in the

: vertlcal dlrectlon, and p is an 1ntercept of the plane of
-the mixture ratio a.

| In the frame #n illustrated in FIG. 51, equations'(IS)

through (17) are established concerning €05 through C07.

C05=a05-B05/v + £05 o (15)
C06=a06-B06/v + £06 | (16)
. C07=a07-BO7/v + £07 - . (17)

Assuming that the foreground components coincide with
-each other in the vicinityfthereof, in other words,
- assuming that FO01 through FO03 equal each ether, Fc is

subStituted for F01 and F03, and equation (18) holds.

£(x)=(l-a(x))" Fc . _7' C (18)




.. M 1,0=(-1) Ba,om{0) B 1,~q+B | op+{-1) $+(0} t+U
- 112 - Ma, 0=(0) - Bo, om+(0) .BO 0g+B0, Op+(0) S+(0) t +u('29) 4 A,frect :
Mkl e=(1) B+1, o' m+(0)B+1, 8' q+B+ , o' P+(+1)s+(0)t +u(30) S 1r+9%E2PN)
B 1, +1'g+B-1,+1'P+ { -1 ) S+ (+1) t+u(31) M, +1 { 0 Bo, +m+ (+1)
' Bo, +1g+Bo+l p+ o s+ (+1 t+u(32) M1, +1=(+1)"' B+1, +i ' m+(+1) :
B+a, +1' q+B+1, +1' P+(+1) -s+(+1) t+u (33) The index j of the targe

(28) 3 August 2005 -

t pixel in

the horizontal .directionis 0., and the index k of the target.pixel in the
vertical direction is 0. The mxtwainpatio a of the target pixel becones"
equal to the intercept p with j=0O and k=01 n equation (14). From nine

- equations (25).through (33), the horizontal gradient m the vertical ;
gradienf q. the intercept p, s,.t, and u are respectively cal cul ated using
the IegéFggad%fﬁﬁPﬁﬁﬁ?ﬂﬁ% é;EPT+ﬁ9?ﬂtéPCEB?.B1F§CB&PBqua§Pﬁﬁ@-nixture‘
ratio a. Th autine for, calculating the mxture ratio a using the |east
squar es netﬁgéqiyé} Qﬂfﬁ%:,I%Fcﬁ%ﬁ%k%%%t%%I%%F #f*) he®ARBELOR and the
ex x, the index i, the index j, and

S Saua e 00 1> 3 ! B oS
the ) nddL I BERERARA SRS LTS T 05T (VD) (3 e

in eqg
hori zont al Qr(@cjizqrit_ (% t+hq(d/:q_r tEj)c)ai,.égr adi ent -
| '=j(—m@cj.+ k(—chj %.((l—pyFé)

=js + kt + u (19)
.' wherel(—me),‘(quc),'and (1~p)Tﬁ are expressed‘in-r

equations (20) through (22), respectively.

~ s=-mFc L (20)
t=-gFe (21)
u=(l-p)-Fc (22)

where j is an index in the horizontal direction with the

position of a target pixel at zero, and K‘is;an'index ih _
the vertical direction. | |
In this way, the sum of the foregréund component is
ekpressed in equation (19) hecausézthe.assumptibﬁ-that tﬁe'_
‘foreg;ound object moVés at a constant spéed Qithin the
- shuttef-time, and-the‘éssumptibnvthat fhé.foreground
éompdnentsrcéihcide with each other in the vicinity thereof.
"are_éstablished{_ | | | | |
' When the miﬁture rétio a is approximatéd using the
st:aight 1iﬁe, the'sumLOf the foreground componentsvis;
expressed in equation (23). | - |

f(x)=is + u .

(23)

The .pixel value M is expressed'in-equation (24) 1if




"q, t he interoept p; s, t, and u are respectrvely represented by mo mt W2,

- W3, w4, and w5, and j_B, kB, B, k, and 1 areresp @ééé@presented
by a0, al, a2, a3, a4, and a5. 3 ‘August- 2005 - 113 - % I'nto account -an

- error ex, equations (25) through (33) will be remritten as equation (-35).
Mcaywy+ ex (35) where x'is one of.integers 0 through 8. Equation (35)

1 eads to equation (36). ex=M- Iaymy ysu (36) To.apply the |east squares
nmet hod, the sum of squares of error is now defined by equation {37). (37)
‘To minim-ze the error, a partial difffjgrential of the. ‘sumE. of squares of
error with respect to a variable W nust be zero. Here, v represents one
of integers -0 through 5, and wy that satisfies equation (38) is determ ned.

- d E- s ' dex 22ex dw x_ o dw $ (38) exav=0 . 3 August 2005
‘ equatlons (14) and (19) are su stituted for the mixture

ratlo a in equatlon (t3),and the sum of the foreground

*‘componente. | | |

iM=’r(r‘7jm +kq+p)B+ s + kt +u
| ';=ijt+ kﬁg + Bp +ajg_+'kt.+.u' - (24)

- where unknoWn‘variabies are six, namely, the gradient meof
tne plane of the.mixturetratio o in the norizontal -
direction, the gradient q of the,piane'of the mixture ratio;
o in‘the‘Vertical difeotion, the intercept p of the piané

-of the miXtore ratio a, s, t, and u. |

The pixelivaiue.ﬁ:and'pikel value B are set up in

- equation (24)-for pixels‘in the:vicinity'of_the target.
pixel, and tﬁé 1east sgquare methodrie applied to a
:plurality of equations; in whioh the pixei M and.the’piﬁel,
B are set up; to calculate the mixtute ratio a.

For exampie, if the pixelrvalue M or the‘pixel value B
is set up in the normal equation'(24)'for pixeiS'of-3x3

'surroundlng the target pixel w1th the index j of the target

-plxel ln the horlzontal ‘direction at zero and w1th the
index k of the ta;get pixel 1n.the vertlcal'dlrectlon at -
zero, equations (25) through (33) result. |

| M_1,_1=(-1‘)-B_'L_l-lln+'(7—71')-3_1__1'q+B_1'_1-p+(—‘1')'s+(-771)'-t+u __(25)_
MD,_'1=(0)-B,,',_l-m+(-1)'Bu,_lfqéneo,_l-pﬂo)~s'+',(q1)-t+j1 . (26)

M, ,=(+1)B,, ,M+(=1)B,, ,q+B,, ,p+(+1)s+(~1)t+u _(27)

M—l,tt:("'l)'Bél,ﬂ'm*'(0)'B-1,o'q+B-1,-o'p+(‘i)_'S+(O-)'t+u , : ,(2_78)‘ 7




114 Equation (36) is substituted for ex in equation and then.equation.(39)
results. .a s .a Y(avYaywy)=javMk 38)., (39). To calculat§ ﬁ%wﬂgaﬁgsweep-out
met hod (Gauss-Jordan. Elimnation Method) is applied to # nor mal equati.on

~eontaining six equations which are obtained by substituting integers 0

through 5 for v in equation (39). As described above, wOis the horizontal

gradient m wl is the vertical gradient. q, w2 is the intercept p, w3 .is s,
w4 is t, and ws The horizontal gradient in, the vertical gradient g, the
intercept p;. s, t, and u are determiped by applying the |east squares
met hod t-o the equations in which the pixel value Mand the pixel value B
are set.” The intercept pis the mxture ratio a at a center point with the

Indexes | h-510) (i) S,PHLBUL 0\ 1 e g eusstn-of el ons (29
st be-for frat bR PR e T 0d et BF TR CARE BTdie 10 n Wi doover edt
‘background g7 eaqt 1yl Nead AHYUSY, 2408 ;B HF2491Sq - LAgkOT 3y area.
My = (0) By (+1) By, qHBy LBt (0) S+ (+1) thu (32) .
Moy g™ (F1) Byy, oy T+ (+1) B 1 o' G+B, o+ (+1 )64 (+1) t4n (33)
The index j of the‘targétlpixel in the horizontal
~direction is_OgJénd the index k of the target.pixel in the
| ve;tical di;eétion is 0. The mixture ratiﬁ.a of the téfget
'pixel becomes eqﬁal to the intercept p with jﬁo and k=0 in.
equation (14). | | |
From niné_éqﬁationé'(25).throﬁgh (33), the horizontal
"-gxadientfm, thé vertical gradient.q,_the intercept p,.s, t,
and u are iespédtiveiy calculatéd‘using the least squares |
~method, and the intercept p is oﬁtput'as the mixture ratio
o. | | | o
_The'roﬁtine‘for calculating the mixture ratio a using
the least squarésrmethod is specifically discussed beloﬁ..
| If the iﬁdéx“i and the index j are expressed using a
~éing1e indexlk, the;index i, the index j,land the'index X
érelrelatgd.in_eguation (343, | | | |
x='(jrf.1)-3 +(k+ 1) | | . (34)
Therhorizoﬁtal gradient m, the verticalng;adient q;:
i'thé intercépt P, s, t, and u aré'réspedtively repreéenﬁed

‘by w0, wl, w2, w3, w4,-and'W5, and iB, kB, B, j,'k,‘andrl

‘are_respectively represented by a0, al, a2, a3, a4, and a5.




When the mixture.” ratio a of the pi xel contai-ned in the cover ed background
in the frame #n as shown in FIG 51 is determ ned, plxe§§m§94 “obE ough C08
in the frame #n and pi xel values P04 through P08 of the pI TSI the frane
#n- .1 are factored into the normal equation. Wien the mxture ratiro a of
‘the pixel contained-in the. uncovered background in the frame #n as shown
inFIG 52 is determned, pixels C28 through C32 in the frame #n and pixel
val ues N28 through N32 of the pixels in the frame #n+l are factored into
the-normal equation. Wien the 'm xtuge ratio a of the pixel contained in
the ' covered background as shown in FIG 55 is calculated, equations (40)
't hrough (48) hold. The pixel value of the pixel for. calculating the
mXxture_ratio.a,is Nt NC = (-1)<Bcl m+(--1)Bel - + 1)s+ 1)t +u( 40)
Me2=( . GPEEA% ENYBES -RQ»%%—OE)?%iKQQB Eond 588 £hr g

Wea=(- 1P aa ) 523“%’33*‘#&{)1 i ()

Nt5 (0) Bc5m+( 0) Bc5qg+Bc5p+(0) s+(0) t +u . (44)
Mc 6= (+1)Bc6nw(0)Bc6q+Bc6p+(+1)s+(0)t+u(45)

M7 1) Bc7q+Bc7p+( - 1) s+(+1) t +u(46) McB=(0 ’ |
Bc8n§($%§82§g$&“%%f 0?s+(+g)§+u%47§ Jrrula) ( ) (35} _
Mc9- (A—Bchw(+1)BcQa+BcQ p+(+1) s+(+1) -t +u( 48) When t he m xture. ratio-a of

the pixel contained in the -3 August 2005 - 116_ covered background in the
- frame #n is calcul ated, the pixel _

Where X is one of J.ntegers 0 through 8.

Equetlon (35) lea_ds to equation (36).

ex= Mx Zay wy o 7 .:_ | ' (36)
C =D ‘ - . ' B L
Po apply the least squares method, the sum of squares

of error ‘'is now defined by -equ‘ation (37).
E=Eex2 o . S (37) B

To minimize the error, a partial differential of the
sum E of squares of error'with respect to a‘variable‘Wv-
must be zero. Here, v represents one of J_ntegers 0 through

5, and wy that satlsfles equation (38) is determined.

& ‘;o"cx
rawv ES
(38) -

}B:ex-av 0 7




val ues. Bcl - through 'Bc9 of the prxels in the background area  of the- prxels-
~in the frame #n-1 corresponding to the pixels in the fésﬂg Dok € used |n
-equations (40) through- (48),. Wien.the mixture ratio a © Re. prxel s : -
~contained in the uncovered background area is calculated, the following = -
equatiions (49) through: (57) hold. The pixel value of the prxel for o
calculating the mxture ratio a is Mi5. ' _
-Mul=(-1)Bul mt(-1)Bulg+Bulp+(-1)-s+(-1)t+u(49)
Muu2=( 0) Bu2mt( - . 1) - Bu2q+Bu2p+( 0) s+(t 14 -t+u(50) .
Mu3=(1) Bu3m#( - 1) -Bu3q+Bu3p+(+1)s+(-I )t +u(51)
- Mu4=(- 1) Bu4- m+( 0) Bud- g+Budp+(-1)s+(0)t+u(52) Mi5= (0) Bu5nw(0)
Bu5q+Bu5p+(0) s+ (0) t+u(53) Mu6=(+l)Bubm+(0)- Bu6q+Bu6p+(+1)s+(0)t+u (54)
Mi7=(-1)Bu7m+(+1) Bu7q+Bu7p+(-1)-.s+(+1)t +u. (55)
- Mu8=(0) Bu8mt( +l ) Bu8. q+Bu8- p+( 0 s+(+1)t+u 56) Mug= (+l) Bu9mt(+1) S
Bu9- q+Bu9p+liq333 1gn+(§6rp)1§+§u FFItikeR dRE r‘ﬁxxtlulr equRtiem G¥8the pi xel _
~contained in.th uncover ed background in the frame #n is.cal cul ated, the
" pi-xel E%eﬁhﬁq?hFoﬁﬁh(ﬁﬁg BPSFHESprers in the background area of the

" pixels-in the frame #n-1 corresponding to the. pixels in the frame #n in

'1_|Ilust

' equatrons 2%?9) through (57) are used. .FIG 56 is a block diagram
: an est m xture ratio processor 401. The i e input to
the 3 Bo8) = Em rﬁ&r

estimated m xture ratio processor 407 is fed to
a delay :

To calculate wy, the sweep—out method (Gauss Jordan‘
Ellmlnatlon Method) is applled to the normal equatlon
| containing six equatlons which are obtained by substltutiug,
: integers 0 through‘Srfor v ih equatiou (39). As described'
aboVe; w0 is the horirontaligradient m, wl is the vertical
-gradieutfq; w? is the intercept p, w3 iscs,'w4 ia t,-aud w5
is u. ' o
. The horlzontal gradient m, the Vertical gradient'q;
the iutercept p,:s,rt,‘aud u are:determiued by applying'the
least squares method to the equatious in which the pixel
_valueiM‘audrthe-pixel_value B are set.’
| The intercept p is'the‘Mixture‘ratio @ at a center
point wrth the indexes i and k at zero, and -is output
In the dlSCuSSlOn of equatlons (25) through {(33), the
plxel value of the plxel in the mixed area is M and the
pixel value of the plxel in the. background area is B. Thel

normal equatlon must be formulated ln each case when the

o target pixel is in the covered background area or in the




.circuit 501 and a pixel value setter 502. A delay circuit 221 delays the -
i nput inage by one-frame, and feeds the del ayed input'igﬁg§u§e?bge_pixel
value setter 502. The delay circuit 221 supplies the pixeF value setter
502 with the frame #n-1 when the frame #n is fed as the input inmage. The
pi xel val.ue setter 502 sets the pixel value of a pixel in the vicinity of
a pixel for which the mxture ratio a is calculated, and a pixel -value in
~the frame #n-1 in the normal equation. For exanple, based on equations-
(40) through (48), the pixel value sgiter 502 sets.the pixel values M1

t hrough M9 and the pixel values Bcl  through Bc9 in the normal equation.
The pi xel value setter 502 supplies an arithnmetic unit 503 with the nornal
equation wi th the pixel.values set therewithin. The arithnetic: unit 503

sol ves W@ YRsiath bagfigrowrd auedtied from the pixel value setter 502 using
the sweep-. out nethod to determ ne the estimated m xture ratio, and

out put s ' t he "&ethieh aHlxdsiFeraf alel ori « t oF ethatpbxel ncentaingyd inhshesti nat ed
cmxture ratio processor 401 cal cul ates the estinmated mixture ratio based on -
the i nﬁ&vqrﬁé’g&a%qq% Inche theans t¥npdeoshewRuis Fa6io5loifhe nixture
estimated, m xture'rati g processor 402 has the

L ;:trre[O- %%&%'f%%eg% HART IR HeV st e @dtreReufe 2B o processor
_401’ aBQx%Hevgh%%%s %%7€H¥¥€§ﬁ ﬂé%‘%?téﬁ§’£§§§is in the fréme #n-
| .J1Aaré,factored into.the‘normal equatiqh.

Whén the mixture ratio a of the pixel éontained:in the
gﬁcoﬁéred background ih the frame #n aé showﬁ in'FiG. 52-is'
deté;mined, pixéls C28 thrbugh C32 in the frame #n and
1pixel'values N28 thfoﬁgh N32 of the pixels in-the-frame 7
l#ﬁ+11aﬁé factored into the normal equation.

_.When the mixture ratio a of the pixel contained in‘fhe
 covered background és.$hown'in FIG. 55 is calbﬁlated, |
.':equations (40) through (48) hold. The pixél value of the

-'Pixel fof_célculatingjthé mixture ratio a is ﬁcS.

Mc1=(—in¢Lm+(elYBCLq%Bch+(f1ys+(~1yt+u. (40)‘

MC2=(0)-Bc2mt (-1)-BC2:gq+Be2:p+(0)-s+(-1)t+u  (41)

'MC3=(+1yBc}m+(—lyBc}q+Bc}p+(flrs+(—1yt+u (42)

Mc4=(-1)-Bcd'm+(0)-Bcd-q+Bcd-pt(-1)-s+(0)-t+u (43)
Mc5=(0qu5@+(OyBc5q+Bc5p+(0ys+(0yt+ul T {44)
. Mcs=(+1')'-13c‘6'-m+(0)-Bc_6-q+Bc5-p+('+f1)-s+(0)»t+u (45)

Mc7=(~1)Bc7m+(+1 )-Bc7'q+Bc7-p'+( -1)s+(+1 )'-_t+u‘ (46)
_ Mc8=(0)-Bc8t (+1)'Be8:q+BeBpH(0)-s+(+1)-t+u (47)

'Mc9é(+lch9m+{+ITBc9q+Bc9b+(+fys+(+1yt+ur (48)

When the mixture ratio a of the pixel contained in the




FIG 57 illustrates an -exanple of the estimted m xture ratio cal cul ated by
the estimated. mxture ratio .processor 401. F@ferrin Qaldi Spo 7 the
novenent v.of the foreground object noving at a’ consta s eed rs 11, and
the equations are formed using a bl ock of 7x7 pi xel s as a unit. The
estimated mixture ratio is then calculated fromthe equations and is
illustrated with respect to one line. The estimated m xture ratio generally
l'inearly changes in the mxed area as illustrated in FI'G 50. -The m xture
rati o determner 403 sets the m xtuige ratio based on the area information.
which is provided by the area deterniner 101. and indicates which one of

the foreground area, the background area, the covered. background area,
th.the, mxture ratio -

d th d,back d h |
Fher coPoV BB BB ey e ' abbertated. deberREAeE 408 sets
th t J the, f d

Ca, TVALHEE BEN Rk “&5 o %%ar%%eqaﬁb%”g$?§%¥0%€@oﬂ§é§?é°?ﬂe |

ar ea

back t t to th t t t t
_S‘E}Sp:g.r §§|? -ﬁz‘ﬁéfié?» tt**% e T o%ae%pooaicii%?'% %ﬁé“ﬁf}tﬁ% St ;??'e? |

" p1 Xe S C r e ure ratlrro to
Phe estinet oot rane 2 AF Soad % Sfﬁ%%&%rr%%fd&sﬁ%%é@ G the T 0
est i mat ed ”WKéHrEhéaﬁthtQE@C‘E§§96 402 LR tpil%{élasf WhnePid&d £g ongs to the

" uncovered background area
the uncovered . background area is calculated, the follow1ng

.equatlons (49) through (57) hold. The plxel value of the

plxel for calculatlng the mlxture ratio a is Mu5. | |
.Mulf(-l)BuLm+(-1yBqu+BuLp+(—1ys+(—1yt+u | (49)
fMu;=(0yBuzm+(<1yBuzq+Buzp+(pys+(;iyt+u- (505

Mu3=({1yBu}m+(—1yBu}q+Bu}p+(+lys+(—1yt+uS {51)

Mu4=(5lyBu¢m+(OyBu¥q+Bu¢p+(—iys+(0yt+u '(52)
Mu5=(OyBu3m+(0yBu5q+Bu5p+(Oys+(0yt+u o k53)
'Mu6=(+1yBu6m+(oyBu6q+Bu&p+(+1ys+(oyt+q (54)

Mu7=(-1)Bu7m+(+1)Bu7-gtBulp+(-1)-s+(+1)t+u_ (55) -
Mu8=(oyBaam+(+1yBa&Q+Bu&p+(oys+(+1yt+u . (56)

;ﬁU9=(+1yﬁu9m+(+1YBu}q+Bu99+(+lys+(+1yt+u_ (57)

- When the mixture ratio « of the pixel contained in the
uncovered background.ih the frame #n is.calculated, the
pixel Values'Bul thfbugh Bu9 of the pixels in the |
background area of the pixels in the frame #n-1
correspondlng to the. plxels in the frame #n in equatlohs'
(49) through (57) are used,

VFIG. 56 is a block diagram illustrating an estimated

mixtura ratio processor 401. The'image; input to the




‘mixture ratio determ ner 403 outputs the mixture ratio that is determ ned
_i'n response-to the area information. Referring to a fl di a

‘illustrated in FIG 58,. the calcul ation process of thg¥%¥§Hg?@&$atlo
calculator 102 for calculating the mixture ratio is discussed. In step
S501, the mxture ratio cal culator 102 acquires the area information
‘supplied fromthe area determiner 101. In step .5502, the estinmated

m xture ratio processor 401 perforns the nlxture ratio estimation process
using the nodel of the covered backgyound area, and feeds the estimated

m xture ratio to the mixture ratio determ ner 403. The detail of  the

mxture ratio estimation process will be discussed later with reference to
a flow diagramillustrated in FIG 59.. In step S503, the estimated m xture
ratio pPo&LBEESA m&%@ﬁ&ﬁﬁﬁﬂﬁﬁ?tHEQQﬁﬁﬁQﬁeﬂQbi|b5e§@¢nﬁ@|@nd9léﬁess usi ng
the nodel of the uncovere ack round area, and feeds the estinmated
nlxturSlFﬁPFB 59& R ﬁ:ﬂ q?(ﬁﬁ?ﬁ?ﬁrﬁﬁ 403. In step 5504, the

m xture ratjo Iculatorligé det whet her the mixture ratio is
‘esti'mat ed fé éyeﬁﬁFFE e, %;%ﬁﬁ%ﬁrﬁmﬁﬂﬁt@¥u°$ﬁe estlnatlon

oL EEbRL 8hSkR3ds B %&%‘Me‘” W A Jhe GFLEkE ¥AREEre ratio
L e, S R BRSSP TR R gt o0
' setter 502 with the frame #n-1 when the frame #n is fed as o :
the 1nput image.
The pixei &alue setter 502 sets.tﬁe‘piiel value ef a
A',pixel.in the vicinity ef adpixel for which the mixture
ratio o is calculated, and a piael ﬁaiue in'the ftaﬁe #nfl_
din the'nermal eqﬁatidn. For example, based on equatiene
- {40) through (485, the bixel value setter 502 sets the
pixel values;ﬁeirthrodgh Mc9 aﬁdrthe pixel values Bcl
fthrough Bc9:in the ﬁdrmal‘equation. The pixel value setter
502 Supplles an arithmetic unit 503 w1th the normal
equation with the pixel values set therewithin.
The arithmetic. unit 503 solves the normal equation
',Supplied from the pixel value setter 502 using the sweep-.
out-methdd to determine the estimated mixture.ratio, and
outputs tﬁe determined estimated mixture ratio.
'Ih this way, the estimated mi#ture ratio processot 401
'calculates the estlmated mixture ratio based on the 1nput

image, and then feeds the estimated mixture ratio to the

mixture ratio determlner 403.

The estimated mixture ratio processor 402 has the same




|

L‘foufine_proéeedsjto step S505. The mixture ratio determner 403 sets the
" mxture ratio depending on the area information which i§ABp&¥@ggg by the
- area. determner 101 and indicates which one of the foreg :

ound area, the
background area, the covered background area, and the uncovered background
area each pixel with the mixture ratio "'thereof.to'be determ ned bel ongs
to. The m xture ratio . determ ner 403 sets the mxture ratio to 0 when the
target pixel belongs to the foreground area, sets the mxture ratio. to |
when the target. pixel belongs to _thegghackground area, sets the mxture
ratio to the estimated m xture rati o supplied fromthe estimted m xture
ratio processor 401 when the target pixel belongs to the covered.

"background area, .and sets the mxture ratio to the estinated mi xture

rati o SYFtErtigmas haktofuthd eskinatedanistprecessdo 402 when the
target pixel-belongs to the uncovered background area. In this way, the

m-xt ur PEeRgsE a4l atand 1dre dhseusaien therapft dreomititedahetriech is a

feature quantity of-each pixel, based on the area information supplied

" fromthe ar &3 GetSdr dildds tiBtesm En hexamphe e f nebe. eFhématedof the ni xture

ratio a.allows the foreground 3 August 2005 -,121 conponent and the

" packgr BdRFUEEFATESR A AHatRd Y v‘glll%lees‘%ia‘“%’ée@elpéx‘aﬁéé #Rthot he notion

qur"infornatioq ﬁontaiq?d in the inﬁge of -the noving object left intact.
-, processor 40l.  Referring to FIG. 57, the movement v of the

: foreground,objeét_movinq at a constant speed is 11, ahd the
‘equafions are formed using a blbck'éf T7x7 pixeis as é unit.
The estimatéd mixture ratio is then calculated from the |
_quations'and ié,illuéttated with respect to one line.

The estimated mixture'yatib generéily liheérly changes
in‘thé_mixed area as-illustrated in FIG. Sb. |
 The mixture ratio determiner 403 sets thermixturé

-'ratio based bﬁ the area information which is providéd by

'rthé'aréa determiner 101 and indicates which one of the

'.foreground:aréa, the background_a:ea, the covered |
babkground aiea, and the unco&ered backgtoﬂnd aréa each

: pikel with the mixture ratio thereof;td be detefmined‘
belqngs tp. VThe-mixture ratio determiner 403 sets the

"mixtu;e ratio to 0 when the target pixel belongs to‘tﬂe
foreground afea,_sets‘the mixture ratio.to'l when the
target pixel belongs to the background area, sets the
mixture'ratio‘to'the_eStimatéd mixture ratio supplied from

the estimated mixture ratio processor 40l when the target

pixel belongs to the covered background area, and sets.the

 mixture ratio to'the estimated mixture ratio supplied frbm 




. The mixture ratio' estimation process using the nodel of the covered _
background area, corresponding to step-502 in FIG 58 ?Aﬁ @ﬁ@g sed with
reference to the flow diagramillustrated in FIG . g 21, t he -

L pi xel - val ue setter 502 sets the pixel value of the plxel contalned in the

i nput i mage, -and the pixel value of the pixel contained in the imge

- supplied fromthe delay circuit 221 in the normal equation correspondlng to
‘the nodel of. the covered background area.. In step S522, the estinated

“m xture ratio processor 401- det ermilids -whet her t he setting of the pixel
value of the.target pixel is conplete. Wen' it is determned that the
setting of the pixel value is not yet conplete, the routine |oops to step

' h I ' ted. -

ren N SR AR e IR B R O
rit i c uni C
S T N U

cal oul aibithrd Mo |dB S That U F3 | ShL0aa00cRU! RULELOD | 1he; determ ned

estimated ratio. I'n this way, the est Xture ra processor 401 3

TEAugustl%oaitefﬁi%éaﬂiﬁnfﬁgﬁbﬁg@ €§ttﬂ@t§PeQ‘¥ﬁfﬁfm5E bﬁ_based on the |npot
I mage. The m xture ratio estinmation process o o _ .
- Referrlng to a flow dlagram lllustrated in FIG. 58,

the calculatlon process of ‘the mlxture ratlo calculator 102
‘for calculatlng the mixture ratio 1s discussed. In step
5501, the mlxture ratlo calculator 102 acquires the area

: informatlon supplled from the area determiner 101. 1In step

128502, the estlmated mixture ratlo processor 401 performs
the mlxture ratlo estimation process usrng the model of the
covered background area, and feeds the estlmated mlxture.
ratio- to the mixture ratlo determiner 403. The detail of
;the mlxture ratlo'estlmatlon process will be discussed-
later with reference to a flowrdiagram illustrated in FIG.
59. | |

In step.SSO3 the estlmated mixture ratio orocessor

402 performs the mlxture ratio estimation process us1ng the
model of‘the uncovered background area, and feeds.the
estimated-mixture ratiOTto'the-mixture ratio determiner 4b3;
. In step s504, the.mixtﬁre ratio calculator 102
determines whether the mixture.ratio is estimated:for the :
entire'freme.r When it isdetermined that the estimation of

the mixture ratio is not'completed for the entire frame,

the routine returns to step 5502 to perform the estimation



"t he uncover ed background in step 5153 |Ilustrated in FIG .58 remains-
'junchanged fromthe process in.the flow di agram |IIustr§ e@ SBEGf 59
‘whi-ch uses the normal  equation-of .the nodel of. ‘the uncovVere ackground -
area, and the dlSCUSSIOﬂ thereof is omtted here. In the above . discuss. .
—-i'on, the object of the background is-still. Even if the imge ‘
correspondi ng to the  background area has a noving conponent,; the above
referenced mxture ratio deternination process is applicable. For exanple, -
- when the image corresponding. to ‘:%%Q_background'area uniformy noves, the -
Trestimated miXture T rati o processor 401 perfornsT the sane.” pracess as when
the- object of the background is:still, by shifting the entire inmage in

~accor deficehwi hxtheempeaiENtEo M tist r?g;eepf the background area .
cont ai ns.'novi ng portions different from location to.location, 'the

~esti nat ed nivkenr étr aki detpiridessbrin sAkb I ECtishPt Xehs' es;ﬂlm@ﬁﬂ@ﬂse'to -
- respective, novenents, and perforns the above-referenced process. The -
"n1xturefraheommatumbatam1b045nnpmyﬁéﬂﬁdnﬂﬁ&ytﬁ@eenmiﬁéuffamat|ﬁhestlnatlon
process of the, nodel corresponding to the covered background area for all
p|xelsroahdnﬁaprooaedattbh@teﬂ(ﬂﬂ&ﬂﬁxiTnEnmxxnumb maktare rati-o as the .3
~August 2005 m xture ratio a. In this case, the mxture. ratio a indicates

the read¢benhinge HABKkgetsndheomictane fr@rtltdwelqpemimq)@mnghmgareathe

-~ covered background area, ‘and indicates the ratio of the foreground
= Conpongﬁtoygat%g@ Whlch is prov1ded by the area determlner 101

and 1ndlcates whlch one of the foreground area,lthe
baekground area, the covered background:area,_end the .
uncpve:ed_beekgieund,area-eachrpikel with the mikfure ratio
‘thereof to be determined belongs ;5.' The mixture ratio
detefminer 403 sets the mixtﬁre‘retio.to 0 when the.tafget :

A_pixei‘belonge to ﬁheAforeground area, sets the ﬁixture

- retioito 1 when the\téfget,pixel;belongs to the_ﬁaekgrpund'

. area, sets the mikfﬁfe ratio te tﬁe.estimated mixtuye ratio
sﬁpplied from the estimated.mixture ratio processor'4dl_
when the-targeﬁlpixel belongs-tO'thefcovered background
area, and sets'the,mixture.ratio_to the estimated,mixtufe‘-:
ratio su?pliéd from the esfimated mixture ratio ptocessor

‘ 462_wheh'the target piiei-belengé te fhe-uncevered |

.baekground aree.' - |
| | In this way, the mlxture ratlo calculator 102
calculates the mixture ratlo a whlch ie a feature quantlty

‘of each plxel based on the area 1nformat10n supplled from
the area determ;ner 101 and the 1nput image.

‘The use of the mixture ratio « allows the foreground




.~ pixels belonging to the uncovered background area. The absol ute val ue of
.. the difference between the mxture ratio a thus. calcuéghggﬂaﬁgsl in
‘connection. with the pixels in the uncovered background area’i's -
cal culated, and the calculated absolute value is-set as a mxture ratio a.
The signal processor 12 thus determ nes the mxture ratio a indicating the
~ratio of the background area for the pi-xel s . belonging to the uncovered
background. Similarly, the mxture §a§ig calcul ator 104 may performonly
. the mixture ratio estination process of the nodel corresponding to the
~uncovered-background-area-for-all -pi xel s, - and-may* out put the catcul-ated--
estimated m xture ratio as the mxture ratio-a. The foreground and
backgr69W60§6B§raFértb@534§kQﬁQﬁﬂﬁﬂﬁﬂﬂnﬁﬂQN¢ rEheopisedh vabek di agram -
_|IIustrat|ng one exanpl e of' the foreground .and background separator 105.
The i npBit Pei AgRarp&gd: yithe ther agtoam bh%wr@@wns@%tmmdlos is
-input . to arator 601, a switch 602 and a switch 604. The "information
"|nd|cafPnbh?hgm€8§e9§dtB§tWQM%ﬂﬁjQHiﬁfﬁﬂﬁPﬁ¢m#QﬁQﬁF-|nfornatlon fromthe -
. area deterpiner.103 indicating the uncovered background area_ are 3 August
2005 - 124 TheMiETERE L8 &Paﬁgitlgﬁfloﬁné’%"é‘"ésl ot h Tefetating  the

f oregr rea is-fe the switch 602.  The area: |nfornat|on |nd|cat|ng
the ba%’ﬁg%%nﬂ%sd BaBg-pintha ="y Fairmsponding o FEE &6 "

in FIG. 58, is dlscussed with reference to the flow ‘diagram

; 1llustrated in FIG. 59. -
In step 8521, the plxel value setter 502 sets the

'pixel:value'ef the;plxel contained in the input image, and

'_therpikel value of the pixel contained in the image
‘tsﬁppiied-from'the deiay eircuit'221 iﬁ the,norﬁal-equatien
‘cerresbqnding-to the medel of the covered background‘areale
In step 8522,.the‘estimated ﬁixture,ratiefprocesser
-4dl-determines whether the setting of the pixel vaiue of
the target plxel is complete. - When it is determined that -
the settlng of the plxel value is not yet complete, the |
_routlne loops to step 8521 The settlng of the pixel value
. 1n the normal equatlon is repeated.

‘When- it is determlned Ain step §522 that the settlng of
ﬂfthe prxel value 1s complete,.the routlne proceeds to step‘ir
5523. The arithmetic unit 173 solves the normal equatlon'
w1th the pixel value set therew1th1n, thereby calculatlng
‘the estlmated mlxture ratlo and outputtlng the. determlned

estlmated ratlo

. In this way, the estimated mixture ratio processdr'401




. foreground conponent to a synthesizer 603. Furthernore,. the separator

. The nmixture ratio 'a supplied fromthe nmixture ratio calculator 104 is fed
‘to the "separator. 601. The separator 601 separates. the forﬁg ﬁ@?
-conmponent fromthe input imge based on the area i nf or 2 catlng the
- covered background area., the area information i ndi cating the uncovered

background area, and the m xture. ratio a, and feeds the separated

601 separates the background. conpone@ﬁ fromthe input inmage, and feeds the
separat ed background conponent to a syntheS|zer 605. |n response to the
area |nfornar10h“1ndroattng the toreground area; “the-switcth-602is.
'-closed the pixel of the foreground is input; and feeds only the plxels

of thet? SPeaFﬁﬁn&h€oﬁ?§FW€dQQ1mﬁﬁ¥q9ﬂnﬁaq#ﬁuﬁﬁdQﬂtqﬂe%@%th@@ﬂ%er 603. In

response_to the area information indicating the background area, .the
: smntchl%ﬁﬂ s cl osed when the pixel of the background , 1s input, and feeds

ly th | f the background.contained. in the ut image_to the
ggnt/hes?zglrlfﬁ%?fggxguﬁﬁgﬁgg goﬁgtlmfgﬂ'onm’éoé’ﬁf‘tsh&q G‘H%d%%/?ﬂjhesi zes a

o f d h f d fed .
1o LS WRAPRER sodRARAtRC g Rl TN SR el Al o 1 he
S“‘tchﬂpqgemafﬂg QHEHHhae&h%rBM”Eﬂ%Sb%%%es%r%%T W £1 0w diagram
1llustrated in FIG 59 Wthh uses the normal equation. of

.the model of the uncovered background area, and the

" dlscus81on‘thereof is omltted here.

-In7the above]discussion, the‘object of the background
is still. EVen if the image cbrresponding to the

background area has a mov1ng component, the above-

l. referenced mlxture ratlo determlnatlon process is
appllcable. ‘For example, when the image correspondlng to
‘the background area unlformly moves, the estlmated mlxture
ratlo processor 401 performs the same_process as when the
object.of the background is still,‘by shifting the entire
‘image in accordance with the movement. When the imade of;
the background area contalns mov1ng portlons dlfferent from -
locatlon to 1ocatlon, the estlmated mlxture ratio processor
-401 selects pixels’ in response to respectlve movements, and I
‘performs the above—referenced process.'

The mlxture ratio calculator 104 ‘may perform only the
mlxture ratio estlmatlon process of the model correspondlng'
to the covered background area for all plxels, and may

- output the calculated estlmated mlxture ratlo as the




_cbnponent inage 'Sihce the foregrOUnd area and the mxed area do hot
overlap each other, the synthesizer 603 synthesizes th$ for % ﬁg
.conponent inage by CR—gatlng t he conponent of the foreg AE%t he plxel

. of the foreground:. - During an initialization process executed for a.
~...synthesis process of the foreground conponent image, the synthesizer 603
,stores al | i mages havi ng pi xel values of .zero in.the built--in..frane
‘menory, and then. stores (wites) §3foreground conmponent inmage in the

~ synthesis. process of the foreground conponent image. Cut of the

. ——f-or-eground -conponent - i-mage. out put—f-rom-t-he--synt-hesi-zer- 603, -t he pixel-s - -of

.-the background area have pixel val ues' of zero. The synthesizer 60.5
synthe@ixbgreheabaokgnouﬂ@ tddmperead, ittegenixisace omtbe.abackground ‘
conponent 'supplied fromthe separator 601 and the-pixel of the background
suppl|é@d1¢eﬁﬁstﬁbesﬁﬁﬁeﬁ 664 then dasikguaund eompanendsi fad. thackgr ound
‘conmponent inma " Since the background area and the m xed area do not

over | apl¥atH g?ﬁ@ﬂglﬂﬁetgyﬁﬂlﬁe§ﬁ’@fec’6@@m #awahenshckgr ound
. conponent i mge . bx atin t he. backgr ound conponent and the pi xel
~of 't he'BAtkyFeanale B ilﬁgogntrhﬁ’l fHogIagramngh oompanentexutdie for a 3

- . August .. 2005 synthesi s rocess -of ‘the background .conponent i mage,
~ the KMt ?i% 9% °%@5n§t59e§h§IP%Fﬁ§§§§dh§ﬂ W&§JQRﬁQKx;?ﬁezero in the

built-i st ores es) .t he bac%ground conponent

L f
7|nageQ¢%?%% %yﬁaﬂgglgfagggeggggerence bgtween the mixture ratio

,“ thus calculated and 1 ln connectlon with the plxels in
:the uncovered background area is calculated and the |
calculated absolute value is set as a mlxture ratlo a. .The
51gna1 processor 12 thus determlneS'the mlxture ratlo a
‘1nd1catlng the ratlo of the background area for the plxels
'belonglng to the uncovered hackground.
Slmllarly, the mlxture ratio calculator 104 may
"perform only the mlxture ratlo estlmatlon process-of the.'
model correspondlng to the uncovered background area for |
all plXElS, and may output the calculated. estlmated mlxture
ratlo as the mlxture ratlo o.
The foreground and background separator 105 is.
:'dlscussed below. FIG. 60 is a block dlagram 1llustrat1ng
one example of the foreground and background separator 105.
The input. 1mage fed to the foreground and background
7lseparator_105 lS input to a separator 601, a switch 602;
‘1'and a switch 604; 'The_information indicating thercovered
background arearand the area information from the area

‘determiner 103 indicating the uncovered,background area are




t he background conponent i nage. Cut of the background conponent i mge
output from-the synthesizer 605, the pixels. of the forg &ﬁ% ogkea have. .
. pi xel values of zero. FIG 61Ais. a dragranrrllustratrng the 1 nput imge
input to the foreground and background separat or 105, the - foreground
conponent i nege, and the background conponent rnage out put fromthe
f or eground and background separator 105, and FI-G. 61B is a diagram
“illustrating a nodel in which a I|rf§4of pi xels is ' developed in tine ,
axis, .wherein the pixels in the foreground area, the pixels in the
"W*backgr ound area, and-the-prxets—+n-the-m-xed-area-areincluded - ——se
as-illustrated in FIG 61A Referring to FIG 61A and FIG. 61B, the
backgﬂﬁﬁhdx)dd#bdmmnrahggeGQutpuEhEr@mﬁﬁheﬂﬁnﬁmﬁtnmm Bndibatkggound
"separator 105 is composed of the fore%round conponents contained in the
pi xel hé kare Beiag aureR at@afedngio fhehswitali 3. | iPhe hereaxed area.
"Referrjing to FIG 61A and FI'G 61B, the foreground conponent image out put
- fromt q?ﬂﬁiﬁQﬂu&PQ&ﬁF?k&ﬁgFBﬁnHa§§ﬁ§P&Fdraﬂﬁﬁ i fefposcthef the

foreground cdgfonents contarned in the, pixels in the foreground area, and
in thé 2005 - 127 pixels in the mxed area. The pixel value of a

i xel |n t nrxe area is. separated into a background conponent and.a
p % f 8¥

foreground qﬁftqmgfﬁﬁﬁﬁ 6ﬁﬂdf£ﬁd SRex %ﬁﬁﬁﬁ%ﬁor 105.

| calculator 104 is fed to the separator 601.
| The separator 601 separates the foreground component
lrfrom the lnput image based on the area information
.1nd1cat1ng the'covered background-area,-the area
information 1ndlcat1ng the uncovered background area, and
the mlxture ratlo a, and feeds the separated foreground
component to a synthesrzer 603. Furthermore, the separator
601 separates the background component from the 1nput image,
and feeds the separated background component to a |
'.syntheslzer 605. |
| In-resp0nse to-the-area information indicating the
‘hforeground area, the switch'ﬁpz is.closed:when the-pixel of -
 the foreground lS lnput and feeds onif the pixels of the—
foreground contalned in the lnput 1mage to the synthe81zer
603, |
A‘In response'to the'area information indicatingltﬁe
background area, the swrtch 604 is closed when the’ plxel of
.__the background is lnput, and feeds only the plxels of the |
';background oontained_in‘the input image to thersyntheSizer

605.




The separated background conponent -forns the background conponent inage
~ ‘together with the pixel belonging to the , background ageaq,,JPppseparat ed
- . foreground conponent formns the foreground conponent I mage ?ogetﬁer ‘Wi th the
~pixel .falling within-the foreground area. In the foreground component
- i mage, the pi xel - val ues of the pixels in the background area are set to be
0, while the pixel val.ues of the pixels in the foreground area and the
‘ pixel values of the pixels in the nxed area are set to .be neaningful
- val ues. S|n1larly, in the backgroun conponent i mage, the pi xel- val ues of
—the-pirxetsin-the- fo?egrOund -area-are set-to-be 0, while: the:- pixet——-
val ues of the plxels I Nt he background ar.ea- and the pi xel val ues .of the
pixels in ﬂHe*mﬁﬂﬁhQﬁxﬁﬁéréoéeﬁynbhbélneanﬁnQbWEQMMQnﬁ;Cdngnnewed next is
"the. separation process of the. -‘separator 601 for separating the
- f or egr8\FUF én el COWB@“EBEkQﬁo@h@ é@#@@ﬁgﬂﬂdrﬁﬁﬁtfﬂpmn&hﬂ falling
within the nixed area. FI.G- 62 is a _nodel dlagran1lllustratlng a nodel
“whi ch SSPRAAT¢es %efme@?%u!aaxebneénehe &RFcOreuBsC iSRRI B Tagist 2005 -
128 nponent of two frames including a foreground object noving from
1eft EQ-S‘ PRgHHEy sﬁ‘)s-"Jrrcmﬁchf1 WEPAREFDHBE §YERES 1Epdgd N9 MM ed in FIG

t he.anou .of -nobvement v of he fore round is 4, nd the V|rtual

'd|9i38Pmﬁﬁﬁﬁ§g|%?%H?r lgance ‘the %oregrou d area and- €%e mixed
S area do not-overlap each other,'the synthesizer 603 |
synthesrzes the foreground component image by OR gatlng the
'_'component of the foreground and the pixel of the foreground
. Durlng an initialization process executed for a. |
. synthesis process of the foreground component image, the.
‘synthes1zer 603 stores all 1mages hav1ng plxel values of
:zero ln the bulltnln frame memory, and then stores (wrltes)
-.the foreground-component 1mage ;n-the synthesrs process of
';the foreground conponent image. out of the foreground-
| component_image output‘from the synthesizer'603,‘the'pixeis
:of the'background area have.pixel values'oflzero. |
The synthesizer 605 synthesizes thelhackground'
“component image hased'on the_hackground component'supplied
from the separator 601 andlthe'piXel‘of the background
| suppliedrfrom;the switch 604, and,outputs the‘synthesized
background component image.f Slnce the background area and
the mixed area do not overlap each other, the synthe51zer
_7605 synthes1zes the background component 1mage by OR—gatlng
the background component and the plxel of’ the background,

During an initialization process executed for a




- The. |- ef t nost pixel . and fourteenth t hr ough erghteenth prxels inthe frame
#n fromthe |eft-hand side thereof contain a background ﬁg&?gﬁsgt only,.
~and fall wthin the background area. The second t hrough ﬁ hprxel's in
'.the' frame #n fromthe deft-hand side thereof. contain a background
~conponent and a foreground conponent, and fall within the: uncovered
background area. The eleventh through thirteenth. pixel's in the frane #n
fromthe 1eft-hand side  thereof contg@in, a background conponent and a
~foreground conponent and fall within the covered background area. The
"““TTTtn‘tnrougn“tenth pixel s inthe frame#n fromthe-left hand side thereof -
contain a f or egr ound conponent onli and fall within the foreground area.
The T iITRReF U 9SS H PFxEhe hagkergandegompogiend imagee thene #n+1
fronrthe}lefl haq%%érde t hereof contain a background conponent only, - and

Cfal | AXHIESHE D A rdtREes arLL. imRges; heN i figielei%ikueDiodl s in t he
frame #n+1 frqmthe Jeft- h%nd si de thereof contain a background conponent
and a%ﬁ e lﬁh? ekt | EﬁﬁefﬂFWORYth?HdtW@enuﬁBGVEde“Ha@kﬁﬁbund
. area. eenth throu sevent eent i xel s the frame #n+1 from
‘the. | e\]fet oérf Alu‘%uscfm %nﬁzbméﬁﬁelPhEPEoﬁYBé}H@&Hﬁ é’rl?&ﬁ&?r Qfnd
=conpo onent, covered backgr ound
ar ea. e n?%é%f%rou our Q %Txe |ﬂ%tﬁgef¥ ronrthe -

Peft E%ﬁ%dﬁé%% HH%@%P d%ﬂuf“fréhffﬁggsfHEHe51zer 605 ‘the pixels
o of the foreground area have plxel values of zero.
| FIG. 61A is a dlagram lllustratlng the 1nput 1mage

llnput to the foreground and background separator 105, the
_foreground component 1mage, and the background component
- image output from the foreground and background separator
IVIOS; and FIG 61B is a diagram 1llustrat1ng a model in
- which a llne of plxels is’ developed in tlme ax1s, wherein
the plxels in the foreground area, the plxels in the
' background area, and the plxels in the mlxed area. are
~1ncluded as- lllustrated in FIG. 61A..

Referrlng to FIG. 61A and FIG. 61B the background
.~.component image output from- the foreground and background
'-separator 105 is composed of the foreground-components'

contalned in the plxels in the background area, and in the
‘plxels ln the mixed area. |
Referrlng to FIG. 61A and FIG 618, the foreground
-f“ component 1mage output from the foreground and background
‘_separator 105 is composed of the foreground components

contained in the pixels in the foreground area, and in the




. conhponent -only, and fall mnthrn the foreground ar ea. "FIG 63 illustrates a
~process of separating a. foreground conmponent- from a p|§?L &&2P85 covered
-background area. As.shown, al through al8 are mxture ra 856 he

..respective pixels in the frame #n. As. shown, the fifteenth through

- ~seventeenth pixéels fromthe |eft-hand side fall “w thin the covered

'_background area. The pixel value Cl5°of the.fifteenth pixel in the frane

- #n fromthe | eft-hand side thereof i% expressed in equation (58). C15=B15/v
+ FO9/v + FO8/v + FO7/v =al5-B15 + F09/v + FO8/v + FO7/v =al5- P15

FFO9-/ v ¥ F08/ v+ "FO7/v-(5-8)where al5is-a-nxture ratioof the- -

fifteenth pixel in"the frame #n fromthe | eft-hand side thereof. P15 is a

pi xel Pl%%f%elbftbﬁemﬂkﬁﬂeéﬁﬁﬁ -pi xel in the frame #n--1 fromthe |eft-hand

side'thereof. Fromequation (58), the sumf15 of the foreground

conponent . of¢ Heixel tBahR B @l Dilieilhdnf e mixeid @mechaid ef t - hand si de

"~ thereof is expressed in equatron (59): -f15=F09/v.+ F08/v +.F07/v 3 August

- 2005 -Seppratgdsintga. P@S GganérE@WP@@enﬁh@Qﬁu@fﬁﬁiaﬁrqundforeground

Coqpqmyﬁpdgent by the foreground and background separator 105.
The separated background component forms the background
b_component 1mage together w1th the pixel belonglng to the
_background area ‘The separated foreground component forms
the foreground component 1mage together with the pixel |
”.fa;llng within the foreground area
In the foreground component image, the plXEl values of
the plxels in the background area are set to be 0, whlle
_the pixel- values of the plxels in the foreground area and
the plxel values of the plxels in the mlxed area are set to
.pbe meanlngful values. Slmrlarly, in' the background
component 1mage,'the.pixel values of the pfkels in the :
*foreground‘area are set to be 0, 'whiie the pixel values of
Ny the pixels in the background area and the pixel values of
the plxels in the mlxed area are set to be meanlngful
pvalues.‘ | |
h‘ Discussed next is the separatlon process of the .
separator 601 for separatlng the foreground component and
‘the background component from the plxel falllng w1th1n the
--mlxed area.
FIG. 62 is a model diagram illustrating a model which

includes the'foreground component and -the backgroundr

s




“ the sixteenth pixel i.n the frame #n fron1the-left hand side thereof is
expressed in equation (60"). The sum f17 of the foregr%HHngg nent -of. -
-the seventeenth pixel in the frame in fromthe | ef t - han ereof is
- -expressed in equation (61). . f16=Cl6 - al6-P16 (60) f 17=Cl7 al7-P17 -
(61) The foreground conponent fc contained in the pixel. value C of the
- pixel falling wthin the covered-background is expressed in equation (.62).
- fc=C- a p (62) where P is a pixel ¢#pdue of the correspondi ng pixel in an
i mediately prior frame. FIG 64 illustrates a process of separating a

- ~foreground  conponent—from-api-xet-of -the-uncovered—background-area.—As -

<. 'shown, al through al8 are mixture_.ratios of the reigectlve pi xels in the
frame 99FP QQEQFORE twp hErauesnanchrgdqy fodiategsiomis dhisft he | ef t - hand

side - fall. ﬁ %he uncov red background area. The pi xel value C02 of
"the sé%%‘h’on% e het?r’éu‘r@ na?réﬁﬂg”ﬁe | dft Hhghdosdiede ahdef is -

3 =B02/v + B02/v + B02/v + FOl/v 3 A t
-géggeiéﬁg Lnﬁfigéﬁrg_e%£6 )FIG CE% %evamount %f moveﬁént v o\/ UQUS

the—foreground rs 4 'and the virtual lelSOI number is 4.
The leftmost plxel and fourteenth through elghteenth k
‘prxels in the frame #n from the left-hand srde thereof
‘contaln a background component only, and fall within the
7‘;background area. The second through fourth pixels in the
'frame #n from the left hand side thereof contaln a
background component and a foreground component, and fall
w1th1n the uncovered background area. The eleventh through
thrrteenth‘plxels in the frame #n from the leftehand sider
thereof contain,a background component and a foreground 7
_component and fall wrthln the covered background area._ The
: frfth through tenth prxels in the frame #n from the left-
‘hand ‘side thereof contaln a foreground component only, and
"fall within the foreground area.
‘ . The first through fifth prxels and elghteenth plxel in
~ the framer#n+1 from the left-hand srde_thereof contaln a
g.background component only, ‘and fall w1th1n the background
drea. The sixth through eighth pixels in the frame #n+1
from the left- hand srde thereof contaln a background
component and_a foreground component, and fall within thei
" uncovered background area. The frfteenth through

.seventeenth plxels in. the frame #n+1 from the left- hand




" =a2-N02 +. FO1/v (63) where a2 is a mxture ratio of the second pixel in
_the frane #n fromthe left-hand side thereof. NO2 is ﬁlxel l.ue of -t he
- second pixel in the frame #n+l1 fromthe left hand side rom ‘
~equation (63), the sumf02 of the foreground conponent of the second'pixeL
in the frame #n fromthe - left-hand side thereof is expressed in equation
- (64).. f02=F01/v =002 -a2N02 (64) Likemﬁse, the sum f03 of-the foreground

- conponent of the third pixel int rame #n fromthe | eft-hand side

~thereof is expressed in equatlon N “The sum f04 of the foreground
——conponent -of- the-four th-pi-xet-in- the- frane #n-f rom-the-teft-hand-si-de-—
“thereof. i's expressed in equation f03=CO8 a3-N03 f04=CO4 -- a4-N04 (65)
(66) 1&%ﬂ¢o¥b@f©@ﬁd0@0h@0neatbﬁukgmnuaﬂn@@mpmnent[nndﬂa val ue C of the
pi xel falling within the uncovered background is expressed. i-n equation .
(67) . FUERIEMNNY 679NPONRRE eNARg éaéllxyllthamu@ @fovtdmactdcvatﬂsgmndndg pi xel in

-an .imediately subsequent frane.
area. The ninth through fourteenth. plxels in the frame

#n+1 from the left hand side thereof contain a foreground
"compqnent only, and fall—wrthln_the foreground area.
FIG. 63 illustrates a procese ofrsebarating a-
foreground component from a pixel of the'cotered-background-
| area; As shown,-al through a18 are mixture" ratios of the |
: respectlve plxels in the frame #n. As shown, the flfteenth
through seventeenth plxels from the left-hand side fall
w1th1n the covered background area. l
|  The plxel value Cl5: of the flfteenth plxel in the
frame #n from the left hand srde thereof is expressed in
.- 7equat1on (58). -- |
C15—B15/v + F09/v + F08/v + F07/v
| —alSBlS + F09/v + FOB/V + FO7/v
| =al5-P15 + F09/v + FOB/V + FO07/v o (58)
rwhere al5 is a mlxture ratlo of the fifteenth pixel in the
.frame #n from'the left-hand side thereof. -P15 lS a plxel
.value of the flfteenth plxel in the frame #n«l from the'
left hand 51de thereof | |
~ From equation (58), the sum f15 of the foréground
coﬁponent;of the fifteenth-plxel in the frame #n from'the
left-hand side‘thereof is_expreesed ln equation (59);

.£15=F09/v. + FO08/v + F0T7/v




;3 August 2005 - 132 In thi's way, the separator 601 separates t he foregroundg

: conponent ‘and t he background component fromthe pixel f@llln zggihln the.
.mxed area, based on the .information |nd|cat|ng t he cov39% kgr ound

“area, and the information indicating. the uncovered background area
. contained in the area information, and the mixture ratio a of each pixel.

.FIG 65 is a block dlagrantlllustratlng one exanpl e of ~the construction
of the. separator 601. The i mage inpyd to the separator 601: i's fed to,a
frame nendry 621, and the area i nf ormati on, indicating the covered
~packyround: area and-the—uncovered - background—area ~and-the mxture ratio-
‘a, supplled fromthe mxture ratio.calculator 104 are fed to a separatlon
processi ng bl 6Tkl B22. I P& If5r ane menory 621 stores the&%)nput image in units
of frame. Wien the frame to.be processed is the.frame #n, ..the frane
menory- 621 Is’t]?ﬁ‘"é’ssethetbﬁ’ N 4R1e ofhithe foregmomns iaamphingnt yobrior to the
franme t he f and the frame #n+1l, which is. a frane i medi atel y
subsedﬁghﬁdﬁ}e? fH%ﬁﬁ; I, th?hgrﬁmﬁnénnﬁﬁﬁﬂyt@ﬁl%ﬁﬁﬁﬂh%ﬁ@t$&d%lxe
value% of t i xel s_of R?e frane #n-1, the frape #n, and the.franme #n+l

to the s HP &4 P LPILRTA9D. ($fia - seﬁgﬁeﬁqﬂt%ﬁhde§§ﬂﬁb bl ock 622
appli erte@emu%ra tc%tnegancenotoerete doveneeehel bt Yl Wene °%
#n from the left-hand side thereof is expressed in equatlon |
(61) : :
;flGeCIG_-,alﬂPlﬁ _ ',‘ . (ao)
£17=C17 - al7P17 . o fl(61)
'The foreground component fc contained in ehe pixel
value C of the plxel falllng wrthln the covered background
"1:15 expressed 1n equatlon (62)
fe=C - ab . L S (62)
where P is a plXEI value of the correspondlng plxel in an
1mmed1ately prior frame." |
FIG.‘64 illustrates a process.Of separating a
- foreground component from a pixel of the uncovered
: background area As shown, ol through a18 are mlxture
-fratlos of the respectlve plxels in the frame #n. Aslshown,
 the second through fourth_plxels from the.left—hand'siderr
fall within the‘uncovered'background area. |
‘The'pikelHValue €02 of fhe-second pixei in the'frane
#n from the left- hand 51de thereof is expressed in equation
'h(63)

C02=B02/v + B02/v + BO02/v + FOl/v




3 August 2005 13 3 - and FIG 64 to the pixel values of the pixels of the
- frame #n-1, the franme #n, and the frame #n+l supplied;fégn@kgéoﬁéane menory
. -621, based-.on the area information indicating the covere ackground area, -
- -and the uncovered background area, ‘and the mixture ratio a. The separation

processing block 622 separates the foreground conponent and the I

background.conmponent falling within the mxed area in the frane.#n, and

f eeds these conponents to a frane_nmggpry 623. The separation processing

-bl ock 622 includes an uncovered area. processor 631, a covered area -

- processor 632, . a synthesizer 633, and @ synthesi zer 634, A nultiptirer-64% -
“i-n the uncovered_area processor 631 nultiplies the pixel value of the
pi xel in the fTABW¥nA1 EWf¥ied from the frame nenory 621 by the mixture

‘ratio a, and then outputs%}he poduct to a switch 642, ‘The swi'tch 642 is
cl osed mhengthéa%gaﬁ TNV frame #n (correspondi ng68d the pixel in the

‘franeiﬁggég_sgpglied,trgn1the frame nenory 621 falls wthin the uncovered
background” afear® afd™FEBEE CRELG odl tha ®eGANd iptxel By the mixture ratio.

“a, supplied he multiplier 641 tq an arithnetic unit 643 .and a
- e ne bt R P EpFaeP i e’ Bty bNO4nit 131 GRRL  he prxel
l.u i L A #n+ by the mi-xtur ti d i ut put
 ¥rom R R~ G PREE, 8 Sps i BBRotion Tt e hEE- vl e of
- the coiffRfROI NhOLXSE. I n the frarre #n. S )

- From equation'(GB)r the sum £02 of the foreground

.j cpmponegt-Of'the_seéond pikel in the frame #n fromrthe

left—ﬁaﬁd:side_thergcf is expresSeé in eguation (64).—'

=fd2=F01/V | | . | | |
=002 - a2N02 - " (64)

, aLikeWisé, the!sﬁm £03 of.the foreground COﬁponent of
the ﬁﬁird pixel in ﬁhé,frame #n'fréﬁ the left—hand sidé
thereof is expréssed.in.equafion(65). :The s;m'f04 of the .
foregroﬁnd éompdneﬁt of the fourth pixel in the frame #n

'from‘the‘left—hand éide the;eqf is expressed in eqﬁation'
(66). | |
£03=C03 - 03-NO3 - (65)
A”fO4%CO4-—'a¢NO4' S | B (66)
The fprggrﬁund'dompdnent fu'contained in the'pixél
jVValue C of tﬁe pixel falling within the uhcovered |
backgfoﬂnd-islexpressed_in equatibn (6%):
fu=C - aN‘ﬁf'_ - - o | (67)
-where-N'isra pixel value of the corresponding pixel in an

- . immediately subsequent frame.




- 3 August 2005 13 .4 - The arithnetic unit 643'subtfacts'the backgrouhd
- conponent supplied fromthe switch 642 fromthe pixel valay ust@opkhe pi xe

““in the frame #n fed fromthe frame "menory 621, thereby r&sulting in the"

foreground conponent. The-arithmeti-c unit 643 supplies the synthesizer 633
with the foreground conmponent of the pixel: in the frame #n falling .
. wi'thin the uncovered background area. A nultiplier 651 in the covered.
~ area. processor 632 multiplies the i xel value of the pixel in the frane
. #n-1 supplied fromthe frame nenory 621 by the mixture ratio a, and.then
“Ugut put’s “the product toa switch 652 The 'switch~~652"is-closed when the-—-
pi xel in the frame #n (corresponding to-the pixel in the frame #n-1)
~ supplied fridmitihe rfave MRAOPFPEIILPE FOLnSERAKatS dder ed backgr ound
- area, ,and feeds th%wﬁ%xelrval‘e gulbiggied by the m xture ratiqg a, =
- supplFEFFBI] PR epEi apdekite PackaTarndhFompOngt feR Hhe t he.

synt hesi_zer ... The product. which i.s_obtaiped hy nultiplying-the pixel
‘valueqﬁxéiugﬁﬁi&ﬂgiW#%W%Pf#%ﬁem#ﬁ?E AhFArnBAfeE Mle W% i 0 a and i s out put

- f he- swi tch 652 |s_the back d; t, of the pixel value of
the carroatatabet SRR fng nEn 8 rERRE N R RRER PR, Are b e Lt r act s

of tna AR TR PP S LB LR BALKSRORBR 65T Thereoy |
) .re§U|Ebﬂ&é&%eﬁh%JIQﬂﬂgﬁﬂﬂﬂg fﬁf@ﬂﬂ§ﬂibn?h§nd the mixture ratio a :
o of each pixel. | | |
iFIG. 65 is a blockfdiagrém:illustrating oné.exampierf
- the COnétructiontof the_SeparatdrIGOIL "The image input to
thexsépafatorlﬁolﬂis fed to:a frame memory 621,‘and tﬁe
_areé infbrﬁaﬁion,.indicating the éovered hadkground area
. énd the ﬁncovered baCkgrouﬁd a:ea, and,thé mixture ratio d,
sﬁﬁpliéd from the miXtﬁfe‘fatio calculat6r7104 are fed to a
'lseparatiogprocessiné block 622.
The frame ﬁemgry 621 stores the input image in units
oflframe. When thé frame to,be.processed is the frame #n,
. the frame memérj-62i stores the frame #n-l; which'is a
_frame.i@ﬁediateiyzprior to the frame #n, the frame #n; and
the frame #n+1, which is a fraﬁe immediately subsequent to
- the frame #n. - | |
 -_.The framélmembry'GZI su?plies thé pixel_values of the .
pixels‘éf the frame #n-1, the frame #n, and the frame #n+i_
“to the separatiph-proceséing bléék‘622. |
Theiseparation prodessingrblock 622 applies the

arithmetic operation discussed with reference to FIG. 63~




3 August 2005 -- 13 5 arithmetic unit 653 supplies the synthesizer 633
~with the. .foreground ‘conponent .of the pixel in the fragg @mﬂﬁﬁbéing within
‘the covered background area. The synt hesi zer 633 synt hesi zés t o
f-oreground' . . conponent of the pixel falling within the uncovered,
‘background area supplied fromthe . arithmetic. unit 643, and the"
foreground conponent- of the pixel falling within the covered background
area supplied fromthe arithmetic_up4 _653, and feeds the synthesized
~ foreground -conponent -to the. frane nenory 623 The synthesi zer 634
’W’Synthesizes the background-~conponent-—of-the—-pixet-falting-w-thin-the- -
~uncovered’ background area supplied fromthe switch 642, and the background
conporifl BEGt hed prRefhraPirrd weilkios ©tfe tdoy ariste bmokrohmdf zama suppl | ed
fron1t? mntch 652 and- feeds the synthesized background conponent to the
frame ’hefm goBrafpctny apedrkher froe itidilyisguptl ied strresthere foreground
:conpongnt and t he background conponent of the pixel of the mxed area in

‘the fr Y i et frBﬁ??ﬁeonseﬁﬁréFPénH&ﬂﬂﬁﬂﬁﬁhﬂPtﬂnﬁi@&ﬁ&DgThe frame

menor 623 out stor d foreground. conponent-of..the. pixel of the
RS e 2 f%islr?@ﬁ% FHad ahtiay nand: bped BBRSRGRAhSAIRIRI of the

p'xe'éﬁé i“%nd“ﬁﬁgiﬁgﬁ%trg £Q€1fr§?9 #He separatlon processing

block 622" separates the foreground component and the -

‘background component falllng w1th1n the mixed area in the

frame #n, and feeds these components to a frame memory 623
The separatlon processrng block 622'1ncludes an
uncovered areafprocessor 631, a covered area processor 632

‘a-synthesizer'GBS -and a synthesizer 634

A multlpller 641 in the uncovered area processor 631

| multlplles the plxel value of the plxel in the frame #n+1
;supplled from the frame memory 621 by the mlxture ratlo a,

- and then outputs the product to a switch 642. The switch
‘642 is closed when ‘the plxel in the frame #n (corresponding
fto the plxel in the frame #n+1) supplied from the frame
}memory 621 falls w1th1n the uncovered background area, and -
feeds the plxel value multlplled by the mlxture ratio a,

': supplled from the‘multlpller 641, to an arithmetic unit 643
1and'a synthesizer“sﬁéQ The producthhich;is obtalned by
_multiplying-the‘pixel value of the pixel in the frame #n+1
_'by the mikturelratio'd_and is output from the switch 642

"equals the background'component'of the pixel value of the

-corresponding pixel in the frame #n.




'3 August 2005 - 136 The use of the m xture ratio a, which is a feature
quantity, allows the foreground conponent and the baCKQA&ﬂEQz@ onent ..
.contained in the pixel value to be fully-" separated fromeach other. The
synt hesi zer 603 generates a f oreground conponent i mage by synthesizing the
-~ foreground conponent of the pixel in the mxed area in the frame #n out put
. fromthe separator 601 and the pixel of the foreground area. The’

synt hesi zer 605 generates a backgr quad _conponent image by synthesizing the,
‘backgr ound conponent of the pixel-in'the mxed area in the frame #n output

-'.Tron1tne separator 601 and the pixet of “thé background area:~FtG -66Aisa —

dlagran1|II stratjing an, exanpl e of a separated foreground conponent ‘i mage

~inthe fra %ﬂ?r%ﬁhWEﬁ¥%u%£PFn5¢$cfuBEra¢H§ EEPt RaskggoRad and t he
fourteenth el e_left-hand side have a pixel value ..of zero
RTINS ﬁ?c%cﬂtewnthﬁ ShREREFBuRA’  £anBoNem FoMS) bicres { he
e Pt haSER b LS Stm PR B S Ehe kBB Rerbs: K oel o' Pom
have ShErkiRRLR A O ef‘%%%%@é*&?sﬁﬁ%%%ﬁ&%E%tk8r?ERS. ming
ftPL'r O akathiie e A %ffsamléer@ﬁéog R09: 508 B3GkPIoMEyet e el eventh.
- foreground component of the pixel in the frame #n falllng o |
.w1th1n the uncovered background area.
_ i A multlpller 651 in the covered arearprocessor 632 “
':_multlplles the plxel value of the pixel in the frame #ne
sugplled from the frame memory 621 by the mixture ratlo o, -
féhd then outputs the.product to a Switch 652. The‘switch
:652 is:cloSed when the pixel in the frame #n (corresponding
.dtOuthe pixel in-the frame #ﬁa1) supolied from-the frame |
memory 621 falls w1th1n the - covered background area, and .
feeds the plxel value multrplled by the mlxture ratio d,
‘supplled from the multlpller 641, to an arlthmetlc unit 653
'ﬂxand the.synthe51zer.634. The product WthhrlS obtained by
_nuitiplying the pixel,value of the pixel in the frame #n-1
by the'mixture‘ratio o and.ie output from the switch 652
“eguals the baCkgroundncomponent of the‘pikel value of the
"-Corresponding'pixei in the:frane'#n; | |
%f_ The arithmetic unit 653 subtracts the background
[component eupplied'from.the switch 652 from the pixel vaiue_
of the pixel ln the frame #n fed from the frame memory 621

.thereby resultlng in the foreground component The




‘3 August. 2005 - 137 t hi rteent h pi xel s fromthe Ieft hand si de have faIIen'

: within the covered background area, and have zero bac onents.
~ - with foreground conponents remaining. The fifth througﬂ ﬁ@ﬂggﬁg?gels from
‘the left-hand side have had foreground conponents only and continuously
have these conponents. FIG 66B is'a diragramillustrating an exanple of
- the separated background conponent image in the frame #n illustrated in
- FIG 62. The leftnost pixel and th % urteenth pixel in the frame #n from
“ the left-hand side thereof. have contained the background conponents onIy
- —prior —to-the separation.of the foregroundand the background;—-and-- e
' continuously have these conponents. Prior to the separation of the :

~ foregrauhtihaatichenibabkgr supp,l ieise thec eyh theiadr f ®13 twiphxehe fromthe
-~ left hand side have fallen within the.uncovered background area and have.

zer o f 6P Eggeonad cenppaaant @it Khehpirsdkdmodite frampohentalléngi ni ng.

‘Prior to the separation of the foreground and the background, the el eventh
- throughithhRrtheneavpred| backenrund Rake-hand side have fallen within the

_covered background area, and_have zero . -.foreground conponents with.

backgr ound %p%ﬁ%h?%sréﬁﬁrﬁ?%ngnbhﬁéﬁzﬁé the feFammawid of the foreground

~and the bachground t he, flith t hrough .tenth pixels fromthe Ieft
_ component of the plxe falllng ‘within the uncovered

_background area supplled from the arlthmetlc unlt 643' and
the foreground component of -the plxel falllng w1th1n the
" covered background area supplled from the arlthmetlc unlt
.,653, and feeds the synthesrzed foreground component to the.
' frame memory 623 .. | | R o
The synthe51zer 634 synthe31zes the background
p component of the plxel falling w1th1n the uncovered
background area supplled from the switch 642, and the
background component of the plxel falllng Wlthin the
covered background area supplred from the swrtch 652, and
feeds. the synthe51zed background component to the frame
"memory 623. | | |
| The frame memory 623 1nd1v1dua11y stores the
-foreground component and the background component of the
‘pixel of the mlxed area in the*frame #n supplled from the
' :‘Separation'processing biock:SéZ;k | |
| The frame memory 623 outputs the stored foreground -
component of the plxel of the mlxed area in the frame #n.
_-and the stored background component ‘of the plxel-of the

mixed area in the frame #n.




hand si de have. had foregrOUnd'conponents only and have 3 August 2005 - 138

~ pixel values of zero. .The foreground and: backgr ound sepabgﬁpgﬁogrocess of
~.the foreground and background separator 105 is discussed ow with

reference to a flow diagramshown in FIG 67. In step S601, the frame

- menory 621 in the separator 601 acquires- the input imge, and stores the

frame#n to be processed for the.foreground and background separation,
together with the prior . frame #n- 1l € gl Lhe subsequent. frame #n+l. In ‘step

. S602, the separation processing bl ock 622 in the separator 601 ach|res
the-area information-supptied—fromthe-mxture-ratio calculator-184—+n— -
'step S603, the separation processing block 622 in.the separator 601 -
acquires tﬁ@@n@ﬁ@r@frbhﬁomax§upslmaianwn1Wh1Qh>dauaafeatmrealculator‘
104. In step S604, t he uncovered area processor 631 extracts the background

" conporin Fom tRblPVs ethoafasegrouns omgoniant: rendindower ed backgr ound
area supplied fromthe frame nenory 621, based on the area. information and

the m qupd oc%i“Pq"Fne%Feﬁosﬁé!ynetihelmﬁé@/@rléiﬁlar\@llm deesser 631
__extrag%adthe f oregroun , onent fromthe pixel value of the pixel |n t he
‘uncovéted hASRf ?é%ﬁé i aCPreﬁbeﬁe frame nmemory 6.21, based on the
area infor tio B
' : ‘q% d%he51zer 603" generates a foreground component
lmage by SYDthESlZlng the foreground component of the plxel'
5_ in the mixed area in the frame #n output from the separator -
'601 and the plxel of the foreground area. ' The synthe51zer

605 generates a background component image by synthe3121ng

. the background component of: the plxel in the mlxed area in

the frame #n output from the separator 601 and the plxel of

the background area.

FIG. 66A is a d;agram'illustrating an,example of a
separated foreground component'image in the frame #n
:'1llustrated in FIG 62.7-The leftmost pixal and the
'fourteenth plxel from the left- hand side have a pixel value
-of zero because these plxels contain the background
component only before the foreground is separated from the
‘background. | | | -
.Prior to the'separation:of_the foreground-and the
background, the second through fourth pikels from the left-
-hand side have fallen within the uncovered background area
t,and have zero background components w1th foreground
componenta rema;nlng.' Prior to the separatlon of the

‘gforeground and the background, the eleventh through




"~ . background are supplied fromthe frame nenory 621, based 0

Cmixture ratio a... In step S606, the covefed area procéssor 632 extracts

t he backgr ound conponent fromthe pixel value of the plgghﬂwhgoﬁge cover.ed
the area

information and the mixture ratio a. I.n step S607, the covered area

'~=processor 632 extracts the f or eground conponentrfron1the pi xel val ue of

'”"the synthesi zer 633 'synthesizes the ' f oreground conponent of the plxel
TTUi'n-the uncover ed background“area“extracted T step S605, and the -

" the pixel in the covered background area supplied fromthe frame. .nenory
621, based on the area informatian p@ﬂ_lhe m xture ratio a, In step S608,-

'rforeground conponent of the pixel .in the covered background ‘area . extracted

in st e lBeREntelisghs h§§PE‘eGh190|1€§ d edfsodaite ia¥iento the

. synthe3| er 603. The synthesjzer 603 then generates the foreground
- conportérit %1 etﬁpv%ﬁ%?h@g?ggﬁﬁupﬁeareﬁvxém- d SR &a58R eground ar ea

supplled hrou the switch 60 nd the foreground conponent . supplied
from RS RES rgi]oqomne?bssWéEhS§8§egFﬁél ﬁgﬂq@éﬂnf‘é’r L5 IEMAMMET zes t he

e ST b0 B VT LS 1
- goxggﬁgtag@%m%aréaﬂpgééﬁégt8glg,na§ae%o§%9%uomaysMv%escheesd for egf_O“”d
- components. : : E
| - FIG. 66B-1s ‘a diagram 1llustrat1ng an example of the
h“separated background component 1mage in the frame #n |
,illustrated in .FIG. 62, The leftmost plxel and’ the
- fourteenth pixel.in the frame #n fron‘the left—hand side
'thereof have contalned the background components only prlor
l=_’to the separatlon of the foreground and the background, and
'contlnuously have these components. | |
Prlor to the separatlon of the foreground and the
mbackground,‘thejsecondlthrough fourth'pixels'from the left-
‘hand side havelfallen within the uncovered background area
:and have. zero foreground_combonents nith thelbaCkgronnd
:componente remaining. Prior to the‘separation of‘the'“
foreground and the background; the eleventh through
thirteenth pixels from the left-hand side have fallen
. within the covered background area, and have zero
-?foreground components with . background components remalnlng.
Prlor to the separatlon of the foreground and- the
'_background,_the flfth through tenth pixels from the left-

hand side have had foreground components only and have




140 conponent is fed to the synthesizer 605. The synthesizer 605 then
“generates a background conponent irmage by -synthesizing,the pi % of the
. .background area supplied through the switch 604, and t% ugﬁ%%@ﬁ und '
. conponent ~supplied fromthe separator 601. In step 5610, the synthesizer:
. 603 outputs the foreground conponent image.- Instep S611, the synthesizer
6. 05 out puts the background conponent i nage...The.routine then ends.. |In

“this way, the foreground and backgrpysnd separator 105 separates the
- foreground conponent and the background conponent fromthe input.inmage ,
“hased onTthearea Ui nformati on and-the nirxture ratioa; - and outputs-the -
f oregr ound. conponent i mage forned of the foreground conponent only, and.
 the ba¥i¥rburileefpeheAtIPrage formed of the background component only. The
- adjustrent of the motion blur fromthe foreground . conmponent image is. '
~discussed bElowWORegrownd; and bpgkprauagr sepanatsiamtpreresR @kanpl e of
. the motiion_blur adjuster 106. The notion vector and the_ position o
i nf or gt ofPTFEF AR s3BPI Pegkprehnthe sremader ddt%eckord 1Sl t he area
‘.‘inforgﬁgﬁgn supplied fromthe area determ ner 103 are fed to a unit of -
procesSiny’ HetbrnThereB6e 5Rd2alhble A1ggxeM SHOYEO AN TS ¢ ot Bgr ound
oMot d A ¢ PPLAE el LR RARoED" 89104 (HLY AU SNy Agust 2005

: écquires #hé input image, and‘stores the frame-#n.to be -
"ptoqessed for thé‘foregroundléndrﬁackgroﬁnd separation; 
'3togethér‘With ﬁhe prior frémé #n-1 and the éﬁbséquent fréme,
o #n+l. o |
~ In step S602, thg‘separation-prdceésing block 622 in
the se?érator 601 acquires‘the-area‘information suppliedr
froﬁ the mixture ratio ¢alculator‘104.‘ In'step.SGOBQ the
- separation processing block 622 in the separator 601.-
acquires ﬁhe_mixfﬁréxfatio o suppiiéd_fromrthé mixture
V;atio-calculator 104. 7 . | |
lIh'step $604,‘thé unCo#ered area proéessor 631
 extracts the background cémponentrfrom the‘pikel value of
o the pixel in the uncovefed b§ckg;oﬁnd area supplied from
‘the frame hemorj’621, based on the area info£matiQn and the
imixture'ratid a. | | |
| In step 3605;:the-uhcovered area processor 631
extracts the fqreground compénent from the_pixe1 value of
thé‘pigel in the uncovered background Suppliéd‘from the -
"fréme memqry'éZl, baéed-on the areé'information-and tﬁe

‘mixture ratio a.




- 141 separator 105 is fed-to a pixel, value setter 804. The unit of -
proceSS|ng det erm ner 801 feeds the notion vector and ggﬁggggﬁégted uni t

.of " processing to the nndel generator 802 together with 'on vector,
the position information thereof, and the area information. The.unit of.
processi ng determ ner. ‘801 feeds the generated unit of processing to the
- pi xel “val ue setter 804. Referring to the letter Ain FIG 69, the unit of
. processing generated by the unit of @roce35|ng det ermi ner 801 indicates
-consecutlvely arranged pixels in the direction of nmovenment starting with a
Tprxet—ofthecovered  background-ar ea of ~the foreground-conponent i mage- -
-and ending wirth a pixel in.the uncovered background area, or conSecutiverj'
- arranged pilelsten $6e6 di thet comerndvement proste@siome I textaraqiskel of the
';uncovered background -area of the foreground conponent i-nage and endi ng- with
 a pi xéihg haqkgrewndreanpanrgrofnamatbe. proelevadplee oft ey ix el
o proce55|231|ncludes two pieces of data,of .a top left point (a-pixel,
desi gridt e FAFRI €| ka gﬁ@ﬁéésérﬁgsuﬁplﬂﬁd firein fobet fawwid i on or topnost
~position in the |nag‘%aand a right bottom point. The nodel generator 802
~gener A et o the aﬁﬁ?léﬁf9§@ﬁ6ﬁ0dndn@héhanmﬁxﬁnﬁq |
-of . proce§S|Q9. Specifically, .the nodel generator 802 stores. beforehand the
- 7. ratio do. AR : , _ .
In'step 8607"the covered area processor 632 extracts
the foreground component from the pixel value of the plxel
1n the covered background area supplied from the frame
'fmemory_621, based on the area information and the mixture o
- ratio «. _' | o
In step $608, the synthesiier 633 syntheéizes the
foreground component of the plxel in. the uncovered
_ background area extracted ln step 8605, and the foreground
'component of the plxel in the‘covered background area
-extracted in step 5607.1 The synthesined foreground
E componEnt is fed'to the synthesizer'603. The synthesizer’
603 then generates the foreground component 1mage by
synthe5121ng the plxel of the foreground area supplred
'-.through the swrtch 602, and the foreground component
supplled from the separator 601.
_ In step 8609 the syntheSLZer 634 synthe51zes the
background component of the pixel in the uncovered
_ background}area extracted in step 8604, and the background
component of -the pixel in the covered'background area

extracted in step S606. The synthesized f0reground'




“nunber ‘of pixels contained in the unit'of processing, the 3 August 2005 -
142  .virtual divisor nunber applied to the pixel vaIugAb%%&Q§05dlrectlon

of tlne and a plurality of nodels corresponding to the nu

f oreground conponents for each pixel. Based on the unit of processing and.

the virtual divisor number applied to the plxel val ues in.the direction of

~ time, the nodel generator 802 sel ects a nodel that designates a -

- .correspondence between a pixel valu @#nd a foreground conponent as
“illustrated in FIG 70. Now, the nunmber of pixels per the unit of

processing s 12 wand-the-anount-of -novenent—v i n-t-he-shutter-time is—5- -
~“The nodel generator 802 sets the virtual divisor nunber , and selects a
_nodeIQQﬂﬂQRﬁ¢© igj gad tor theoapdtbespisranttds . whathe sytiithdssifdzawst pi xe
-has 'one foreground conponent, the second pixel fromthe |eft-hand side
“has t B9 drhep cimreEekeenanbackgreunti compionentf iowdgehdyl ef t - hand si de has
‘thiee-foreground conmponents, the fourth pixel from the |eft-hand side has
four FMHJIGIHRLRGNpRRcPiselnE thet bRckgxennt emeahsupstliadand si de has

' ' onents the sixth pixel fromthe |eft-hand side has

n-five foregrqund co
five f ﬁﬁ%§%§hﬂﬁp et &0 41h%n§e93ﬁtHaﬁkﬁepuﬂﬂoﬁpmﬁ@nqneft hand side has

:.frve fore r.ou conp nents, the ei h pixel fromthe |eft-hand side has -
five é@ﬂéﬁﬂﬁf %Hﬁ?@affﬁpﬁ|%9 ‘pixel fromthe Ieft-hand side has

In step s610, the synthesrzer 603 outputs the
_ foreground component 1mage In step s611, the synthesizer
.'605 outputs the background component image. The rbutine: -
then ends. | |
In this way, the - foreground and background separator
7105 separates the foreground component and the background
component from the 1nput 1mage based. on the area
' information and the mlxture ratlo-c, and outputs the
foreground component image formed of the foreground
component only, andlthe background component image formed
of,the_backgroundrcomponent only.
R The'adjustment.of the motion_blur from the foregroundﬁ"'
rcomponent image is'discussed below. :
| FIG. 68 is a block diagram 1llustrat1ng one example of
Athe motlon blur adjuster 106._ The motion vector and the
pOSlthn 1nformat10n thereof supplied from the motion
idetector 102, and the area lnformatlon supplied from the
"_.area determlner 103 are fed to a unit of processrng
fdetermlner 801 and a model generator 802. The foreground |

component image supplled from the foreground and’ background




four foreground conponents, the-tenth pixel fromthe left hand side has
-three foreground conmponents,, the eleventh 3 August 200 Aﬁé@?@bﬁgl fromthe
left-hand side has two foreground conponents, and the h pixel from
“the left-hand. side has one foreground conponent. The npdel generator 802
" may generate a nodel based on the notion vector and the unit of processing
‘when the notion vector and the unit of processing are supplied, rather than
. selecting a nobdel from anpbng stored Q?dels The nodel generator .802
supplies an equation generator 803 mntﬁ the sel ected nodel ..The equation -
rygenerator -803—generat-es—an—-eguati-on-based——on-the-nobdel - suppl%edmiﬁonvthew
nodel generator 802. Referring to the nodel of the. foreground conponent

i mage SePpusteat ¢85 asFifed 1o, alpiX&ﬂnualnegﬁﬁmmewemoby t he equation
generator 803 will be discussed on'the assunption 'that the. nunber of-
foreground €BRpBAGAL 8Li preceshdna ide tamtisrenf8 (i xBtadperhe heothos of
processing is 12, that the anount. of novenent v is 5, and that the V|rtual
di vi so¥echarbanrdi she. gppexates gy idg redU iR astsrgoiTeN t o FO1¢ vmede bugh

- FO8/-v'are contained in the foreground conponent image' for the shutter
time, YFRETRFGE| ﬁﬂghFBQSEF%erF'—%l/t\het AU, FOBTtoTan dE1pt Xeos Veloms. CO1

through Cl12 is.expressed _in equations (68) through (79
QL fbrmatlonpthereof, g the arés anormaéioé )The unlt of

processrng determlner 801 feeds the generated unit of
proce551ng to the pixel Value setter 804._ |
Referring to tne'letterhA in FIG. 69, the unit of
5processing generated by the unit of processing determiner
801'indicates consecutively.arranged'pixels in ther
'dlrectlon of movement startlng with a pixel of the covered
background area of the foreground component 1mage and ' |
‘ending wrtb a plxel'ln_the uncovered background.area, or
consecutively arranged pixels in the direction movement
startlng with a plxel of the uncovered background area of
the foreground component image and ending w1th a pixel in
the covered background area. For example, the unit of
processing 1ncludes two pleces'of-data7of a top left point
(a plxel ‘designated by the unlt of proce551ng, at the -
leftmost posrtlon or topmost p051t10n in the lmage) and a
'-rlght bottom p01nt. |
The model generator 802 generates a model based on the
‘.motlon vector and the lnput unlt of proceSSLng |
'Specrflcallyf the model generator 802 stores beforehand the

number of pixels‘contained in the unit of processing, the




Ol =FOL/ v(68). C02=F02/ v+F01/v(69) 3 August 2005 - 144 -
' C03=F03/ v+F02/ v+F01/ v( 70) - C04= F04/v+F03/v+F02/v+F01/v(|7:%))3 5&89,?
~005=F05/ V+F04/ v+F03/ v+F02/ v+F01/ v(72) C06=FO06/ v+FOB/ v+FAINSF631V+FCR/ v(73)

CO7=F07/ v+F06/ v+F05/ v+FO4/ v+F03/ v . (74)
C08=F08/ v+F07/ v+F06/ v+F05/ v+F04/ v( 75) CO9= F08/v+F07/v+F06/v+F05/v (76) .

.~ ClO=FO8/ v+F07/ v+F06/ v(77) Cl1=FC8/ v+F07/v(78) Cl12=F08/v(79) ‘The equation

" generator 803 generates equatlons b 4gndifying t he generated equations. The

equations. generated by the equatlo enerator 803 are expressed as
ations—{80)y—through-(91)~— -~ - e

—EEE 1F01/VtgFC%/V+CFgg/V$OF%4 /v+0F05/v+CF06/v +0F07 /v+CF08 /v (80)

C02=1 ROl t/ad F0R1 witF0 3numb 4 AppDEEG/ \t+0 EHG/ \pﬂ&ﬁozfe{M@FQS/ the (81)

- @03=1~FO1/ v+1F02/ v+1FQ3/ v+OFO4/ v+0F05/ v+0F06/ v © +0F07/ v+0OFC8/ v (82)

dlIeCthH of time, and a plurallty of models correspondlng

to the number of foreground components for each plxel
lBased on the unit of processrng and the virtual lelSOf
".number applied:to the pikel values in the‘direction of time,
_'the model generator 802 selects a. model that de51gnates a -
correspondence between a plxel value and a’ foreground
component as;lllustrated ln FIG.-70. | |
| Now, the number of pixels per the unlt of processrng
“is 12, and the amount of movement v 1n the shutter tlme is
5. The model generator 802 sets the virtual lelSOI number
‘to'5, and selects a model 1nclud1ng eight foreground |
components, whereln the leftmost pixel has one foreground
component the second plxel from the left-hand side has two
foreground components, the third plxel from the left hand
side has three foreground components, the fourth pixel from‘
the left- hand srde has four foreground components, the
flfth pixel from the left-hand 51de has five foreground
components, the sixth pixel from,the left hand side has
five foreground components, the seventh plxel from the
left- hand side has flve foreground components, the elghth
:_plxel from the left hand s1de has five foreground )
_components,.the ninth plxel from the leftuhand side has
" four foreground components, the tenth pixel'fromithe'left—

hand side has three foreground components, the eleventh -




© C04=1F01 /v+l FO2 '/ v+l FO8 /v+1 F04 /v+0-F05 /v+OF06 /v +0FCW/v+CFCB/v (83)
. Q05=1-FOL. / v+l FQ2/ v+1FCB/ v+1FO4/ v+1FOB/ v+OFCB/ v +0F07/V§95§§52 84)
. C06=0F. O1 /v+1F02 /v1F03 /v+l- FO4 /v+1F05 /v+1F06/v 3 Augu 88 145
- +OF07/ v+0- FO8/ v (85) CO7=0FQ 1/v+0- FCR/ v+1F03/ v+l FO4/ v+1F05/ v+1F06/ v -
+1F07/ v+0F08/ v (86) C08=CFO 1 /v+0FQ2/ v+OFC8 [ v+1-F04 /v+1-F05 [ v+1F06 /v
+FFO7 /v+1F08/v (87)  C09= OFCHIv+CFC2/v+CFC8/v+0FCﬂ/v+IFCB/V+1FCG/V
+1F07/ v+l FO8/ v. ((.88) ClOzOFOlA%;g 2/ v+OFQB/ v+0O FO4/ v+OFQB/ v+1FC6/ v
© 41 FO7/v+1-FO8/ v (89) O 1= OF01/v+ v+0F03/ v+0F04/ v+0F05/ v+0F06/ v - :
*“—*feﬁﬁffvethﬁfV*696%*’C&Z—GFeffv+GF02%v+eF63fv+GF{M 1-v+OFOS v+ OG-y -
+0FO7/ v+1FQ8/ v (91) Equations (80) through (91) nay be expressed as S
equatﬂbﬁKQbZﬁrqm UBECJefarhEnﬂvSLHeaMa©92ﬁo foreground components,

~and the twelfth plxel from the 1eft-hand side has one
foreground component
‘The model generator 802 ‘may generate a model based on
; the motlon vector and the unlt of proce551ng when the
motlon vector and the unlt of proce551ng are supplied,
- rather than selectlng a model from among stored models
The model generator 802 supplles an equatlon generator
-A803 w1th the selected model.

The equatlon generator 803 generates an equation based

on the model Supplled from . the model generator 802.
'fReferrlng to the model of the foreground component lmage
'lllustrated in- FIG 70 the equation generated by the

-equatlon generator 803 will be dlscussed on the assumptlon

. that the. number of foreground components is 8, that the
number of plxels per the unit of proceSSLng is 12, that the
amount of movement v is 5, and that the virtual dlvisor K
number 15‘5' | .

When-the foreground components'Fbl/v through~F08/u'are.
'contained.in the foreground combonent“inageifor‘the ehutter
htime, the relationship betueen F01/v through FO8/v and |

pixel'values C01 through C12 is expressed in equations (68)

7 through-(79). . - -

CO1=FOl/v L . (68)

. C02=F02/v+FOl/v S (89)




where j,is the position of each pixel. I'n. this equation, | nay be one of 1
t hrough 12. Furthernore, i represents the position of aBAﬁéﬁ ﬁgd val ue.

~In this equation, i is one of 1 through 8. Here, aij has dependi ng
on the value of i :and j. If an error is taken,lnto conS|derat|on, equation .
-(92) 3 August 2005 - 146 -y be expressed as'equation-(93). g =
,aljFi/v+e] - 1=0l where ej is an error.contained in.a target plxe

Equati.on (93) nmay be expressed as_ egg tLon (94). os €] Q-—IanF|/V |~01 To
- apply the | east squares. nethod, sum E of squares of the error is
j;—deffned“fﬂ?*equatf0ﬂ+f95?7—i2—E%“¥er2_y;ﬂiwfesy“69rﬂamf95}mwaﬁ?n+ﬂ+zewthe~w
error, a partial differential- of the sumE of squares of. error with
: respect to @0¥arpabverBR/v+FO1/v = - (70). :
| co4= FD4/V+F03/V+F02/V+F01/V (71)
Co5= F05/v+F04/v+F03/v+F02/v+F01/v_(72)
Co6= F06/v+F05/V+F04/v+F03/v+F02/v'(73):
'co7=Fo7/v+F06/v+F05/v+F04/v+F03/v (74)

cog= FO8/V+F07/v+F06/v+F05/v+F04/v-(75)--

c09 F08/v+F07/v+F06/v+F05/V .7_, ;(76)‘A
g ClO F08/v+FO7/v+F06/v‘ ' (75)

cll= F08/V+F07/v - | ' (75),'-

c12= F08/v e-' ' - (79)'

The equatlon generator 803 generates equatlons by
: modlfylng the generated equatlons.- The equatlons generated
by the equatlon generator 803 are expressed as equatlons

(80) through (91)

c01 1FOl/V+OF02/v+OF03/v+0FO4/V+0F05/v+OF06/v
+0-FO7/v+0-FO8/v ' (80) ' |
Cozébfol/v+LF02/V+&F03/v+&F64/v+&F05/v+0F06/v
- +0-F07/v+0-F08/v - (81) | _
.'c03 1F01/v+1F02/v+1F03/v+0F04/V+OF05/V+OF06/V
+0F07/V+0F08/V , : (82)
co4=1fﬂ1/v+LF02/v+LF03/v+LF04/v+&F05/v+&F06/v
| +0F07/v+0F08/V- | (83)
C05= 1F01/v+1Foz/v+1F03/v+1F04/v+1F05/v+0F06/v
+0@%7/v+0?08/v , (84)

C06=0F01/v+LF02/v+rF03/v+LF04/v+LF05/v+LF06/v




st be’zero. Fk Satisfying'equation .(.96).is determ ned. .d 'E 12 dej dFk
- 2el dFk. 12 08 =2 {(G --aij..' Fi v) - (-akj v) :9§B%§“%0q§(96) Si nce
A7 .

the anount. of nmovenent v in. equation (96) is a 3 August fixed

- value, equation (97 is. obtained. 12 08 lakj(G-7aijFi jv)=0 j=01 x=01 (97)

The-developneht and transposition of equation (97) |eads to equation (98).
12.08 12 :E(akj!l aijFi) viakj-G j=01 ;=01 j=01 (98) One integer of 1.
through 8 is substituted for k.in eﬁ gtron (98), and 'eight equations
result. The ei-ght -equatlons are e % essed 'in.a single matrix. This

cquat on- _ " T T
+0-FO-7/v+O-’f'08/v o | (85)
co7= 0- FOl/v+O F02/v+1 F03/V+1 FO4 /v+l: FOS/V+1 FO6/v
BRat FO7/v+0- F08/v o ' (86)
 co8=0- FO1/v+0- FO2/v+0- F03/v+1 F04 /v+1 FO5/v+1F06/v
: +1- F07/v+1 FO8/v | - (87) -
_ '009 0FOl/v+0F02/v+0F03/v+0F04/v+1F05/v+1F06/v
| .. +1LF07/v+1F08/v - (88) | 7
c10 0F01/v+0F02/v+0F03/v+0F04/v+0F05/v+1F06/v'.
. +1 F07/v+1 F08/v - (89) _
,c11 0F01/v+0F02/V+0F03/V+0F04/V+0F05/V+0F06/v
+1- FO7/v+1: F08/v o (90)
-‘,C12 0F01/v+0FO2/v+0F03/v+0F04/v+0F05/v+0F06/v
o +OF07/V+1F08/V i (91
| ﬁquations-(BO)lthxough (91) may be expressed as
~ equation (92). “ | . a o .
, 8 . - B : : . -
Fb:e;%ay-fﬁ/y - o - | (92)
.'ohefe j.is‘the;pOSitionlof each éikel; Iﬁfﬁhis equation, j
-_maf be one of l-throﬁgh 12. Furthermore, i represents the
p051t10n of -a foreground value. In thlS equatlon, i is one
‘of71 through 8. Here, aij has 0 or 1 dependlng on the |
' ﬁaiue of i and . B |

If an error is taken into consideration, equation (92)




is called a normal équaiion ‘Cne'exanpie of the nbknal’eqﬁatfon generatedi
- by the equation generator 803 based on the | east squargﬁ E S
g9 P Y AO7 10

‘expressed in equation (99) 148 12 G t-03 2 G
4 5'432100F02YCi i =06 3. 4543210F0309 2.3454321F04Ci a=05 08 1'2345432F05 (¢}

12345,43F061 G i=04 . 07 O 0123454F07.2 G 0-0012345F08i =03
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may be expressed aS'equetiqn'(93).

08 ' o : : ‘
- Cj= an Fl/v+ejr S SRR - L (93)

i=01

:where ej is an error contalned ln a target pixel Cj.

Equatlon (93) may be expressed as equatlon (94).

) 08 - = S o
G=Cj- yaj-Fijv o - | o (94)
- =01 ‘ _ ) ‘ o - : Co
To appiy the 1eaStfsquares_metth,xthe sum E of

. squares of the errgr'is defined in[equetion (95).
E=Ye’ | - o (95)

To minimize the error, a partlal dlfferentlal of the
sum E of squares of. error w1th respect to a varlable Fk

‘must be zZzero. Fk.satlsfylng equatlon (96) is determined.

aFk, A JFk

o (.96_-)"
., =2'2_{(Cf-2‘"1 Fifvy-(- alq/v) 0 -

i=0l

Since the amount of movement v in equatien'(96) is a




-[06‘05.(99) [ciJ If equation (99) i's expressed. as AF= =vC, C' A and v are
“known, and F is unknown, and A and v are known at the i U@J?E del
generation,. and C- becomes known when t he -pi xel values are 1nput during

~"the pi xel val ue setting operation. By calculating the . foreground

. conponent using the  normal equatron based on the | east squares nethod, the
-error.contained in the pixel Cis dispersed. The equation generator 803
'supplies.the pi xel value setter 804 th the normal equation thus
generated.' .The pixel. value setT eb? sets the pixel value contained in

_ThE‘fOfegTOUﬂd“COﬂﬁGﬂeﬁt“1HﬂgE*fﬂ t-he- ﬁa{r+x -suppli-ed-from-t-he-equati-on—
generator 803, based on the unit ‘of processing suppl i ed from the unit of
procesEixed vallgelste@@bionl497 ydékepmitadmnedQl. The pixel value setter 804
feeds the 'matrix with the pixel value C set therewithin to an- arithnetic
uni t- 805. The arithmetic unit 805 cal culates the foreground conponent Fi/v
wtht not i orps’ bl ur renoved through a solutron usi ng the sweep-out nethod

l.7(t:he (@ r-dpaij Fl/v) 0 8 o 9T

J=0L i=01

- The development and transp051t10n of equatlon (97)

leads to equatlon (98)

(a alji-Fiy=v » akj- C] | o B - (98)
D) ) EEEE

- f=01 1=01 =01 .

One 1nteger of 1 through 8 1s substltuted for k in
equation (98), and elght equatlons result. The elght
.equations arelexpressed in a SLngle‘matrlx;t ihis eduation-
_is;called a normal eqUation. |
| One example of the normal equatlon generated by the

requatlon generator 803 . based on the 1east squares method is

.‘expressed in equatlon (99)




- El'i mi nation), and then calculates the pixel value Fi for i.e.., one of.
the integers 0 through 8, of the foreground it with the3g8%&ggoggur' S
renoved. The arithnmetic unit 805 then outputs t he foregrotind conmponent =~
i mage forned of the. pixel value -Fi with the nmotion blur renmoved as shown
in FLG 71, to a notion blur adder. 806 and a sel ector 807. ‘FOL through
FO" 8. are respectlvely set in CO3 through Cl0-in the foreground‘conponent
image with the notion blur removed in FIG 71, so that the position of ‘the
foreground conponent inage is not %%%nged W th respect to the screen'.
_m4ﬁ64Gﬁxﬁﬁw%¥€6m%mem—+ﬁ&@&wPS~H%5 Sset—i-p-—-any-posi-t--on-Fhe-motion .. ..

- blur adder 806 adjusts the anmount_of tion blur by providing a notion blur

. adjusting input v, which is difﬁ i? fromthe. anmpbunt of nmotion v, or a
notion blur. adjusting input v-,‘g% is half the amount of novenent v,

.Jor a-notion blur adjusting.input which is not related .to the anDunt
of nmovenent v. Referring to FIG é§6310r' exanpl e, the nDtion bl ur adder
806 caicudaBes2 t he O fOr €yFBOHId cqfponent Fi/v' by dividing the-pixel value

'H'B.qmgu@%mz 1%0 o

he fgz%g ound with the notion blur renoved by
- the npotion blur”a ]UStI iI'fiput |¥&,~ and suns the foreground conponent
Fi/v',[3art fhen dederht 84| A0 pi fe? value with the notion blur adjusted.
For eXanps eq vhep tshey. mal|igmy (bl uj B€fpsting input v' is 3, the pi xel val ue
mzls . . - . T = .| =05 ! . : . :
T 23 4 5 403 2)Fes) TV B9
01 2 3 4 5 4 3l|F06| - |4
: N . Q7 .
0 012 3 4 5 4)jF07| EC"}
00012 34 s|jrog| |58
o = Ci
i=062 .

N ci |

oz

1f quetion (99)-13 expressed aeaATE“rC, Cc, A, and v
,are-knowﬁ,_and F_is'ﬁeknoﬁﬁ;_and A and v are known at the‘
time of model generatioh,_end C becomes khbwn'when,the
pixel_velues are iﬁput dufing the pixel value setting

' operation. |
By calculating the fqregrduﬁdfcoﬁponeht ueing_the
normal equatiop basedlonrthe leastlsquaree method,;ther
error centeieed_in the pixel ¢ istispersed.- B
-The,equation generatd: 803-suppliee the pixelrveluel
]‘setter 804 with the nb;mel equaﬁioﬁ-thus generatedf
| :The pixel value setter 804 sets the pixel value
- cehtained.in the'foregfeund'component image in the matrix
' ? supplled from the equation generator 803 based on the unlt

of proce551ng supplled from the unit of prOCeSSlng




- (FOl)/v , the plxel value V03 is (F01+F02)/v ,. the pixel .value C04 is .
(F01+F02+F03)/v ,.and the pixel value C05 is . (F02+FCQ§EQ§§§Q’05The nntlon
bl ur ‘adder 806 supplles the selector 807 with t he f oregrou conponent :
> image with the notion blur adjusted.. In response to.a selection signal
input by a user, the 'selector 807 selects between the foreground conponent
--inmage, with the. notion blur renoved; supplied fromthe arithmetic unit 805
" and the foreground: conponent inm qégytklthe motion blur adjusted,
“supplied fromthe notion blur adder 06. The sel ector 807 outputs the
—setected-foreground-——conponent—image—-Fhe-rot-i-on-bl-ur - adj ust er -106- adj-usts-
. ‘the anount of notion. blur based;on the selection signal blur adj usting
© i nput: daterminkey h&Othl‘Dhernxelanﬁllae wleertetrhesomurﬂmda)ftlm xel's per unit -
of processing is 8, and the. anount of novenent is 4, the notion blur
adjusm@ﬁJMOB‘g@ﬁbrhh@spaxattVaiue100¥et3thequmatmﬁ®513)lﬁﬂ 43210 343
21 23432 12343 0 1 2 3.4 , o _

arlthmetlc unit 805.
The arithmetic unit 805 calculates the foreground
‘dcomponent Fi/v with the motion'blur'removed through a
solution uelng the'sweepfout method (the Gauss—dordan

B Elimination),pand then‘calculates the pixel value Fi for i,

i.e.l_one of the integers 0 through 8, of the foregrOund

with the motion blur removed. The arithmetic unit 805 then

toutpute the foreground component image formed of the pixel

gvalue Fi With-the motion blur‘removed as shown in FIG. 71,
”V'to a motlon blur adder 806 and a selector 807.
F01 through F08 are respectlvely set 1n Cco3 through
€10 in the foreground component image Wlth the motlon blur
._removed in FIG. 71 so that the“position of the foreground |
: component image is not changed with'respect-to the screen.
'The foreground component 1mage is thus set in any p081t10n.
The motlon blur adder 806 adjusts the amount of motion
o blur by prov1d1ng a motion blur adjustlng 1nput vy which
is dlfferent from the amount of motion v, or a motion blur
“ad]ustlng 1nput v , which is half the amount of movement_v,
-or a motion blur adjusting input v', which is not related
“to the amount of mouement V. Referrlng to FIG 12, for
example, the motion blur adder 806 calculates the

foreground'component Fl/v-,by dividing the pixel value Fl,




FOl F02 F03 =v F0O4 F05 Oe G - =05 07 ~Ci.. i =0a 06 20 |—03 (10. 0) 05
;011 G ,a02 04 | C The motion blur adjuster 106 f ﬂgbﬁ%ﬁﬁsequatlons_
,mnth the hunber t her eof corresponding to the unit of processing, and
"cal-cul at es Fi, which is the pixel value with.the arount of notion blur
adj usted. Likew se, when the ‘number of pixels per.unit of processing is
100, equations corresponding to. 100 pixels are generated to. calculate

R - - 150 -

of the foreground w1th the motlon blur removed by the‘-
hmotlon blur adjustlng 1nput v', and sums the foreground
'component Fl/V , and then generates the plxel value with
-l_the motlon blur adjusted -For'example, when the motion
_blur adjustlng 1nput v is 3, the plxel value CO2 is.
=(F01)/v ' the plxel value V03 is (F01+F02)/v'3 the plxel
“‘.1value C04 1s (F01+F02+F03)/v ' and the plxel value C05 is
3(F02+F03+F04)/v' _
The motion blur adder 806‘suppliesﬂthe selector 807
With the foreground.component image with the motion blur
adjusted N |
In response to a selectlon 51gnal 1nput by a: user, the
r.jselector 807 selects between the foreground component 1mage,
with the motlon blur removed, supplled from the~ar1thmetlc |
'unlt 805 and the foregroundgcomponent.image,-with the |
i'motion blur adjusted supplied-from the’motion blur‘adder '
806. The selector 807 outputs the selected -foreground
pcomponent 1mage._ | | '
| The motlon blur adjuster 106 ad]usts the amount of
'motlon blur based on the selectlon s1gnal and the motlon
blur adjustlng input v'.
For example, when the number of plxels per unit of
- processing is 8 and the amount of movement is 4, the

u'motlon blur adjuster 106 generates a matrlx (100).

-




. FIG .74 is a diagramillustrating another construction -of the notion bl ur

- adj uster 106. Elenents identical to. those descri bed vmaté] @%EE ice to FIG
68 ‘are 'designated, - with t he same- reference nuner al s, i'scussi on

~‘thereof is omtted here. . In response to "a selectlon signal, a selector-

- 821 sel ects between supplylng t he 'uni't. of processing deternlner 801 and the
nodel generator. 802 with the rnput motion vector and position. signal
thereof ~and supplying the unit ﬂ%gocessing determ ner 801 and the nodel

~generator 802 wth the notion vect and position signal thereof with the

““*ﬁ&gﬁttﬂde"ﬁt"the'ﬁE{iOﬂ‘verOtmfep|&Ced"MfThm%hEmﬁBth@nrw3wAngSPw2GG5wi52'~

““ blur adjusting input v'. .gythgs way, the unit of processing determner 801
-through the arithrmetic un|fN\'8pP5 in the notion blur adjuster 106 in FIG -74
adj ust the anount of notipfgbljur in accordance with the anmount of novenent
v and uhe;ngtqom) rogys - ad| @stiing input V. For exanple, when the anmount of
novemgnt | s . -appd the nppieh blur adjusting input v' is 3, ‘the unit of
procedsi fy ae@er ﬁ@?‘80112hrough the -arithnetic unit 805 in the notion.
“blur adj wster 3105 Fo3F1G. 32731 use the, nodel having the (”ltﬁd on bl ur
adjustg ?! opyt -y Fog‘ 3 & illlustrated in FIG 72 and the foreground.
conpof e n - ' : S

0 1 2 3 4||Fos| D Ci

. . . L 1322
Yci

1i=01 J'

The motlon blur ad3uster 106 formulates equatlons with -
the number thereof correspondlng to the unlt of proce551ng}
.and calculates Fl, whlch is the plxel value_WLth‘the-amount
-of.mction'blnr edjueted. Likewise, when the. number of
;'plxels per unit of proce531ng is 100,‘equatlons
.correspondlng to 100 plxels are generated to calculate Fi.
FIG. 74 is a dlagram 111ustrat1ng another construction
of the motion_blnrvadjuster 106} ‘Elenents'identical to
those desctibed with'referenCe to FIG. 68 are designated .
with the same\reference nunerale, and-the discussion
the;eof ie omitted here. | |
In response to:a selection signal 'a‘selector 821
lselects between supplylng the unit of proceSSLng determlner
801 and the model generator 802 with the input motlon
vector and posltlon slgnal thereof and supplying the unit'
of'procesSing determinet 801 and the model‘generator 802

‘iw1th the motion. vector and p031tlon signal. thereof with the

_magnltnde of the motion vector replaced w1th the motlon.'




.image having the amount of movenment v.of 5 ,as illustrated in' FIG 74. The
un|t of "processing determ ner. 801 through the arlthnet|§ H§w§2§&§ in the
‘notion blur adjuster.106 in FIG . 74 then calculate an inage Wth the
"amount of notion blur in response to the anmount of novenent v of
“approxi-mately 1.7, because (the amount of novenent v)/(the notion qur

~adjusting input.v')=5/3.. In this case, the cal cul ated i mge does_not
-~contai.n the notion blur responsiv 0 the anbunt of novement v of 3, and
t hus, the. rel ati onship between t amount of novement v and-the notion

*ﬂmr-"Mnstmgfnput—v---“‘- i-s—di-ff-erent-from-that--applicable-to-t-he-resttts-
provi ded by the'.notion blur adder 806. As described above, the.notion

V;blurzhmust&djdifhn@ Pupust v2005 - 153 generates the equations in response
to the anount of novement. v and the unit of processing, sets the pixel
val ues of tlhe tificy egayouncheonpibheat pragesisihg et egeniateat 801 equat i ons,
-and .cal cul ates the foreground conponent inmage with the nmotion bl ur -
adj usttderoudtefte iaitlmetficoundtagfaminl fthst mattden mlkiGad s tde:

- adj ust ment - process of the-notion blur adjuster 106 for adj usting the anmount
of notli%n 1 FlGorthiakinsh the aopugtogfidmosiponddur age is dlscussed In

',_step 5801, the.unit- of processing determner .801 in
: accordance w1th the amount of movement v and the motlon

blur-adjustlng 1nput v'. For example, when the amount of
’movement lS 5, and the motlon blur- adjustlng lnput v is 3f
.the unit of proce551ng determlner 801 through the o
Aarlthmetlc unlt 805 1n the motlon-blur-ad]uster 106 in'FIG._
74 use the model hav1ng the motion blur ad]ustlng 1nput v'
:of 3 as 111ustrated in FIG 72 and the foreground component
_1mage hav1ng the amount of movement v of ‘5 as 1llustrated
in FIG. 74. The unit of proce551ng determlner 801 through'
'the arlthmetlc unit 805 1n the motlon blur adjuster 106 in
FIG. 74 then calculate an 1mage with the amount of motion
- blur in response to the amount of movement v of |
approx1mately 1 74 because (the amount of movement-v)/(the
'tmotlon blur ad]ustlng 1nput v')= 5/3 In thlS case, the _':
h_calculated ;mage does not contain the motlon blur .
'responsivehto the_amOunt'of movement v of 3,'and'thus,Athe..
'relationship between the amount of novement v and the
motion blur adjuéting input vt_is different from that
applicahle to the results provioed by the motion blur adder
.806. |

_‘AS'described above, the motion blur adjuster 106




~ the notion blur adjuster 106 generates the unit of processing based on the
- motion vector and the area information, and feeds the ggaﬁ§ﬁ£§gognlt of -
.‘processing to. the.. nodel. generator 802. In step S80 e nod
'generator 802 in the motion. blur adjuster 106 selects or generates the
model "in . accordance with the anount of novenent v and.the unit. of.
" processing. In step 5803, the equation generator 803 generates the. nornal
" equation based -On ‘the. selected nodel.. In step 5804, the pixel-value setter
804 sets the pi xel val ues of "the rotéﬁround conponent | mage i nto-the :
—-—gehetrated-noral —eguati-of—I-n step-5805—+t-he-pixel val-ue—setter-804 ...
- determ nes whether the pixel values of all pixels corresponding to the
unit ofepepaees baeecbe@tissls inViedsddnds wetend agduhbabet he pi xel val ues
of all pixels 3 August 2005 - ‘15 4 - corresponding to the unit of process
~ have mu¢vemenbeenasdt thet hevitows pardepsidd, séeps S8R4. pﬂﬁélthe process of
" setting the pixel values into the nornal equation resunes. When it
deternvmb@e$n0§tEbES$ﬁEeQMEMDMh@qmpdﬂeﬂﬁﬂﬂﬂﬁgéﬁlﬁﬂd £Mée§én§§§t§§pondlng
to the.unit of process have been. set, the routine proceeds to step S806.
‘The ®Iidpbene, uand ee3cudhteisattds tﬁmerq@meind/aimmpmtent hemégeeground
...conponent' i mage-wi th the notion blur- adjusted, based on.the -nornal .
"equatMﬂiﬂm?hﬁt%@tbﬁﬂeblualaésueeﬁdtheremnthln and supplled fromthe pixel

Ivalue setter 804. '
: Referrlng to a flow dlagram lllustrated in FIG 75,

the adjustment process of the motlon blur adjuster 106 for

adjustlng the amount of motlon blur contalned in the
foreground component image is dlscussed.
‘In.step 5801, the unit of processing determiner 801 in

the motion blur adjuster 106 generates the unit of

processing-baeed on the'notion“vector and the area
”:infOrmation, and feedelthe generated:unit of proceserng to.
_hthe model generator 802. | | | |
| In step s802, the model generator 802 in the motlon
blur adjuster 106 selects or generates the model 1n
accordance w1th the ‘amount of movement v and the unit of
proceSSLng. In step 8803 the equatlon generator. 803
'generates the. normal equatlon based on- the selected model.-“
| In step 5804, the plxel value setter 804 sets the
plxel values of the foreground component image into the
generated normal-equatlon.i In step S805, the prxel_value
setter 804 determines whether the pixel vaiues of ell |
pixels cOrresponding to the;unit of_process have been set.

When it is determined that the pixel,values of all pixels




The routine'tﬁus:ends.' f-n thIS may, the: nDtlon bl ur adjuster 106 adj usts -

‘the anount of notion blur in the foreground i mage. conéﬁh&ﬁgg ﬁ e-notion
“blur based on the notion vector and the area information. ? e amount of
notion bl.ur contained in, the pixel value as sanpled data is thus
~ adjusted. The signal processor 12 shown in FIG 4 adjusts the anount of
notion blur contained in the input image in this way. The signal processor
12, Wi th the construction ‘thereof jllustrated in FIG. 4, calculates the
m xture ratio a, which is ‘enmbedded ¥§ﬁ¢3rnat|on and. then outputs the

— -xt-ur-e—+atio-a—F-G—76—is—a-bleck-—di- agr-amHJ -ust+-ating- yet-—-another—-.
~construction of the nmotion blur -adjuster 106. The notion .3 August 2005 15

5. - veatrerspudlide DOSthé Oini ol OENpoeRsEh e retpRldiedhddiPet f he motion
detector 102 are fed to a unit of processing determner 901 and a corrector

905, ahe triomtairen Iodms med | stepuppbitedahidonhich i slei®redineind 03 is fed
- to the unit -of processing determner. 901. The foreground conponent inmage
supplth& mmmahlualueﬂegnbmnﬂhandobmakgequadlon resumes. ' R
When it is determlned in step 8805 that the- plxel
. values of all plxels correspondlng to ‘the unlt of process
have been set the routlne proceeds to step 5806. .The
: arlthmetlc unrt 805 calculates the pixel value_of.the'
"foreeround c0mp0nent;image uith,the'motion blur addusted;
based'on'the uorual equation with the pixel valuesrset
therew1th1n and supplled from the plxel value setter 804._‘
The routlne thus ends. -7 |
‘In thls way, the motlon blur adjuster 106 adjusts the
°”amount of motion blur in the foreground 1mage contalnlng |
the motlon blur based on the motlon vector and the area
1nformat10n.
The amount of motlon blur contalned in the pixel value
- as sampled data is thus adjusted.
The signal processorllé Shown in FIG. 4'adjusts the -
amount of motion blur containeduin the iuputrimage in this
iuay;' The signal processorilza with the construction
.thereof'lllustrated,in EIG.:4; calculates the mixture ratio
'-q,_which is embedded information, and then outbuts the
umixture ratio a. |
FIG. 76 is a block-dlagramaillustrating,yet another |

‘construction of the motion blur adjuster 106. The motion




separatdr'105'is fed to an.arithnetic unit 904. The 'unit of processing

deterniner 901 feeds the. generated unit of processing S%BQGt@%bsmﬁth the

‘nmotion vector to a nodel generator 902, based' on the notioR véctor
‘position information thereof, and the area infornmation. The nodel
902 generates .a nodel based‘on the notion vector and the input..un
~processing. An equation generator 903 generates. equations based o

nmodel supplled fromthe nodel generator 902. The equations generated by t he

~ equation generator -903 are di scussed®w rh reference to anodel of t
------- —foreground conponent—irage—i-H-ust+at ed-—i-A—F-G—77-t-hrough FI-G-79;—

.wherein the nunber of foreground conponents-is 8, the nunber of plxels per

unit ofeptoresfdnghespdaitddd HMEormlDitH heFOYEBRbpYibd Brofhe

f oreground: conponents for the shutter tinme /v -contalned i'n the-foreground

he:

gener at or
nit of

n .the

he

n the

* conporieie morbijenadetBOtby 102hawegE D/, a thiei t ebat pooshEHikgt veen pi xel
‘'val ues COL .t hrough Cl2 and FOLl/v through FO8/v is expressed in 3 August

2005 1dsteruianenn30l 68idt hr coglrectd)r: S0WCermd Nghdi xedaval ues C12

and

Cl1, -t he pixel value Cl2contains only the foreground conponent' F08/v. as
‘ expresefefépﬁ‘mﬁ*emwv@npued) framd thiee apiece|detad tnei et 1 €ONidi pedt be sum of

the. foreground conponent FO8/v-and the foreground conponent FO7/v.
. foregHHUhduyﬁﬁpaﬁemro¢@$$nng determlner 901. The foreground

component 1mage supplled from the foreground and background
| separator 105 1s fed to ‘an arlthmetlc unit 904 - |
| The unit of proce551ng determlner 901 feeds the -
‘generated unlt of proce551ng together w1th the motlon h
vector to a model generator 902, based on the motlon vector
“the p031tlon lnformatlon thereof, and the ‘area 1nformatlon
| The model generator 902 generates a model based on the
motlon vector and the 1nput unlt of proce551ng.
An equatron generator 903 generates equatlons based on
-the model supplled from the model generator 902.
The equatlons generated by the equatlon generator 903
_are dlscussed with reference to a model of the foreground
component 1mage lllustrated in FIG 77 through FIG. 79,
wherein the number of foreground components is 8, the
.'number of plxels per unit of processing is 12, and the
.amount of movement v 1s 5. |
| When the foreground components for the shutter time /v
-contained,in the foreground component image are Fdl/v |
'through FOB/V, the relatlonshlp between plxel values COl

o through C12 and FOl/v through FO08/v is expressed in

The

¥




is thus det ér mi ned usrng equatlon (102) ' F08/v Cl2 (101) . FO7/v=C11-.Cl2
~ (1102) Likew se, the foreground conponents FO6/ v throughAﬁgkggogje '
~determned using equations. (103)' through (108) because the foreground -
“conponents are contained in val ues CO through C10. FO06/v=C10- C11(103)
F. 05/ v=009- C10( 104) . FO4/ v=C08- C09(-105) FO03/v=C07- C08+C12( 106)
FO2/ v=C06- - C07+CL1- - C12(107) FO1/v=C05- CO6+C1lO- C11(108) The equati on

s generator 903 -generates pixel the gﬁg@tlons (101) through. (108) for.
'calculatlng the foreground conpon Tromt.he dlfferences betmeen the

t he arlthnetlc unit 904. The arlthnetlc unit 904 sets the plxel values of

the 3 edugitsitor2086 8 ) 1iGrodghegroynd conponent i mage into the equations
supplied from the equation generator 903, and cal cul ates. the foreground

.'conponentsdmnnarnmngrpnxmwawabmesmcﬂh ahd pﬁXeItwerpmxemﬂvaldﬁwemrthrn
The arithmetic unit 904 sets'the pixel values ,

o 012 contalns only the foreground component F08/v as
expressed Ln.eqnatlon (101), and the plxel value Cl1l1
.contains the.sum;of“the‘foreground'componentrFOB/nlnnthhe -
-foreground conponent ﬁ07/t;i'The foregronnd component F07/v
is thus determlned using equatlon (102)

| FOS/V—C12 T f_t' S (1o1)
‘F07/v=C11—612 R ‘ “rloz)
leew1se, the foreground components FOG/V through

”‘FOI/V -are determlned uSLng equatlons (103) through (108)

because the foreground components are contained ln_pixel

- values COl through C10.

Fos/v;Cibéc11;" ' L o (103)
Eosrv#cqgfcio o | R (104)'
_FQ4/v=603-cb9' R . (105)
Fd3)v=c07-c08+c12: - o - (106)
| F02/v=co6~c07+c11~c12 D - “"(107)
FO1/v=C05-CO6+C10-C11 - . (108)

The equation generator 903 generetee the equations
‘(iOIj through\thS)hforicalculating,theoforeground
.components from the-differences between thecpixeirvalues.'
_ The:eguation generator 903 reeds'the genereted eguations to
the arlthmetlc unlt 904. B |

The arlthmetlc unlt 904 sets the plxel values. of the




Q05 through Cl2into the equatlons (101) through (108) - when the equations
(101) -t hrough (108) are supplied fromthe equation- genegg% - The
arithmetic unit 904 cal cul ates the foreground conponents ase on the
"equations with the pixel values set ‘therewithin. For éxanple, as. :
iilustrated in FLG 78, the arithmeti.c unit.904 cal cul ates-the f or egr ound
conponents FO1/v -t hrough F08/v fromthe. equations (101) through (108).
~ with- the pixel values Q05 t hrough: C12 set thecewithin. -The arithnetic
“unit 904 supplies the corrector- 9051%' th the foreground conponents FO1/v

——throﬁgh -FO8/v.—The--corrector—905--mul-+i-pli-es-t-he-foreground-conponepts— -
supplied-fromthe arithnmetic unit 904 by the anount of = novenent v

~cont ai fededrotie EBipONeNECt RhgeURBlbed hll @iuais ot dushl DEQCLESRNY
det erm ner- 901, thereby cal cul ating the pixel values of.the foreground

with titee nequanion! genesesoveds o3 Foanax aanloa,l atpen ﬁtﬁé:etdfé@rctthedf or eground
conponents FOL/v through FO8/vsupplied fromthe arithnetic unit 904, the
- corr ectamp@n il haped esn eahé efubbdoher edrauntec gnipaentsludd éat t hr ough
- FO08/v by the ampunt of nmovenment v of -5,.- théreby resulting.in the pixel
© val ues-hediew rtough - I8 oir Bthmguic 20086 90&58ett|setﬂme;gxm&tdva\1méts t he
- notion blur- renpved. The corrector 905 supplies a notion blur adder 906 and
a. seIéEFbHﬂBWWGHtQiQt%ﬁﬁ@r@@@oﬁ@daCoﬁpénéhOlnnﬁ@edUghnﬂﬂO&ﬁ iteen '

_"foreground pi xel values with the notion blur renoved.
- the equatlons (101) through- (108) are supplled from the

equatlon generator 903.

The arlthmetlc unlt 904 calculates the foreground
“.compohents based on the equatlons Wlth the,plxel‘values.set
Vtherewithin. For example;‘as'illustreted'in FIG.j?é, the

.arithmetie unit 904 caleuletee-the foregroond components
FOl/V through F08/v from the. equatlons (101) through (108)
‘w1th the plxel values co5 through c12- set therewrthln. -The-
arlthmetlc unlt 904 supplles the corrector 905 w1thrthe
hforeground componehts FOl/v-throughrFOS/v. B
~ The COrreetor 905 multipliesAthe foreground components
supplied from the arithmetic unit 904'by the amouht'of
movement v.contaihed in.thelmotion'vector supplied from the
V:lunit of proceeeing-determiner 901,.thereby céldulating'the
- pixel values ofithe:fqregrOUnd with the,motion,blur.removed{‘
For example, upon receivihg'the.foreground components F0l/v
-through FOB/ﬁtsupplied from the arithmetie unit 904, the
,rcorreotor 905 muitipliesreach of theforeground eomponents |
'F01/§-through-F08/vlby the amount of movement vlof-S}

thereby resulting in the‘pikel values F01 through F08 of




The notion blur adder 906 adjusts the anpunt of motion blur by providing a
- motion blur. adjusting input v', which "is different fr aﬁigqunt of .
motion v, for exanple, a notion blur adjusting input v Ich 1s half the-
amount of novenent V., .or which is not related to. the arr_ount of - novenent
~v. Referring to FIG 72, for exanple, the notion blur_adder 906 cal cul ates
- the foreground conponent Fi/v'-by di viding the pixel.value-.Fi of the
‘foreground with-the notion blur nﬁggd by tfie notion:blur.adjusting input
v', and suns the foreground conpone Fi/v', and then generates the pi xel

fﬂwﬁmaw+hfheﬁmrmrmﬂra$ﬁﬁedeFm ------ exanpte;,—when-—t-he—-pti-on-bl-ur— -
adjusting input v- is 3, the pixel value @2 is (F0l)/v', the..pixel value

V03 istM50ﬂeE®§rbuhd-whEhpthelmwﬁﬂmn(Hl%rirhmdﬁﬁdf02+F03)/v', and t he
- pi xel "value Q05 is (F02+F03+F04)/v" -The notion blur adder 906 supplies the
sel ect or 9(The wreiredeorf 808gsuppd iesmao merticnragiar s Addéhes ot awd bl ur -
adj ust ed. In response - to a selection signal input by auser, the

sel ectarsebgcket e20% hetheéhetﬁerbgnegmmhmdm@mnnnﬂenhna@mg@ormudth t he
motion blur renoved, supplied fromthe arithnetic 3 August 2005 - 159 unlt

905 arf tHhe fﬁﬂwm‘h@dcphﬁ@ﬂieﬁaluﬁfﬁg@ltw tthet et iomoth ur bremowed ust ed,
supplied fromthe notion blur adder 906. The sel ector. 807 outputs the

sel ect ed f&f@gmtmeﬂ@deﬁag% adjusts the .amount of motion

blur by provrdlng a motlon blur- adjustlng input v', Wthh
is dlfferent from‘the amount'of motlon v,-for example, a

‘ motlon blur adjustlng lnput v', whlch is half the amount of
movement v, or which is not related to the amount of
movement v. Referrlng to FIG l2, for example, the motion
blur adder 906 calculates the foreground component Fl/V by
drvrdlng the plxel value Fi of the foreground wrth the
motlon_blur removed‘by the motlonrblurtadjustlng lnput v',
and eums the foreground COmponent Fi/v', and then generates
the plxel value w1th the motion blur adjusted. For exampleL
when ‘the motion blur adjusting lnput v 1s‘3, the'pirel

"value CO2 ‘is (FOl)/v' the pixel value VOj is (FO1+F02)/v',

- the pixel value co4 is. (F01+F02+F03)/v'. and the pixel

~ wvalue €05 is (F02+F03+F04)/v .' -

The motron blur adder 906 supplies the'Seleotor'907
with the_foreground component-imageiwith the motion blur
~adjusted. |

In response to:a selectlon'signal inputvbf'a user}”the
selector 907 selects between the foregroundlcomponent image,

with the motion blur removed, supplied from the arithmetic




The notion blur adjuster. 106 adjusts the anount. of .notion blur based on

- the selection signal and the notion blur- adjusting inp v adj ust'nment

- process of the notion blur adjuster 1.06 |IIustrated_#gAE?%gzggﬁfor .
~adjusting the. anmbunt of notion blur in the foreground is discussed bel ow
with reference to a flowdiagramillustrated in FIG 80. Instep 59.01, the
uni t of proceSS|ng determ ner 901 in the notion blur adjuster 106 generates
the unit of . processing based on the notion vector and the area
‘information, and then feeds the geh%?%red unit of pr.ocessing to the nodel

~egeﬁerater 992~and4theeeerree%er 9954*Fﬁ*8%€ﬁ45992~*%he nodel--generator—902
in the motion. blur adjuster 106 sel ects or generates the nodel in '

- accor dance 9% Mﬁ@&mﬂﬁfeﬁfoﬁﬁﬂeﬁﬁﬁbohe@td inPRyeinidiel Pocessing. In
step S903, based. on the selected nodel or the -generated nodel, the

equat inwrt gends i oradi @St g@nesapps ieaqifabmonhd atottidic Wil r\ﬂddé\ﬁ foreground
~conponents in response to the differences between the pixel values of the
foregﬂﬂﬁmlcnnpmmﬂﬁctmmgeo7lﬁuspepsSQﬂé slecardd Mmtégramd 904 sets the

. pi xel ©3 August 2005 - 160 values of the foreground conponent image into

. the g@mmpnnﬁhmxamag@ns and extracts the foreground conponents fromthe

. difference between the pixel values based on the equations with the plxel

" val ues SetﬂﬁWEN@WIQHrblqﬂlQﬂ}ﬂBESD5106hedJUStS the amount of

'motlon-blur based on the selectlon 91gnal'and thegmotlon
‘blur adﬂusting inputrv'. | o |
'dThe edﬁdstment_pfocess qfrthe motion biur edjyéter_ibﬁ
| illustrated id FiG. 76'f0rradjusting the,emount of_metion
blur in the foreground is discussed belowﬂwith reference to
- a flow diagfamfiliustrated in FIG.dSO -
o In step-SBOl- the unlt of proce351ng determlner 901 in
the motion blur ad]uster 106 generates the unit of
_proce551ng based on the motion vector and:the area
_ihformatiee} and-then.feedsrthe'generated unit-ofi
:processing tbrthe'medellgeﬁetetor 902 end the.cbtreetor 905.
In step 8902, the model generetor,962 in the motion.
o ':blur adjﬂster‘loé selects or genefates tﬁe-model'in
accerdancerwith the emdunt‘efrmevemeht'v and the unit ef
_processihg. In step 3963 based on the- selected model or.
the generated model, the equatlon generator 903 generates
gequetlons for calculat;ng‘the foreground components ;n
response to thefdifferenees‘between therpikel veluee ef the
foreground compoﬁeht-imageu | | |

In step $904, the arithmetic unit 904 sets the pixel




arithnetic unit 904 determnes whether "all'"' foreground .conponent s have
~been extracted for the unit of "processing. Wen it is gg&s $1@§g that al
foreground conponents have not. been extracted for.the uni processi ng,
. the routine 1loops to step S904 The extraction process of the foreground
conponent then resunes. Wien it is deternined in step S905,that all '
- foreground conponents have been extracted for the unit of processing, the.
routine proceeds.to step S906. In response. to the anount of novenent v,
‘the corrector 905 corrects each of fi@ foreground conponents FA /v through
~FO8/ v supptied-from—the-ari-thmetic. —uni-t-904,—t-hereby-cal eul-ating-the — -
pi xel . val ues-F01 through FO8/v of..the foreground with the nmotion blur "
. renovedalues efephSQﬁ@regheumﬂtDmmpﬁnﬂnuuﬁhﬁgQOﬁntﬁlﬁheagéﬁekhte@lXe

val ues of the foreground with-the anount of notion blur adjusted, and the
sel ect@dua@byorel eand butweenst lthe ifvameyndund tdemponents bEvonr emeved and

t he . |nage with the notion blur adjusted, -and then outputs the selected. -

i mage. AThEerouee neetweanehbis. PikelmMﬂhmeaﬂhﬂseduthEMe16@uathoasrated in
"FIG: 76, 3 August 2005 - 161 - qui ckly adj usts .the . notion blur in the

f or egriotiy ?%%g@lehrhﬁéﬁe§lﬁﬁtetBEMQMRﬂhknu; Imhetepns268 i obhe- t echni que

to partlf renove notion blur, such as a-Wener filter, is effective in an
" ideal &F t hmetic unlt 904 determlnes whether all foreground ‘ ,

: components have been extracted for the unlt of proceSSLng.
When it is determined that all foreground components have

" .not been‘extracted-for the unit-of processing} the routine

-~ loops to.step‘5904' “The extractlon process of the

foreground component then resumes.

When it is determlned in step 5905 that all foreground .

*components have been extracted for -the unlt of processrng,'

_~the routine proceeds to step 3906 In response to the

'amount of movement v, the corrector 905 corrects each of

the foreground components FOl/v through F08/v . Supplled from

the arithmetic unit 904, thereby calculatlng the pixel
-_values FO1 through FOB/V of the foreground with the motion
“blur removed.

| In step S907, the.notion hlur'adder 906 calculates the

| plxel values of the foreground w1th the amount of motion
ahlur adjusted, and the selector 907 selects between the
-inage with the motion blur removed and the image with the
_motion blur adjusted, and then outputs.the‘selected-lmage.

The routine then.ends. | B

‘The motion blur adjuster 106 illustrated in FIG. 76




state, but proves insufficient : in. the deblurring of an
- - .actual -i mage- quanti zed and contai ni ng noi se.. The notlon3AMg£H&0§gjuster 106
- illustrated in FIG 76 proves sufficient in the.deblurring an Inmage _
- quantized and contalnlng noi se. Precise deblurring of the image becones
- possible. FIG 81 is a block diagramillustrating a function configuration.
- of .the. signal processor 12. The el enments-identical to those described.
“with reference to FIG 4 are desi ted with the sane reference nunerals,
‘and the discussion thereof is onitt Here. The area deterniner 103 feeds
T "“ﬁ're HTear[ nformationto—the m-xture ratio catcut-ator-—-104-and-a-synthesizer-
1001. .. The mxture ratio . calculator 104 supplies the foreground and
backgrquuraj(r}epmpmrs 1fXoe amoit 16 bynrhdsi zee FHR@LrWdd tigagexture ratio
‘a.' The foreground and background separator 105 feeds the foreground
- conporidmtougtageinml ¢ hsabynt&desorer 100. 1. The synt hesizer 1001 synt hesi zes:
any background i mage and the foreground conponent inmage supplied, from.the
f or egr ound Thed . cararsogriounad, sepehmigue 106, phasd¢ semblve mutdiare ratio. a
-supplied fromthe mxture ratio cal culator 3 August 2005 162 104 and the
. area ibdfgTmEIdn auppIWiener ofi therar déa edéeetiveednl@d) idewd outputs a
' syntheS|zed i mage of the background inage. .and the foreground conponent'
 imageStateg balzt iPFoyes dgyant Jrcrsceltltawn‘ghehéebéﬁgﬂ:rlu@t iogh aof :

actual image quantlzed and contalnlng noise. The motion

:,blur ad]uster 106 rllustrated in FIG. 76 proves sufflclent

in the ‘deblurring an lmage quantlzed and contalnlng noise.
y Prec1se deblurring of the 1mage becomes p0551ble
FIG. 81 is a block dlagram 1llustratlng a function
conflguratlon of the 51gna1 processor 12. |
The elements 1dent1cal to those descrlbed w1th
‘reference to FIG. 4 ‘are des;gnated w1th‘the same referenceo
Anumerels, und the discussion_thereof;is omitted'here.-
The area determimer 103 feeds the'aren information to
the mixturerratio calCulator 104 and a'sYnthesizer 1001.
The mixture ratio calculator 104 supplles the
,foreground and background separator 105 and the synthesizer
1001 W1th-the mlxture,ratlo a. |
The foreground and background separator 105 feeds the
- :foreground component 1mage to the synthe51zer 1001. |
The synthe91zer 1001 syntheslzes any background 1mage
n-and the foreground component image supplled from the
foreground and background separator 105 based on the

'mlxture‘ratlo o supplled-from the mixture ratio calculator -




a synthesi zer .1001. A-backgroound conponent gener ator 1021 generates a

background conponent. i mage based on the m xture ratio a3ﬂﬂgjagﬁ gackground

image, and feeds the background conponent i mage to. a m X d;area i mage :

.. 'synt hesi zer 1022. The ni xed area i mage synt hesi zer 1022 'generates a

- . mxed area synthe5|zed i mge by synt hesi zing the background conmponent
~i'mage and the foreground conponent image supplied fromthe background

- conponent generator. -1021, and then feeds the generated, nxed area
"synthesi zed image to an i mage synth&&Zzer 1023. The i mage synthesizer 1023

~£VMh£$iesth&4&Hﬂﬁ%md -eenponent—i-a ge—4helnxedéneasymhegzedew -
image provided by the m xed area inage syntheS|zer 1022, and-any

backgr guadahAR@8e Q%%%dl%@dﬂﬁ?at%fcﬁﬁ éd‘ﬂ ey 1 00, aa%f tQEQ outputs the
synt hesi zed i nmage. In this way, the sy esl zer synt esi zes any

- ~backgreesdriniaee 09 hhe LAGERAUINT SRS ed BRlfge 19 LABIE Which is
obt ai ned by synt hesizing the .foreground conponent. 1Tnage wth any

 backgr baogionge bRagd QRdt e eTipdddE oiald @ chddRkst Brggeat ural- than an
image .-that is. obtained by nerely -synthesizing |nages 3. August 2005 -

163 FIG 83FI6. aghl pskadiagyzam lil0ektabitig @Rt Sordtaidofogodfi guration.
of the signal processor 12 for adjusting the notion blur. The signal"
proces@osynﬂhe51zer 1001. p:\ background component generator 1021
'generates a background component 1mage based on the mlxture
: ratro o and any background-lmage, and feeds the backgrOUnd
component image to“a.mixedrarea»image synthesizer 1022. |
'The-mixed area image Synthesizer 1022'generates a
mixed area synthesrzed 1mage by synthe3121ng the background
‘component image and the foreground component lmage supplled
- from the background component generator 1021, and then
feeds the generated mixed area syntheSLZed 1mage to an
:llmage synthesrzer 1023.
The 1mage;synthesizer,1023_synthesizes the foreground
component image, the mixed area‘synthesized image provided
;by the mixed area 1mage synthe51zer 1022, and. any |
:background lmage, based on the area information, and then
'outputs the synthesrzed'lmaget |
In this way, the synthe51zer 1001 synthesrzes any-
':background lmage from the foreground component 1mage.
The 1mage‘wh1ch is obtained by‘synthe5121ng the
_foreground component 1mage wrth any background image based

bon the mixture ratio « looks more natural than an 1mage

~that is obtalned by merely synthe5121ng images.




illustrated in FIG 4 sequentially calculates the area determnation and
. the mxture rati.o a, while the signal processor 12 iIquA&qugo&y‘FlG. 83
- calculates the area determ nation and the mxture ratio 2on parallel. -

"El ements identical to those described with reference to the block diagram
~,illustrated in FIG 4 are designated with the sanme reference nunerals, and
. the discussion thereof is omtted here. The input inmage is fed to each of
. a mixture ratio calculator. 1101, a foreground and background separator
1102, an area determ ner 103, "amd MM obj ect extractor 101. In response -to
——the -i-nput--iage,—themxtureratio——calculator-1101.calcul-ates,—f-or—each—-—
- pixel of the input inage, an estimated mixture ratio that is based on the

assunption ghat @3pixeh babbg Wik lh:ﬁma-iciq\(l%relﬁ‘aést?ﬁ%%m}%]r area and an

.estimated m xture ratio that -is based on th tion that a .pixel falls

Wi t hi nf@Rct6RVES £ gRASKIHAUBE 2h8as 1§hA 1Mo dait 110 cadeul ator 1101
then supplies the foreground and background separator 1102 with the
esti nedefust xidrensanbeibhablug.basad gighla FsDEBYdNN 14 hat the pixel
~falls within the covered background area and the-estimted mxture ratio
that sl hesechtord the Rssunpt sequénfigisy 260zuleddshathd hargd xel falls

W thin the uncovered background FIG 84 is a block diagramillustrating

.the\c@mﬂenﬂiﬂanﬁdﬁ e ﬁhétmiﬁtﬂﬁéiﬁatabcuham@ﬁlbi&he'signal
| proceséorrlz illustrated in FIG; 83 calgﬁlatés the area
1deteimination-and the'mixtﬁre_ratio a in parallel.
 Elgments_idéntica1 to thoSe deséribed'with referencé
to the block'diagram-iilustratedfin FIG. 4.aré:desighated
witﬁ the_same'feference-numerals, and the discussion
thereofris ohitted,ﬁere. | |
_Thé inputrimage is;fedlt¢ eaqh of a mixture ratio

calculator‘ilol; a foréground and background separator 1102,

‘an area determiner 103, and ‘an object extractor 101.
_ Iﬂ re5p0nse to the input'imagé, the mixture ratio . .
’éalcﬁlator”1101 calculates, for each pixélVOf the input
_imége; an‘estimaﬁed mixture fafiolthat is based on the
aséumption tﬁaf é'pixél falls within a covered-backgrouhd
- area and anuesfimated mixture ratio that is based on the
'assumptionhthat a-pixei.falls within an uncovered
backgronndlarea.' Ihe mixture rétio calculatorfliol'then
supplies the forégrouhd and‘background Sepagator 1102 with
- the estimatéd mixture ratid that is based on the assumption
thét the pixel falls within‘the covéred‘background area and

the estimated mixture ratio that is based on the assumptidn-



- area. An estimated mixture ratio processor 401 illustrated. -1 FIG 84
“'renai ns unchanged fromthe estimated nixture ratio' prggggﬁgz %Ql
illustrated in FIG 49. An estimated mixture ratio process 8
‘illustrated in FIG 84 remains unchanged fromthe estimated mixture ratio
- .processor 402 illustrated in FIG 49. The estimated mixture ratio- :
processor 401 calculates an estimated mxture ratio for each pixel. through
- the calculation of the nodel of the covered. background area, and outputs-
‘the calculated mxture ratio.. The Esti+mted nmixture ratio processor 402
—cal-culates—an-esti-mat-ed--pi-xtur-e—+ati-o-f-or-each-pixel through-the — .
cal cul ati on of the nodel of the uncovered background area, and outputs the

cal cul ehefl Pha!HESE AkR915 THE ChORCORAIA AL DAE KO qh%g?sﬁ?@gé,gtogagf o

generates oregroun component nage

“the estimatggsmigjuie 5aglgckha&ag§aga§gqu%nﬁ%nngfﬁgﬁgpt|on that ‘the pixel

faIIs wi t-hin the covered backgrodnd area d mxture ratio that

ba&ﬁ?s@fhéf‘foﬁséf'm@ﬁeoﬁlklﬂﬁtret Eat&bxelalfcdj] ¢y Lhe uncovered

background area, and the area Information supp fron11he area

det er ni ner n{o?esenﬂaﬁaao&ﬁlkb@rgefsﬁaaegrfa%s%quqdn 3 A Hesbzﬁt at?ap5. 165

conponent image to the notion blur adjuster 106 and the ector 107.
'in FIG. 84 remains unchanged from the estlmated mlxture '

ratlo:prOcessor 401 illustrated in FIG. 49. An estimated
mlkture ratio.processor-ddZ illustrated in FIG. 84 remalns
unchanged from the estlmated mlxture ratio processor 402
;llustrated in FIG. 49. | |
| i The estlmated mixture ratlo processor 401 calculates
an estlmated mlxture ratio for each pixel through the
: calculatlon of the model of thercoveredrbackground area,
and outputs‘the‘calculated mixture.ratio[ |
The estimated'mixture ratio processor,402‘calculates
an‘estimated mixture ratio for.each pixel through'the
calculatlon of the model of the uncovered background area,
and outputs the calculated mlxture ratio. |
The foreground and background separator 1102 generates
'the foreground component 1mage from the 1nput image, based
'on-the estimated mlxture ratlo that is based on the
assumptlon that the plxel falls within the covered
background area,_the-estlmated-mlxture ratlo that 1s‘hased
on the assumptionrthat the pikel.falls within the uncovered
| backgroundrarea,rand the area information supnlied from the

| -area determiner 103, and feeds the generated foreground




..FIG 85 is a block diagramillustrating the foreground and background
:—sepa{ator 1102. Elenents identical to those.described r@AG qgggégon'mﬁth
. .. the foreground and background separator 105 illustrated 1h FIG 60 are -
- - ‘designated with the same’ reference nunerals and the discussion thereof.is
- omtted here. Based on the area information supplied fromthe area
determiner- 103, a selector 1121 selects between the estimated mixture .
‘ratio-that is based on the assunption that the pixel falls..within the
covered background. area,. and thet&stimted mxture ratio that is based
- —oeh-the——assufpti-on—that—-the-—pixel-fak-s-wthi-n- the uncovered---background. -
area, supplied fromthe m xture.ratio calculator .1101. The selector. 1121
- suppl i @smpdEe SEPRRALET tE0EnW WBtiba $ELEC ket et drmalRd JHX & ratio as a
m xture ratio a. Thé separator 601 extracts the foreground conponent and
the baskpseise copponent fromthe pixel value of the pixel falling within
the mi xed area based.on-the mixture ratio a . supplied fromthe sel ector
/1121 and thereu egs iHfHriFRsERNdiagdamURR 8% raftengy thlee Fodigredha th the
froreground conponent -and supplies the synthesizer 605 wth the background
‘conporand .ba-pghisid 2085a#&6or Theogepar at or 601 has the sane construction .
as the one- illustrated in FIG -65. : - ‘ -
S Elements identical to those described in connection

with'the-fqregrdund'and background separator 105
- illustrated in FIG. 60 are designated with the same
- reference numerals and the discussion thereof is omitted

 here.

Based on the area information supplied from the area '

determiner-IOB, a selector 1121 selects between the

' estimated mixture ratio that is based on the assumption

that the'pixel'fallsuwithin the covered background area,.

and'the estimated mixture ratio that is based on the
‘assumption'that.the pixel falls within the.uncovered
"-background area, suppliéd‘ffom tﬁe-mixture,ratio calculator
-1101. The selector 1121 supplies the separator 601 with
ﬁhe seleqted-estiﬁated miiture‘ratio as a mixture ratio «.
‘ l‘The Separatof 601 extracts the foreground épmponent
and the background component from the-pixel value of the
pixel falling within the mixed area baséd_oﬂ'the mixture
A ratio'a_éupp;ied-from the selector 1;21 and the aréa -
information, and éuépliesjthé syﬁthesizer 603 with the
foreground cpmpohent'and-subplies.the synthesizer'665 with

the background component.




. The ‘synt hesi zer 603 synthesizes and outputs the., foreground conponent
-~ image. The synthesizer 605 synthesizes and outputs theé?igégﬁgﬂ ‘conponent
.. itmage. The notion blur adjuster 106 illustrated in Fl t he sane-
‘construction as the one illustrated in FIG 4. The notion blur adjuster 106
‘adj usts the amount of notion blur contained in the f or eground conponent -
. image supplied fromthe foreground and background separator 1102 based on
“the area information and the notion vector, and then out puts the foreground
. component image with the lnotlon-véUﬂbP-adjusted Based on-the sel ection
rrsJ,gnaL -Ln-response.-to the user, -the selector-107 in FILG.-83 selects bet ween..-
t he  f or egr ound conponent |nage supplied fromthe foreground and background

t d bl
Separalof 142 28thl el of 69 AUBILROTHARE EhERGRNY Ll cRLAfD bl

~ thereof adjust upp 1ed ron1the not 1 on

~out put s fhe: sgtegt £ FeEegggund conponent inage. The si gnal processor 12
shown in FIG 83-adjusts the. .anmount of nmoti on blur contained in the

- input. corr esRONEYMEhé PiF b é@ﬁeg{;ﬁuﬂese%gcanaoeh%m%% ighd he input inage,
and.outputs the image. As in the. firs enmbodinment,™ the signal processor
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“ratio a, ichis edded information, and outputs the cal cul ated m xture

_ratlosyntheSLZes and outputs the background component 1mage

The motion blur adjuster 106 1llustrated in FIG. 83

'had‘the same construction as the one illustrated in FIG. 4.

The motion blur adjuster 106 adjusts the amount of'motion

blur contained in thefforeground oomponent image-supplied
from the foreground and background seperator 1102 basedron |
'the area 1nformatlon and the motlon vector, and then =
1ioutputs the foreground component 1mage w1th the motion-
vector adjusted.
Based on the selectionlsignalnin resPonse to the user,
the selector 107 in FIG. 83 selects between the foreground-
 component image supplied from the foreground and background
separator 1162 and the foreground component imege with theg-
_ﬁotion blur thereof adjusted and supplied from the motion
-blur‘adjuSter-loﬁ, and outputs the selected-foreground
'ucomponent image. |
| The signal processor 12 shown in FIG. 83 ad3usts the
_'amount of motion blur contained 1n ‘the 1nput correspondlng
to the foreground object contalned in the input lmage, and
'~outputs the_lmage.- As in the. fitrs embodiment , the srgnal

processor 12 illustrated in FIG. 83 calculates.the mixture



FIG 86is a block diagramillustrating yet another function configuration
-of the. signal processor 12 for synthesizing the‘foregrgﬂpgﬁgagggnent i mage .
ate

W th any. background i mage. The signal -processor 12 illUs in FIG 81
serially calculates the.area determination and the mxture ratio a, while
- the signal processor 12 illustrated in FIG 86 calculates the area

determination and the mixture ratio a in parallel. Functions identical to
‘those described with reference to the block diagramillustrated in FIG

. 83 are designated. with. the sanme Itef erence nunerals,'.and the discussion
——t-hereot--+s--om-t-t-ed-here.-l-n-response-to-the i-nputi-nmage,-the mxture.rati-o..
- calculator 1101 illustrated in FIG 86 calculates, for -each .pixel o.f the

i nput JAROe, o ANyRELh MRE CemBLYLEES i Bifatieh - LAdDBULAL Wi assuption.
| an esti

~that a pixel fall's within a covered backgrouhd area a mat ed

M Xt urey Tt S ddahiixt b Se bASEo08 .t he assunption that. a pixel falls within
an uncovered background area. The m xture ratio calculator 1101 then

suppl i es therdorgpraungd BrscRagkggpandi s et 2h 0L nd19tandod neynt hesi zer
.1201 with the estimated mxture ratio that is based on the assunption that

. the pis@ictfid Scond iduirathencoretrd Haghal oppdcasearand teéae estimted 3
"~ August 2005 - 168 mxture ratio that I's based on the assunption that the.
_ syntpesiZing the foreground component‘image with any
baékgrdund-image. -The signal processor 12 illustrated in

_FIG.VSI‘serially calculates the;areé determinatioﬁ apd the.
'mixture ratio «a, ﬁhile the signal'processox 12lillustratéd
in FIG. 86 calculates the area.determination-and the.

 ‘:mixture ratio o in parallel.
}Euhctions identical tq those described with féference
to the block diagram-illustfated in'?IG, 83 are designated

" with the same reference nuﬁerals,'and the diécussion'
thexebf is'omittedrhére. | |

In. response to-the input image, fhe mixtufé #atio '

_ calcﬁlatqr_liOl illustrated in FIG. 86 calcﬁlates, for each
.pixel of the input image, an estimated mixture ratiQ tﬁat“.
:ié‘based énithe.assﬁmption that a pixel falls within a
covered background area énd an estimated mixture ratio that"-
cis.baéed~on the assumption that a pixel falls within an

~ uncovered background area. The mixﬁuré rétio calculator
1i017then,supplies thé fbreg;oﬁhd‘and backéround separator
1102 and'a-éynthesizér 1201 with the estimated mixture |
- ratio that’is'based:on the aSsﬁmption that'the pixel falls

within the covered background area and the estimated




- pixel falls within the uncovered background area. The foreground and - o
“.background separator 1102, illustrated in FIG 86, genegﬂgﬁﬁﬁgﬁﬁgforeground
- ‘conponent inmage fromthe input inmage, based on the estimated m xture ratio
‘that is based on the assunption that the pixel. falls wthin the: covered
background area, the estimated nixture ratio that is based on-the y
assunption.that the pixel falls .wthin the uncovered background area, and
‘the area information supplied fron1LE§ area determ ner 103, and feeds the
- .generated foreground conponent i nag o the synthesizer 1201. The _
—-synt-hesi zer—1201 synthesi-zes-any-background-i-mage—and-the—f-oregrotnd———- -
- conmponent inmage supplied fromthe foreground and background separator 1102,
. based mixtheeeshicimt ethani Xisubaset ion tited dssimsedonnthhe aheunption that
‘the pixel falls within the covered background area;. the estimated mixture
‘ratio phaeli§abésedi¢himh¢h&ssnmmnuanedtﬂankgrmumdxaieataJIs’mﬁthin t he
uncover ed background area, the two estimated m xture ratios supplied from
‘the ni xtureThat Foregkound: and]l batkgnenche epasmton ot h@&2ion supplied from
the area determ ner 103. The 'synthesizer 1201 outputs an inmage :
synt hesl¥eatrakesh ineFB&ok§founeneradesartde Horegeempdndonpapentnt |nage
~*FIG 87 illustrates the construction of the 3 August 2005 - 169 .
~synthe¥ngef iren. tEPeH‘EEP§ |ld‘éﬁﬁrcz§?|ast961 (Hosdelexttimpted mixture

. ratio that is based on the assumptlon that the plxel falls."
within the‘covered background area, the estlmated mixture

. ratio thatoisvbased on‘the_assumption that'the pixel falls
jWithintthe uncovered background'areaf and the area
information supplied from the'area detérminer 103o and-.'
feeds the generated foreground component 1mage to the
syntheSLZer 1201.

The synthe51zer 1201-synthesizes anf baokgrOund image

gand the foreground component 1mage supplled from the

: foreground and background separator 1102 based on the

'estlmated mlxture ratio that is based on the assumptlon

'_that the pixel falls w1th1n the covered background area,.
the estlmated mixture ratio that is based on the assumptlon

- that the pixel. falls within the uncovered background area,

the two eetimated mixture ratios supplied from the‘mixture
ratio calculator 1101, and the area information supplied

- from the area determinerr103. Thelsynthesizer 1201 outputs
.an,image'syntheSized‘fron the background image and the-
foreground component‘image.

FIG. 87 illustrates the construction of the




wth reference to the block diagramillustrated in FIG 82 are desi gnat ed.
with the sane reference nunerals, and the discussion t@gﬁ P@50n1tted .
here. Based on the area i nf or mat i on supplied fromthe area ermner- 103,
‘a sel ector 1221 selects between the estimated m xture ratlo,that i s based
on the assunption that .the pixel falls within the covered background area,.
and the estimated mxture ratio that is based on the assunption that the
pixel falls within.the uncovered background area, supplied fromthe =~
mxture ratio calculator .1101. Thk6%etector 1121 supplies the background
----———cerrpenen{— --generat-or-1021-wi-t-h.t-he-sel-ect-ed -esti-mated--m-xt-ur-e-ratio-as—a '
‘mxture ratio a. The background conponent generator 1021. illustrated. in

FIG 8fygenesates 2208CKIRAWARENTAMRRGAL JPAS stk Wedbpipedl Xt ure ratio

a supplied fromthe selector 1221 and any background i mage, and then feeds

‘the bagkgh OHEfle £6ABENEBL thieMBABCHO dtlfa%ﬁan%eCinfe@@rdﬁ@cgelﬁyﬁ@esszer 1022;
The ni xed area inmage synthesizer 1022711 lustrated in FIG 87, generates .a

ni xed @readsyhyhesbdeditABgaeb ansy HeFeSietideg ﬂﬁemgrmdtﬁanponent
i mage supplied fromthe background conponent generator . 1021 and a

-foregrcbmmhssmmonnei:eoﬁage oaidtlehefreeds the generated ni xed area o
- ~synt hesi zed i mage to the inmage synthesizer 1023. 3 August 2005 - 17 0 - In.
: response1x£&3&ﬂemmatheforantmnﬁormhelonagapplled from the area
ffdetermlner 103 a'selector 1221 selects between the |
 estimated mixture ratio that is based on the'assumntion‘
that the niXel falls within the conered background_area,'
: and the estimated mixture ratio that -is based on the
assumption that the pixel'faIIS'within the'nnconered'
_background area, supplied from the mixture ratio calculator
-1101; The selector 1121 supplles the background component
:denerator 1021 with. the selected estimated mixture ratio as
o a mixture ratio a.
| The background component generator'lozl,iiiustrated,in
FIG. 87 generatesla_background component'image based on the
;mixtore.ratio,a supplied from the selector 1221 and‘any -
background'image, and then feeds-the background componenti
 image to the mixed area image synthe51zer 1022.
The mlxed area lmage synthesrzer 1022 lllustrated in
AjFIG. 87 generates a mixed area synthe51zed image by
synthe5121ng the background component image supplled from
the background component generator 1021 and a foreground

component 1mage, and then feeds the generated mixed area

synthesized image to the image synthesizer 1023.




- synt hesi zer 1023 generates a synt hesi zed |nage by synthes|2|ng t he
: f oreground conponent i mage, the nmixed area syntheS|zeg h &ypplled _
. fromthe mxed -area i nmage synthesizer 1022, and any back ung | mage, . and
. ~then- outputs the synthesized.imge.. The syntheslzer 1201 synthesizes any
- background image fromthe foreground conponent inmage. The m xture ratio a
~is defined as a ratio of the .background conponent ‘in the pixel val ue.
'Alternatlvely, the m xture ratio a., my be a ratio of the foreground
- conponent .in the pixel value. The- idMerent of the obj ect - of ‘t he
Aeeieregteunde+s from left to right, but the di-rection of the- ioregroundumﬂm~w
object is not limted to any particular direction. In the above.

. di scussi on, . an. s Ne@cipal aspacekorhEdi8h t Rige 5 %?_ S|onallspace and

S time.axis in f- lon 1S projected onto a tlné space med of
_two- di SENShONBL o SPFSE ?@Heféﬂgsaé' gh@h@%&%%ﬁoﬁ afﬂ%ya video canera. The

present”.invention is not Timted to this exanple first. information

in a fsyﬁhém&@aw@gfor@&fsuﬂanaaﬁpeﬁsntl 3 mRlg@), e inRd ol e Speand
information in a Second spate having'|ess dinensions, a distortion caused

by thesyidicstion fMygdeseppl e6d efiromeaningfikld afrerarra_&da@t may be
extracted, or a nore natural image-may be synthesized. 3 August 2005 - 171

_ synthesrzer 1022, and any background. 1mage, and then

outputs the synthesrzed ‘image.

The synthesrzer 1201 synthe51zes any background lmage

from the foreground component image.

The mlxture ratlo o 1S deflned as a ratio of the

r;beCkground component in_the pixel veluer':Alterndtively,
.the mixture ratio d'mayhbe a ratio of the foreground
rcomponent ln the pixel value._'
| The movement of the object .of the foreground is fromr
tleft to rlght, but the dlrectlon of the foreground object
;1s not llmlted to any partlcular direction.
In the above dlSCUSSlOn, an 1mage ln actual space
ra formed-of‘three‘dimen51onal space and time ex1S'1nformetion
is projected onto n time space formed of tWo~dimensiona1
space and'tine axis‘information,using-a video camera. The
preSent invention.is‘not limited to this erample, _When
first information in a first space having.more dimensions
is projected into_second infornation in e-second~5pace‘
‘haring'leSS-dimensions, a distortion caused by the
: projection may. be'corrected,'meaningful information may be

extracted, or a more natural image may be synthesized.




- .The sensor 11 is not limted the CCD. The sensor 11 may be any solid-state
B |nage pickup device, such as CMOS (Conpl enentary. Netaj3g§%ﬂ§2 005 -
“Semi conductor), a BBD (Bucket Bridge Device), a CID (Chargé InJection
"Device), or a CPD .(Charge Primng Device). The sensor 11 is not linited to
a. sensor which includes a matrix of detector elenents, and may be a.sensor
sin"which a line of detector elenents is arranged. The storage nedium-
storing a program for performng the signal processing of the present
“invention includes a 'package med? Ul whi ch is distributed to supply the
ssuseLAMkLhmwamssﬁtmepes—progran} ~separ-at-e-from.a- conput-er—as--shown—n-. FEl.G. -
3. The package nedi um.may be a magnetic, di sk 51 (such- as a floppy, disk),

an optical ThekséRsd¢surh 85 AcEDL Rbked( €aBPRED- D FieReG@Y Y1 MenOry), DVD
(Digital Versatile. Disk)), .a nagnetooptical di sk 53 (such as MD

(M ni -idyke ,any sehidosduteoimageDpy chdp B iskqr agenm™d umad so . i ncl udes
"~ 'a ROM 22 or-a hard disk contained in the storage unit 28.  The
- .pr esentCampleTmiemoira iy diedes axpdecsamlconuhctbr)stapsBQEQGMdeK)a.pr09fam
stored-i.n.the storage nedium are sequentially performed in the order

'_descrlﬂieldig@rme‘al%bcesscllh Whhahget Epjeatdcpebkorined ,i mrpar @Hel or
~'separately rather than being sequentially performed. 3 August 2005 - 172
-|ndusﬂﬂhﬂrgqnﬂﬁxmﬁng|ng1ce) The sensor 11 is not 11m1ted to a

sensor whlch includes a matrix of detector elements, and
:1-may be a‘sensorrln‘whlch a llne of detector elements is
| arranged.
The storage'medium storing a program for performing

the signal processing of the present invention includes a

"package medium‘which'is distributed to supply the'uSer with

7 a software program, separate from a computer, as shown 1n
FIG 3. The package med1um.may~be a magnetlc disk 51 (such
as a floppy. disk), an optlcal disk 52 (such as a CD—ROM
',A(Compact DlSk Read- Only Memory), DVD (Dlgltal Versatlle.
":Dlsk)}, a magnetooptlcal disk 53 (such as MD (Mlnl*DlSk));
'a semiconductor memory 54..'The storage;medium also
_includes a ROM 22 or a hard disk contained in therstorage
unit 28. |
The present 1nvent10n lncludes ‘a process 1n which
‘steps descrlblng a program stored.in the storage medlum are
_,sequentlally performed in the order descrlbed, and a
process in which steps are performed in parallel or

separately rather than being seéuentialiy performed.




In accordance with a first. invention, a mxture ratio indicating the nixed
.state of .a plurality of objects is detected. In accorg?ﬂg &tWohh a second
i‘nvention, a mixture ratio indicating the mi xed state 0 plurality of"
objects is detected. 3 August 2005 173 CLAIMS 1.  An inmge processing
. apparatus for processing image dat a contalnlng a predeternm ned nunber of -
. pi eces of pixel data obtained by an i nmage pickup ‘el ement having a
predeternined nunber of pi xel s, each7 i xel -having a tine |ntegrat|onr'
effect, the image processing apparag “conpri si ng: background plxel
extr acr or~“means- for—extracting-pi-xet-—dat-aof —a-frare-—prior-to-—or
subsequent to a target frame, corresponding to a target pixel of the '
targetIﬂﬁ&ﬁérlﬁltﬁ@nhnmybkaty as the background. pixel data of an

obj ect, whi ch serves as a background from among a plurality of objects
of the wragéndapaordﬁaﬂgem:trhame fpined! - ioxteracian, neansxtoreexhtast i.ng

pi xel éa of . the target pixel in the target frame and pi xel data of a.

pi xel FRALABTIREI kheyMdxedns tagrgef @ xelurality hetftabjettér ase, .

relatlg gl Eg ation generator neans for generating a plurallty of
equat| nsE aresenting, in connection. with the = |

In accordance w1th a second 1nventlon, a mlxture ratlo.

1nd1catlng the mlxed state of a plurallty of objects 1s.

detected.




-~ target pixel,-the relationship between the data of'the -target pixel and
" “the pixel in the vicinity of the-target pixel and thedgﬁcﬁ% &&? pi xel
.. data corresponding to the data of the target pixel 6 X in the
cwnicinity of .the target pixel, and 3 August 2005 - 174 mxture ratio
. detector neans for detecting a mixture ratio indicating a mxed state of
~.the. plurality of objects in the real world i'n connection with the target
. pixel based on the relational equatjgns. 2. An inmge processing apparatus
~according to claim1, wherein the relational equation generator neans

generates the p[urallty of equations based on a first approxi mation mhlch

- .regards, as. identical, conponents of an object which serves as.a

~ foreground, .from anong the plural FEHI¥E object's of the inmage data

--contained in the pixel data. of the target pixel and the pixel in the
~vicinity of the target pixel, and based on a second approxinmation which
. assunes thg% 2* variation in the m xture ratlo is linear, with respect to

the positi it Qﬁ??ﬁ?@lﬁgn?RBﬁraFﬁﬁ Lihe P& OCFE PG AMAIE of obj ect s
e ik BorfthA T A BERELRThR B, BECRILRR AL b e
8 .28‘&32?%%%5%%?%%%%&'Wﬁ%@ésérve‘sb"glemfea%Za%%%ﬁ%ds from Sﬁﬂtn'g"?'he
plurabb@ﬂd% rﬂmﬂéﬁnﬁhmber of plXEIS, each pixel having a time :
g;ntegratlon,effect, the 1mage7proce851ng_apparatus
.comprising: o |
L backgreund pixelrektractorgmeans for-extracting pier‘
data of a frame prior te.or subsequent to a target frame;
Vcorrespondlng to a target plxel of the target frame in the
1mage data, as the background pixel data of an ob]ect
-Wthh serves-as a background,.from among a plurallty of
jebjeetStof the'imageldata,. | |
target.frame'pixel'extraetorImeahs for'extractihg
' _pixel data‘of the target pixel in the target frame and
pixel data of a pixel‘ia the vieinity of;the‘target'pixeig
1in the target frame,
| relatlonal equatlon generator means for generatlng a
' .plurallty of equatlons representlng, in connectlon with the
| target plxel, the relatlonshlpsbetween the data of the
" target pixel and the pixel in the vicinity of the‘target
pirel.and the background pixel dataacorreepondingrto the
data of the'targetrpixel.and the .pixel in the vicinity of

the target pixel, and




- of the image data contdined in the pier data of the target pier and the _

- . pixel in the vicinity of the target pixel, and based o Au Wﬁﬁﬁgﬁ? _
.approxi mati on whi ch assunmes that a . 3 August 2005 - on in the
mxture ratio is planar wirith .respect to the position of.plxels W thin a

. mixed area where the plurality of objects is mixed. .-An-image processing

_apparatus according to claim1, wherein the. m xture ratlo det ect or neans
detects the mixture ratio by sol ving,hhe -plurality of relational equations

- through the | east squares nethod. 5. An inmage -processing apparatus

'_aeeordﬁﬁjTTTTﬁ?ﬁﬁtheTeTﬁfrﬁe“ﬁang“ound”bTXeF'exfTaCtor means extracts,

the background pi-xel data, the pixel data in the frame r prior to the

, target fraﬁ%lﬁﬁéﬁetﬁétﬁarééﬁeﬁﬁﬂy meang hHeor Medeecaieg atmirtobe plurality

~of objects is m xed, belongs to a covered background area forned at the

f or var¥Reha éﬁﬁécﬁtanﬁoﬁeQ#éﬁﬁdﬁ&ﬁﬁﬁnoﬁrih¢mpkﬂriiitbn05fOhnecbﬁ t her eof ,

“while the gack round Elxel extractor nmeans extracts, as' the -background

pi xel HatrGheth abiW@F dath FRNNRE triomhew Lty ey teawd et pheel dbgeedfrane

* when the targe n the m xed area where the plurality of objects is
i xed, %ét@ etgtaﬂnﬁnCSHBPE&oﬁéckground area formed at. the backward end

side of the foreground object .in the direction . of nDtlon thereof :

2. An imagedprocessing aoparatus according to claim 1,
‘wherein the relatlonal equatlon generator means generates
. the plurallty of equatlons based on a first approx1matlon
which regards, as- ldentlcal, components of an ob]ect whlch
serves as a foreground from among the plurality of objects
'.Qf the lmage data contained in the leel data of the target
pixel and_the'pinel in the vicinitydof the target‘pixel,
and.based.on a seeond,approximation which assumes tnat a
_variation in the mixture-ratio is linear with'respect to
- the p051tlon of plxels within a mixed area. where the |

:plurallty of ob]ects is mlxed.

3. An‘image processing apparatus‘according to claim 1,
whereln the relational equatlon generator means generates H
" the pluralrty of equatlons based on a flrst approx1mat10n
. Wthh regards, ‘as identical, components of an object which
serves as a foreground from among the plurallty of objects
of the image data contalned in the plxel data of the target
 91xe1 and-the pixel in the v101n1ty of the target ‘pixel,

and based on a Second'approximation-which:assumes that a




6. An i mage processing apparatus according to claim4, - 176 further
~.conprising area information generator neans for generatéag &ﬁ%ﬁos
.i'nformation. |dent|fy|ng, in the inmage data, a foregroun grea
“background area,-and 'a nmixed area containing a covered background area -
‘and an.uncover ed background area, wherein the foreground area is forned of.
- an object, which serves as a foreground, fromampng the plurality of
-objects in the image data, the backgfound. area is formed of an object,
~"whi ch serves as a background, from ahong the plurality of objects in the

“image data, and the. . nixed area is formed of the "covered background. area
and the uncovered background area. 7. An inmage processing. net hod for

_ proces%ﬁhgatmagelndaha nortare mgtdopriedqtlenmmed ttunbespaft piteces of pixel
dat a obtai ned by an image pickup.el ement having a predetern ned ‘nunber of

'Ajplxelsth%ahﬂsptxen pivbhyedst Wwidkhiimt @gmdtdesh agfdfaecthentehetierage processing

met hod conprising: a background pixel extractlng step for extracting ° pixel

- dat a dpleralike pfiebieetsr isumdsgdent to' a target frame', corresponding

to a target pixel of. the target frane in-the i mage data, as backgr ound

pi Xel data of an object, which serves as a background, from anong a

: plurality 4 objects of the ipage data,. a target frane pixel extracting..
step for Ta%?|+Eﬁg%|R%W°%%fan6faPPﬁeaFaﬁgé?cﬁFﬁéPg KQJ%;Q%ﬂgkﬂ frame

'and 3 Au ust
érelnzghe mixture ratlo detector means detects the

mlxture ratlo by solv1ng the plurallty of relatlonal

equatlons through the least squares method.

5. An image éroceesihg apparatus according to claim 1,
where1n the background plxel extractor means extracts, as
the background pixel data, the plxel data in the frame

"prlor to the target frame when the target plxel, in the
imixed.area where‘the plurality of objects is mixed, belongsf
to”a covered background area formed at the forward ehdlside
of a foreground object in the direction of motion thereof;"
.while the background pixel:ertractor means extracts, aslthe
: background pixel data;.the-piXel data in the frame
:.subsequent to the target frame when the target plxel in
: the mrxed area where the plurallty of objects is mixed,
belongs to an uncovered background area formed at the
gbackward end side of the foreground object in the dlrectlon

“of motlon thereof

6.7An image,processing apparatus according'to claim 4,




177 pi'xel data of a pixel in the vicinity of the target pixel in the -

- target franme, -a relational equation generating step'for3gﬁg&ﬁ@bbgg a _
.plurality of equations representing, in connection with t target pixel,
- the relationship between the data of the target pixel and the pixel ' in

- the vicinity of the target pixel and the background pixel data '
corresponding to the data of the target pixel and the pixel -in the
vicinity of the target pixel, and gygixture ratio detecting step for- -
detecting a mxture ratio indicating a mxed state of the plurality of

~objects 1n the real world 1A connection W th the target. piXel based on
the relational equations. 8. An inmage processing nethod. according to claim
7, -whEtether heompr isibgahrequanforngdionagiengrsitey gerratesr” 00
fthe.pluralitg_of equations based on a fi.rst approxi mati on which regards;.
" as i deIRTYRATIng pRppnchnfopnaaopbidentifiyding . dar ke ddnagd ofakpound, from
~anmong the plurality of objects ~of the inage data contained in the pixel ,
 data & IMeeEeYd predr anbackgrprRrdl apgarhand @ migpdfanede target pixel ,
.. and based on a second quéoxination whi ch assunmes that 'a variation in the
m xt urPTHRIBIE i FRYEFIGH t RerEgperrd: 8TeRe APIs A YRCOVEEHSEI s within a

fn1xedﬁgé¥%fggﬂéaéggz,F%ﬁggéigytgé-%g%gggguh g}égd153f§¥%§§<£905 -'17'8 -7

-an object, which serves as a foreground, from émong the
plurality-of objects in the image data, the béékgroﬁnd_areé
is'forﬁed of an object, which serves as a béckground; f:dm':
-among  the pluralit& of objects in the imageldata, énd‘#he‘.
" mixed area isrformed-éf the covered-baékéroundjaréa and the

uncovered background area.

7. An.image progessing,method’for procésqing image
Qata containing a'predetermined number of pieces of pixel
" data obtained'by an-image pickup element haviﬁg a |
_predete;mined humber of pixels, each'pixel-having_a.time'
integration effect, the image processing"methéd compriéing:
a background pixel extracting step for extracting
pixel data of a frame'priér.to or.Subsequent to a térget
fréme; corkeépcndinj tora target piiél‘of.the target fréme‘
.L in'the image déta, as ‘background pixel data,of én'object,
-which sefves as a background, from among a piurality 6f
6bjects of the‘image data, - | B
| a target frame Qixel extracfing.step.fbr extraéting.

pixel data of the target pixel in the target frame and




9. An-inagé pfocéssing-néfhdd'accbrding to ctaim7, :mherein the-rélational
“equation generating step generates - the plurality of qugbé&ﬂéoggsed'on a
.first approxi mation which regards, as identical, conponents of an object

'  which serves as a foreground, fromanong the plurality of objects of the
~image data contained in the pixel data of. the target pixel and.-the pixel

inthe vicinity of the target pixel,. and-based on a second approxi nation
whi ch assunmes that a. variationim{fpe. mxture ratio is planar- with -
respect to the position of pixels within-a mxed area where the plurality

of ~objects i s mXed. 10, - An~iTage processing method according to crarm7,

. wherein %Ee m xture rati o_detecting step detects the mxture ratio by
sol vi iyt XSk iR aPft9 Bixed| An she Vicdpidy of the ctapgehepizadt squares
met hod. .11. An inmge processing nethod according to claim wherein the
backgﬁﬁhn %i9%¢9%§t#5§T?ng step extracts, as the background pixel data,
the pixel data . in the frane ..prior to the target frame when the target

pi xel, in. % HEafiana r%%?ﬂﬁé?g PREEHAGARD fFedr o8] aaanerat M%ed, bel ongs |
~to a &ﬁxgggpwﬁgqggngund ar ea fornéd-a%.the f.orward end, side of a foreground
obj ect?iH 3% F e 5O RF HBPF GRCPREPEst 103 CARRGt b gvith 7he whi e t he

. back i xt.ract j t xtracts, he background pi xel data,
the pioeao bt ef HRF L EEa 2 Re Btk Pty opRo thiar LA e fhon ¢ he ¢ ar get

- pixel taryet pixel and the pixel in-the vicinity of the target
pixel and the badkgroﬁnd piXél déﬁa cofreséoﬁdiné to:thé
daté-bf the target pixel énd"thé pixel_iﬁ'the'vi¢inity of

" the targetrpixel;_and - | o

o _almixturé rétio detectiné stép fﬁr defecting a mixture
ratiq indicating a mixed étafe‘of the plﬁralify of objects
in the real world in connection with tﬁe'targét pikél.baéed

on the relational equations.

- 8. An‘iﬁage ptoceséing method.acéording fo cléim 7,

IWhefein the relational equatioh généfating.Step generatesf‘
';the‘plﬁ;aiity of equations based on a firsﬁ'apprcximation
_'which‘regards, as identical;:qomponents of an object which
serves.as a‘foréground,rfrom‘ambng.the plﬁrality of objects
'of the'image datd contaihed in thé éixél‘data of the target
-pixel and the pixel in.the vicinitfrof the,target pixél;

and_bésed on a second'approximatioh which-aSSumes that a
" variation in the mixture‘ratio_iS'iinear With'resgect to
the position of pixels within a mixed'area.where-the ,

,pluraiity of objects is mixed.




- the.,nmixed area where the plurality of objects is nmixed, belongs to an
‘uncover ed background area forned at the backward end s
saforeground object in the direction of notion thereof. igﬁg%§258§
processi ng nmet hod according to clarnrll further conprising an area
~information generatrng step for generating area, information identifying, "
~in the image data, a foreground area, a background area, and a mxed area
~.containing .a covered background areggand an uncovered ' background ar ea,
wherein the foreground area is formed of an object, Which serves as.a

foreground, from anmong the plurality of objects in the Thage data, the _
background area is formed of an object, which serves as a background, from
~anong the plurality of objects in the inmage data, and the mixed area.is
~formed of t@e %évered‘background area and the' uncovered background ar ea.

' 13. A storage TRdMUATPoPTEFEFPHE Ja MEHA tCTURRimT et s8ta i &/ pr ogram f or
prooce ent ai,ni-n redeternlned nunber- of pieces of pixel
dat a 3%&%?%%§H€§ ﬁeiﬁ gas &I8ﬁ®6%€FP %Eﬂ PP edRRRFAI-AED nunber of

3 Aug pi.%x€e avi n ne integration effect, the

|nageq%%% essr%ggt o%?anﬁ%%ﬁ%%. ép rﬁﬁﬁﬁoégﬁrbt?Png step for
~extra f pr| r tq or, sub uent get '
-fr angm]g%r %Le on hga%)olae{lgriggtl pi g)gﬁ o]feqtﬁ;e Yar Orlﬂ%% “?hl(%

serves as a foreground from among the plurality of ObjeCtS
" of the 1mage data contalned 1n the plxel data of the target
:plxel and the plxel in the vicinity of the target plxel
and based on a second approx1matlon Whlch assumes that a
varlatlon 1n the mlxture ratlo is planar w1th respect to
the p051t10n of plxels w1th1n a mixed area where' the |

.~_plurallty of objects,ls,mlxed,.

_10 An 1mage processrng method accordlng to clalm 7
. .wherein the mlxture ratio detectlng step detects’ the
mlxture ratlo by solv1ng the plurality of relatlonal

:equatlons through the least squares method.

11. An 1mage proces51ng method accordlng to clalm 7,
whereln the background plxel extractlng step extracts, as'
_the background pixel data, the plxel data in the frame
prior to the target frame when the target- pixel, in the -
mlxed area where the plurallty of ObjectS‘lS m;xed,lbelongs
-kto a covered background area formed at the forward_end side

of a foreground object in the direction of motion thereof,




. frame pixel extracting step for extracting: pi xel data

in the ihﬁgé data, as background pixel data of an object, whi ch serves as a
background, fromanong a plurality of objects of theisrmgiﬁF a target .
of sggt)gsr get pixel

in the target frame and pixel data of a pixel, in the vicinity of the

target pixel in the target frame, a relational ‘equaton generating step f or

- generating a plurality of equations" representlng I n connection with the

target pixel, the rel ati onshi p bet wegn data of the target pi xel and the.
- pixel. in: the vicinity of the target pixel and the background pi xel data

corfesponding to the data of the target .- pixel. and the pixel in the

o vicinity, of the target pi.xel, and a mixture ratio.. detecting step for
det'ect"flﬁ’gl% tﬁ%tlaﬁ%k%%w% Phﬁ?éa??‘ﬁgagtﬁﬂnﬂedt@tpateé‘td?a‘t% Aarehety of

l.'_objectet1 i n the real d in _connection.with the target pi xel based on

the rS3GEHR ?ﬁqéata'lﬁheApéﬁﬁﬂaaétﬁe&qnbnﬁuﬁﬁ%ﬂ%@ to claim13

- wh 3. A t 200 181 Lit at hased f t

appr ofRReY ”rtth & amggt“%a tﬁtwﬁspe%ﬁsnt%%‘fmtise v 3 ect which
a.d pl f th i

thaeibn alnedPrﬁ % rﬁ#&%l %t% 8? %ﬁgy 8% % .f?llslﬂf%?@'gixeleinlrﬁge

gt lad % qaca;&ta nggkgﬁssﬂdograas%%%ﬁ%da%pg% dretion- which

B assumes t
' backward end 51de of the foreground object in the dlrectlon

- of motlon thereof.

12. An 1mage processing method accordlng to claim 11,
further comprlslng an area 1nformatlon generatlng step for
generatlng area, 1nformatlon 1dent1fylng,'1n the 1mage data,

f‘ a . foreground aread, a background area, and a leEd area |
Acontalnlng a covered background area and an uncovered
background area, wherein the—foreground area lS formed of
an object Wthh serves as. a foreground from among the
‘plurallty of objects in the image data, the background area =

-:13 formed of an ob]ect which serves as a background from |
among the plurality of objects ln the 1mage data, and the
. mixed area is formed of ‘the covered background area and the:

%uncovered background area.

13. A storage medlum for storlng ‘a computer readable
'software program for proce551ng lmage data contalnlng a
predetermlned number of pleces of plxel data. obtalned by an

image pleup element havrng a predetermlned number of




variation in.the. mixture ratio is'tinear with respect to the position of
pixels within a mxed area where the plurality of objeghggissodxed. 15.. A
'storage. nediumaccording to claim:13, wherein the rel atlonaF equati on :
generating step generates. the plurality of equations based on a first
~approxi mation which regards, . as identical, conponents of an object which

o serves .as a foreground, frontannng t'he pIurallty of objects of the inmage

.- data contained in the pixel data of13@e~target pi xel and the pixel in the
- vicinity of the target plxel and. based on a second approxi mation which
“assunes that-a variation in the ntxture ratio is planar wwth respect to

| th xel s ed area where, t he lurality of objects
i sempgé#éji% Iixagt‘o?éﬁSW h@g g 4ea 3 BheR l%fg er eT-lf‘tg the n{ xture
_ t e the nl t r.e rat o. - 182 b olving the" K
L?u:gfﬁﬁ§ oft’P(g %?gﬁ§|£ ég? ﬁ?“ﬁ%#%ﬁﬁ? the Ieast squngs xet%od 17. A -
. .st e ne I mher : ound i xel
- Zx?;22t|ngqi?ggﬁggﬁéé@gpiggit%kgké &ﬁmé? q#ﬁQprel data in

- the f oy Prddka toF 4 herAe OBk 1bEATR W%e@uta@%qtg o a{gtaargc% the m xed

area .where the plurality of“objects IS mXxe ered

P ne Gt R S g (68 RARGRL BRI O LSS 201 T "
. step emiﬁﬂn53mmégetdﬁta, as- background plxel data of an object
. which serves as a background from among a plurallty of
1_'ob]ects of ‘the 1mage data, |
a-target frame plxel extracting step for extracting
-_plxel data of the target plxel in the target frame and |
plxel data of a plxel in the v101n1ty of the target plxel
in the target frame, |
| | a relatlonal equation generating step fer generating:a
plurallty of equatlons representlng, in connectlon w1th the
: target pixel, the relatlonshlp between data of the target
plxel and the pixel. in the v101n1ty of the target plxel and
| - the background plxel data correspondlng to the data of the
‘ target plxel and the pixel in the v101n1ty of the target
pixel, and
a mlxture ratlo detectlng step for detectlng a mlxture
r.ratlo indicating a ‘mixed state of the plurallty of objects |

in the real world in connectlon with the target plxel based

" on the relational equatlons.

14. A storage medium accerding.to claim 13, wherein




*an imge. pickup el enent having

background pi xel data,.the.pixel data in the frame subsequent to.the target
-frame when the target pixel, in the mxed area where tthgl r?h% y of :
--objects is mxed,. belongs to an uncovered- background a % d at the
‘backwar d end S|de of the foreground object in the direction of notion
t hereof. 18. A storage nedium according to claim17, further conpr|5|ng
ar ea |nfornat|on generating step for generating area information ,
identifying, in the image data, a fa&reground area, a background area, and
a mxed area containi.ng a covered background area and an uncovered
-~ Packground "area, wherein the foreground area i's formed of ~an object

f 3 A 2005. 183 pl I I
o ChieRE YERaRPafaf CLEALRYAN oAl %kt&aga%&pam‘é ‘ést“efsbr of an EL,ae'ﬁty_
-whi ch b I I R f ob ects in the
 hech BESYERLES Br0RGHACIURG. pRERH ?}F‘%e%ls T RPPEORIA P BUBET ound ar ea
- and { R dingoy esd; BaFKILAYNIcBRABN AT B %‘gg%' kY dgf' C8-fpri sing:

i mage pi ckup- means” for oufpltting, . as |na e da ‘con

. pl urdd 14 Veoke @i 66RE, OFroRl éﬁbngatﬁe gﬁzumgﬁ ob¢ oy e%tf Riggked. up: by

pred ternined nu plxels each
pi xel mygé\gaacéla%taiﬁsaaih%hee{a&ﬁei dRRakgroLRe R )i%lete)ptlrx%cit or neans
for extracting pixel. ,
o and the pixel in the VlClnlty of the target pixel, and
-based on a - second approx1matlon Wthh -assumes that a
"varlatlon in the mlxture ratlo is llnear Wlth respect to

the position of plxels w1th1n a mlxed ‘area where the

-plurallty of objects-ls mixed.

i5. A storage medlum accordlng to clalm 13 wherein
‘the relational eguatlon generatlng step generates the
‘fpluralrty;of equatlons based on a flrst.approxlmatlon which
regards, as identioal -componepts of an object which serves‘
'.._as a foreground from among the plurallty of objects of the
o ‘1mage data contalned in the pixel data of the target plxel
and the plxel 1n the v1crn1ty of the target plxel, and
based on a second approx1mat10n which assumes that a
.varlatlon in the mlxture ratio is planar with respect to
the po51t;on of plxels within a mixed area_where the

Pplurality of objects is mixed.

16. A storage medium according to claim 13, wherein

the mixture ratio detecting step detects the mixture ratio




data of a frame prior.to or subsequent to a target frame, .corresponding to
a tdrget pixel of the target frame in the image ‘data, & baoéa §und pi xel
data of an object,,which serves as a background, from : @ urality of
objects of the image data, target franme pixel. extractor.. neans for
extracting pixel data of . the target pixel in the target frame and pi xel
‘data of -a pixel in the vicinity of.the target pixel in the target frane,
fel ational equation generator nmeansigor-generating a plurality of equations
- - representing, in.connection with the target plxel,,the relationship

-~ between data othhe.target'B August'2005 - 184 pi xel - and-t he pi-xel in the:

Vi cini the target and .t he_bac und i-xel data correspondlng to

“the’ da}%%/l Qc%lx{hrég ‘?‘2\3 iéit Yahd Fﬁ&ag AR [FR5PUAN ( he target
i'xel, u, tor means for detectln a mxture ratio

o R éﬁﬁéf % m%ﬁh? it j ? inthe real world in

|nd|cat|ng a m xe é plurality of objects
connection with.the target pixel based on the relational equations. 20.

AN i mage pi ckup device according to claim19, wherein the.. relational

AR Al hogh e e o
~ which EIRETBRK fHorhd qsfgépuagtraeeghanyeept B R, b Uneobiects
' background pixel data, the plxel data ‘in the frame prlor tol‘
rthe target frame when the target plxel 1n the mlxed area
: where-the plurality of objects'isfmixed, belongs to a |
‘covered background area formed at the’forward end:side of'a--
:,_foreground object iu the direction of motion thereof ‘while_
the background plxel extractlng step extracts,.as the .
a‘background pixel data, the plxel data in the frame -
bsubsequent to the target‘frame when the target-plxel, in
. the mixed area whererthe-plurality ofbobjeots.ie mixed,
'be;ongs to an uncovered background area formed'at the
;baoKWard'end side of the foregroundxobjeot in the direotionl

of motion thereof.

'18. A storage medlum accordlng to clalm 17 further
jcompr151ng area 1nformatlon generatlng step for generating
'irarea 1nformatlon 1dent1fy1ng, in the 1mage data, a
foreground area, a background area, and a mlxed area
oohtaining a covered backgrouud area and an unoovered
' background area, wherein'the foreground area ie formed of

- an object, which serves as a foreground, from among the




~of the image data cantained in the pixel data of the target pixel and the
" pixel in the vicinity of the-target' pixel, and based on %Fse %@8
approxi mati on-whi ch assunes that a vari-ation in: the'nix? u 2. is
“linear with respect to the position of pi xel s mnthln a m xed area where
the plurality of objects is nixed. 21. An inage pickup device according to -
claim 19, - wherein-the relational . equatlon generator. neans generates the
-'pIurallty of equations-based on a-figst_approximation which regards; as
.identical, conponents of an object which 3 August 2005 185 serves as a

'”_foreground frontanong the plurality of.objects of the inmmge 'data

cont ai the dat a , of hﬁe Ltarget pi xel “and the pixel in the -
vi'cinlr!‘se)1 gﬂeﬁFﬁePn & &ﬁﬁﬁf(ﬁﬁ%@Sé%Q@KP%@b@%&Fﬁﬁtﬁeﬁamhlch

assun%%t%gg a.vaﬁlatlo inthe nxture ratio is planar with respect to

1':the posi t1on" 8l sCPIPEHirnWh ﬁpkéfgﬁﬁﬁt%ﬁmﬂe@qq%ﬂr?ﬁﬂ¢alﬁF?mof obj ects
ot ueiond .Z%héﬁn TRRFLPLSKE QBSEEES SROVE Thhdde ate ghatlbrog " het
pluramﬂgéd(%gggé 'f@?& EUQB'OEEVIQI%P the lea:ﬁf% axe cgségagd 237

~An ‘i'mage pi ckup device. accordlng arm

i xel @Rt rg&ﬁaa&té .as the background pi xel data the plxe

data i'n the frane .prior. to the target frame mhen t he target pi xe
‘the " S _ :

319;aAn-image'pickup deViCe‘comﬁrising;
image pickup means for‘outputting, as'image data
contalnlng a. plurallty of pleces of plxel data, an lmage of
'an object plcked up by an lmage plckup element hav1ng a |
predetermlned number of plxels, each plxel hav1ng a tlme
1ntegratlon effect - | - |
background plxel extractor means for extractlng plxel'
data of a frame prior to or subsequent to a target frame,
1_correspondlng to a target plxel of the target frame in the
1mage data, as background plxel data of an object whlch'
serves as a. background, from among a plurallty of cbjects
of. the 1mage data, 77
target frame pixel. extractor means for extractlng
,plxel data of the target plxel in the target frame and
pixel data of a pixel in the v1c1n1ty of the_target pixel
in the'target frame; B | -
| 'relational equation generator means-for generating a
plurallty of equations representlng, in connectlon with the

target pixel, the relatlonshlp between data of the. target




“where the plurality of objects i-s nmixed, belongs' to an uncover ed

f nrxed area mhere t he pIuraIrty of objects is nrxed beIongs to a covered
~ background area forned at the formard end side. of a fo%gg sigﬂogbject i.n

.the direction. of notion thereof, .whi l'e the backgrou xtractor
- ‘means extracts,''as.the background prxel data, the pixel - data in the'frane
" subsequent to the target franme when the target pixel, in-the nixed area"

background area forned at the 3 August 2005 backward end side of the

- foreground, object in the. direction of notion thereof. 24. An inmage prckup
._”devrce ‘according to-¢laim22, further. conprising area information =
. generat.or nmeans for generatrngaarea information identifying, in the inmage

- -dat a, Pigealo; RoVeGAB AV R Ahe Aangeld mixel dyht aining a
‘covere g) round- area-and_anh uncovered -bhackground. area, wherein the

foreg Cqund Rl ofata SBFEEFPO\‘}HFBH $or rbe gatd 1o ddtound, from
anong the | ur alit f objects in th € data.,_ the background area is
f or mod eaﬁ sl dndiiiy, BErshslnsthe FACRELIINIE flomt the .

o pIuraIrgg 6ﬁg€jects in theinmage data and the mxed area is forned of
“the c&V ground area and the uncovered background area. ABSTRACT

In accorda&&%gg hEQ%%J”&E%HHtAFV&Q&ﬁQ”for HE% %gng'a'mixture
ratlo lndlcatlng a mlxed state of the plurallty of . ob]ects
.lp theAreal world 1n connectlon w1th;rhe target plxel-based_

on the relational equations.

20. An 1mage plckup dev10e according to claim 19,

whereln the relatlonal equatlon generator means generates

the plurallty of equatlons based on a first approx1matlon

which regards, as 1dentlca1, components of an object whlch
'serves as a foreground, from among the pluralrty of objects
of the 1mage data contalned 1n'the plxel data of the target
pixel-and rhe pixel in rhefvicinity of the target pixel,
rand based onia'seoond approximation which assumes tharga
i{variation in the mixture ratio is linear with-respect to
‘the position.of‘pixeis within a ﬁiXedrarea_Where the

plurality of objects is mixed.

21. An image pickup device according to claim 19, -
wherein“the relational equation-generator means generates
- the plurallty of equatlons based on a first appr0x1matlon

which regards, as 1dent1ca1, components of an object whlch




" ratio indicating the state of ‘mixture of a pIuraIity of objects such as a
 background. image and. the image of an -object is dete Q% fz val ue
'!setter 502 extracts. background pixel data while also éxt I'ng the date
~of “target pixel.and a pixel in the vicinity of the target pixel. The pixel
‘'val ue setter 502 generates a-plurality.-of relational:-equations indicating

-~ data‘of the target pixel and the pixel in the vicinity of the target pixe
..and -t he background pixel . data. Anggithmetic unit 503 calculates a '
‘mixture ratio indicating a mxed state of the plurality of objects-in-the
“real world with respect to the target pixel . based on the relationa

-equations. The present. invention is applicable to an inmage processing
appar ReKVeHaas agchbonegrovnda fapomf em@ngetlh@t wéetralal’tef ghiélobm*e%t ed by a

sensor. and the real world.
o of . the image data contalned in the plxel data of the target

pixel and the plxel in the v1c1n1ty of the target plxel,
and based on.a second approx1matlon which assumes that a
'varlat;on 1nrthe‘m1xture ratio is planar_wrth respect to
the positionrof‘pixelsfwithin.a mixed-area'where the

._iplurality;of objectsiis mixed.

22. An_image pickup deviceﬂaécording'to claim 19,
wherein the mixture ratio detector means detecte'the_
mixture ratio by solving the plurality of relational

A'Z.equations throughlthe least equares method.

- 23. An image pickup_device.according to claim 19,
wherein the background nixel'extractor means ertracts, as
the background plxel data, the pixel data in the framel
_prlor to the target frame when the target plxel 1n the
rmlxed area where the plurallty of objects is mlxed belongs-
to a covered background area formed at the forward end 51de
of a foreground object ‘in’ the dlrectlon‘of motion thereof,
.while'the baCKground pixel extractor means‘extracte;:as the
'background pirel data, the bixel data in the frame )
Subsequent to the:target frane when the-target pixel, in
the mixed area-where the plurality'of objects-rs mixed,

‘ belongs'to_an uncovered background area formed at the
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: backward end srde of the foreground object in the dlrectlon

A-of motlon thereof

24. An'image pickup.device according.torclaim'22
further comprlslng area 1nformat10n generator means for
generatlng area 1nformatlon ldentlfylng, in the lmage data, -
fa foreground area, a background area, and a mixed area
contalnlng a covered background area and-an‘uncovered
_background area, whereln the foreground area is formed of
an object whlch serves as- a foreground from among the |
plurallty of objects‘ln the image data, the background area
;15 formed of an ob]ect Wthh serves as a background, from
Tamong the plurallty of objects in the image data, and the -
-leEd area is formed of.the covered background area and the

‘uncovered background area.
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ABSTRACT

In accordance with the»present invention, a mixture
ratio indicating the state of mixture of a plurality of
prjects such ‘as a background image and the image of an

objeet is deteeted.' A-pixel value setter 502 extracts

background plXEl data Whlle also extractlng the date of a

-target plxel and a plXEl in the v1c1nlty of the target -

‘plxel. _The plxel value setter 502 generates a plurallty of

relatlonal equatlons indicating  data of the target plxel

and the plxel in the v1c1n1ty of the target plxel and the
_:baekgrqund pixel_data. 'An_arithmetic unit 503 calculates a
mixture ratio indiceting a mixedAstate of‘the'plurelity,df'
_objects.inathe‘reai'wdrld-With'tesPect to the target pixel
“:based on the relational equations. The bresent invention
_is applicable to- an image processing aéparatﬁs‘that |
'_’accountslfor a'differenee between.a signalddetected by a.

" sensor and the real world.




