19 August 2005 1 DESCRI PTION ‘| MAGE PROCESSI NG APPARATUR Aggluvrbedd Fiel d
The present invention relates to inage processing apparatuses, and nore.
particularly, to an inmage processing apparatus in which a difference '
bet ween a signal detected by a sensor and the real world is taken into
consi deration. 10 Background Art A technique for detecting . incidents
occurring in the real world by a sensor and for processing sanpled data
output fromthe inmage sensor is wdely used. For exanple, notion blur
occurs in an-image obtained by 15 CaptOring an object nmoving in front of a
predeterm ned stationary background with a video canera if the noving
.speed is relatively high. Wien an object is noving in front of a
stationary background,. not onlggdorsprodion bl ur caused by the m xture
20 of the noving object itself occur, but also the m xture of the

backgr ourMAGETEROCESS INGe APPARATUSRQE occurs. Hitherto, it has not

consi dered detecting the m xture state of the background imge and the
"novi ng object. 25 Disclosure of Invention 19 August 2005 - 2 Enbodi nents
of the i,on seek to detect a mxture -ratio representing the

esent invenﬁ
nixtureq%¥’ B Elfttrality of objects, such
5 . The present invention relates to image processing
-apparatuses, and more particularly, to an image processing

apparatus in which a difference between a signal detected by

a sensor and the real world is taken into consideration.

16 Background Art
A tedhnique fdr.detecting incidents occurring in the
 real world by a sensor and for processing sampled data
output from the image sensor is widely used.
For example, mption biur occurs in an image obtained by
i5 capturing an object moving in front'of a predetermined
Statioﬁary background with a_vidéo'camera if the moving
. speed is relatively high.
When an objebt is moving in front of a stationary
background,,not oniy‘does'motion blur causéd by the mixture
_20 of the moving object itself occur, but alsoc the mixture of
the background image and the object image occﬁrs. Hitherto,
it has not considered detegting the mixture §tafe of the

" background image and the moving object.

25 Disclosure of Invention




as a background image and a noving object image. Accor digif,dt 8odd I St
aspect. of the invention, there is provided an inage processing apparatus
for perform ng inmage-processing on image data which is fornmed of a

predet erm ned nunber of pixel data obtained by an imagi ng device including
a predeterm ned nunber of pixels and having a tinme integrating function,
and for calculating a mxture ratio indicating a mxture state of the

pi xel data of a plurality of objects Znmthe real world, said image
processi ng I C [Si el - X tLon S -
extracting, ﬁ%%?é%g%% ag%?ljlleorfp %tse{a}%f %?‘geg{rtgﬁﬁd%%%}fe%?, d\gl\%aéc&h gsggl\;{é:gr%s -a
f or egr outsdiof repyelsenialnd ythef mbbijueet state pbfuralpluyabitvricfedbpexs, datha

whi ch are pixel, data,of a predeterm ned nung)er of consecutive frames in
whi ch t 8 I RATPY T GEF WS 2al S A EH)°and™ 8PS0 for extracting, based
on a notion of a background object, which serves as a background of the
plurality of objects, background pi xel daga which., 1s the pixel datda f ormed
of the backgPSTd 8] bRt 2 anidFSkhPERECTe §r E8P oIS 5O he iR ed® pr 581953t a,

t he backgy oungdepi gelccdatdg beppgratent rast egef i Ag f riangediddesentg f eam t he
frames in which the mxed pixel data is present anong the pr,edﬁt er m ned
nunber oMagendatut e frafegned ¢phatd FREICERPMEES) W@%ﬁe‘?%tﬁ’ﬂ‘& mEahe for
generat idigaih&d aby 08! i8XPIRS UM el QhctREngl xed:helagebriidiea andbéheor
background pixel” data corresponding to the predeterm ned nunber of
consecutdiyels fanghdsvhag et toiimet hetesdatdny efinftbien, prxkIfFaralandtting 2
extract gf . packg &*quirmi)&ﬁltiﬁ?? & AReL Al XL TS | ehdepectii ogdeans §or
detecting a single mxture ratio 19 August 2005 - 3 corresponding to the
pr edet emtunetitwnbér dfiecbhsdeut the real world, said image processing

apparatus comprising pixel-data extraction means for extracting,
based on a motion of a foreground object, which serves as  a
 foreground of a plurality of objects, a plurality of mixed pixel data
which are pixel data of a predetermined number of consecutive frames

in which the plurality of objects are mixed, and also for extracting,

based on a motion of a background object, which serves as a

background of the plurality of objects, background pixel data which

'is the pixel data formed of the background object and which
corresponds to the mixed pixel data, the background pixel data being

extracted from a frame different from the frames in which the mixed

pixel data is present among the predetermined number of consecutive
frames; relational-expression generating means for generating
relational expressions for the mixed pixel data and the background
pixel data corresponding to the predetermined number of consecutive
frames based on the extracted mixed pixel data and the extracted
background pixel data; and mixture-ratio detection means for

detecting a single mixture ratio




~frames based on the relational expressions. The pixel -d3ga gudipagsi on. means
may extract the m xed pixel data in accordance with the anbunt of the
nmotion of .5 the foreground object in the franes.. The pixel -data
- extraction neans may extract the background-pixel data in accordance mnth
‘the anmount of the notion of the background object in the franes. The '
rel ati onal - expression generating neans may generate 10. the rel ational
expressions for the m xed pixel data and the background pixel data for
calculating the mxture ratio by a _nmgthod of |east squares. The inmage
processi ng apparatus may further include notion detection nmeans for
detecting the notion of at |least 15 one of the foreground object and the
backgr ound object The i mage proce53|ng appar atus nmay include area

- speci f yiGRFYRERAN ¥99'§ﬁb6mﬁyﬁﬁ§ Lerrddgesdy dAMPEEs 0ft CRESEFULENE ni xed pi xel
data, a ﬁackgr und area consisting of the background pi xel s, and a

foregro AS5TsiO% | Freladipgady PERRGSSILES -data, which is the pixe
“dat di th f d b t. Th

appar at Us magBPUPLREN FRERABEEAEEP A, PORAREARE FoFEaparet | PGRel | east the
f t .f th d dat b th t t 25
The T raddsiodedd A S Selenty bR A PRER LG 2o AlGhebiotEs L 4
ot i on- Rhur QJF tg:}]l?%u%%g%tf 9%’ %ﬁleu%!i:hﬂgst he amount of notion blur -of

the separat objeC
The pixel-data extraction means may extract the

backgrodnd~pixel data in accordance with the amount of the
motion of thé background objeCt'in the frames. |

The relational-expression generating means may generate

10 the relational expressions for the mixed pixel data and the
‘background pixel data for calculating the mixture ratio by a
.ﬁethod of least‘squares. |

'The image processing apparatus may further include

motion detection means for detecting the motion of at_least
15 one of the foreground object and the background objedt;

The image processing apparatus may include area
specifyihg means for specifying a mixed area consisting of
the mixed pixel data, a baékground area consisting of the
-backgrbund‘pixels, and a foreground area consisting of

.20 foregropnd'pixel daba, which is the pixel data corresponding
| to the foreground bbject.
" The image processing apparatus may further include
separation means for separating at least the foreground
object from the mixed pixel data based on thé mixture ratio.

25 The image processing apparatus may further include




The i mage processing apparatus may further include syn ans for
conbi ning the separated foreground object wth a desi ri%gggfgéggoggsed on
the m xture ratio. According to a second aspect of the invention, there is
provi ded an i mage processing nethod for performng inmage- processing on

i mge data which is forned of a predeterm ned nunber of pixel data

obt ai ned by an i nmagi ng device including a predeterm ned nunber of pixels
and having a time integrating funct1'-o41 —and for cal cul ati ng a mxture
rat|0|nd|cat| st ate_of dat a of ap It

obj ect s 19 Hgﬁleg?’éﬁlargjﬁgf%g §4d ?‘c?rlégae urso&re1 sil_‘hneg S comi)_‘rgl s”gh?r

pi xel - dadf thexkepatdter sbepgrfureXbbiaett ng, based on a notion of a
foreground object, which serves as a foreground of a plurality of objects,
a plurality of mxed pixel data which are pixel data of a predeternined
nunber of comsecutimigef I afRSeisBinki Chagdaeaplisr alnidyy  ohrtkyjrect $nalwden xed,
and al so of extracting, based on_a notion of a background ob(]ﬁect whi ch

serves aWTHNESLREROURREST (e PIHBLNPy thet SERpERTS ft?é@l%?ﬁﬁ d°PIS data
whi ch i syitdee aPb¥ 8] rdptod Eef Mkedobnt fige BaGaFEUAS: QD] ect and whi ch
corresponds to the mxegi pi xel data, the background pixel data being
extracted froma frane different fromthe franes in which the m xed pi xel
data i's presgalor&MNOcd Ne N&IBErmMned NYFDehOf i RRISEH] | UBkeanes, a
rel ati onal - expressi on generating step of generating relati onal expressi ons
for the pﬁqvedeéu xéur1 damg%mopltmsméﬁgr BaRdopi xEr  darfceBirgspHATY to
the predgt (%ns MLl e0f, CONGHS oirﬁ Qagfgd@&aﬁﬁ%eaxhuﬁ&éxed

m xed plxci ata andt Re extract e groun pi X data; and a

m Xt ur e-afat icdgét edetan shiepined det e@tll ngmag&aqigldeviicet uisciading a

predetermined number of pixels and having a time integrating

function, and for calculating a mixture ratio indicating a mixture
state of the pixel data of a plurality of ckjects in the real
world, sald image processing method comprising a pixel-data
extraction step of extracting, based on a motion of a foreground
object, which serves as a foreground of a plurality of objects, a
plurality of mixed pixel data which are pixel data of a

predetermined number of consecutive frames in which the plurality

of objects are mixed, and also of extracting, based on a motion of
a background object, which serves as a background of the plurality
of objects, background pixel data which is the pixel data formed
of the background object and which corresponds to the mixed pixel
data, the background pixel data being extracted from a frame
different from the frames in which the mixed pixel data is present
among the predetermined number of consecutive  frames; a
relational-expression generating step of generating relational
expressions for the mixed pixel data and the background pixel
data corresponding to the predetermined number of consecutive
frames based on the extracted mixed pixel data and the extracted
background pixel data; and a mixture-ratio detection step of

- detecting a single mixture ratio




19 August 2005 5 corresponding to the predeterm ned nugyarq el se@ssecutive
frames based on the relational expressions. In the pixel-da?a extraction
step, the m xed pixel data may be extracted in accordance with the amount

of the nmotion 5 of the foreground object in the franes. In the pixel-data
extraction step, the background pixel data may be extracted in accordance
with the anount of the notion of the background object in the franes. In. -
the rel ational -expression generating step, the 10 relational expressions

for the m xed pixel data and the background pixel data for calculating the .
m xture ratio by a -nmethod of |east squares may be generated.. The inage

‘processing nethod may further include a notion detection step of detecting

the notion of at least 1.5 one of the foreground gbject and,the background
b ect. ORISR o £0s Sy PRECRGE AP CRURLRBPE, REI HABSSAURIEE. apocifyi ng

SLop o ARG U R TR SRRk e, mxed el cata &
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o In the pixel-data eXtraétion step, the background pixel
.data'may be extracted in accordance with the amount of the
motibn of the background object in the framés;
In the relational-expression generating step, the
10 relational expressions for the mixed pixel data and the
background pixel data for calculating the mixture ratio by a
method of least squares may be generated.
The image processing method may further include a
motion detection step of detecting fhe motion of at leasf
15 one of the foregrocund object and the background object.
| The image processing method may further include an area
- specifying step of specifying a mixed area'consisting of the
mixed pixel data, a background area consisting of the
background pixels, énd a foreground area consisting of
20 foreground pixel data, which is the pixel data‘corresponding
to the foreground object.
The image processing method may further include a
separation step of separatipg at least the foreground object

from the mixed pixel data based on the mixture. ratio.

25 : The.image processing method may further include a




-6-- nmotion-blur adjusting step of adjusting the armuntL{{)‘{\u I bl ur of
the separated foreground object. The inage processing net hod nay further
include a synthesizing step of conbining the separated foreground object
with a desired object based on the m xture ratio. According to a third
aspect of the invention, there is provided a recording nediumin which a
conput er-readabl e program is recorded, said program being used for
perform ng i mage processing on inmage @ata which is forned of a

predet erm ned nunber. . of .pi xel data ohtajned an i magi ng_devi ce jncl udi ng
B or eaaPbE i e HER 6P sl SardIHabIG e | Toey 2o BP PRt e on.
and f or ogatkksl adgangtad nfodddreuhd@tdgecadi cating a m xture state of the

pi xel data of a plurality of objects in the real world, said program
conprising a pixel-data extraction step of extracting, based on a notion

of a foregrownd ohjggt, WlHeBsseiyeSmedhod foRQIr aunidnel a plaanakity of
obj ects, a gl urality of mxed _pixel data which are pixel data of a
predet eFATRBS HiMBe PP Ok SiTERLLTY &y 8RBRTFHPAVHOCRITAE I DIBASFF t Y1 ¥

obj ect s ;apgs AL dbjedPbAlS0Af tEXfidehi8Urathased on a notion of a
background object, ™ which serves as a background of the plurality of

obj ects, background pixel data which is the pixel data formed of the
packaround preel Yabe bai i oai Facrel Tron'a [rame drTEarant ffom the
frames mowhieh @ heeadsdidigpimesiugata Woiph esenpmpwesig neRdabbe eHee®aH ned
e 5o PRSEAS AT BioR e Bl BIDLESS) QSDRIAL P o
backgr opmdcpixielg dat damage data which is formed of a predetermined number
of pixel data obtained by an imaging device including a
predetermined number of pixels and having a time integrating
function, and for calculating a mixture ratio indicating a mixture
state of the pixel data of a plurality of objects in the real
world, said program comprising a pixel-data extraction step of
.extracting, based on a motion of a foreground object, which serves
as a foreground of a plurality of objects, a plurality of mixed
pixel data which are pixel data of a predetermined number of
consecutive frames in which the plurality of objects are mixed,

and also of extracting, based on a motion of a background object,

which serves as a background of the plurality of objects,

background pixel data which is the pixel data formed of the
background object and which corresponds to the mixed pixel data,
the background pixel data being extracted from a frame different
from the frames in which the mixed pixel data is present among the
predetermined number of consecutive frames; a relational-
expression generating step of generating relational expressions
for the mixed pixel data and the background pixel data
corresponding to the predetermined number of consecutive frames
based on the extracted mixed pixel data and the extracted
background pixel data; and a mixture-ratio detection step of

detecting a single mixture




corresponding , ,to the pr edet er m ned nunber of consecutlyg L%ﬁﬂﬁéo based on
the extracted nlxed pi xel data and the extracted background pixel data;
and a mxture-ratio detection step of detecting a single m xture 19 August
2005 - 7 ratio corresponding to the predeterm ned nunber of consecutive
frames based on the relational expressions. In the pixel-data extraction
step, the m xed pixel data may be extracted in accordance with the anount
of the notion 5 of the foreground object in the franes. In the pixel-data
‘extraction step, the background pixel 7 data nay be extracted in accordance
with the anount of the notion of the background object in the frames. In
the. rel ational - expression generating step, the 10 relational expressions

for the fgf(f(g Abﬁﬁ(ﬁne(fhod Ct%%ﬂ:;%ﬂqle% )ﬁ%!mb%%t af for calcul ati ng

the m xture ra quares nmay bé génerated. The

'prOgr3”16En§éﬁhﬁf¥é"f¥dﬁké“¥3§éﬂ @%Vtﬁﬁgtﬁéiﬂ¥ﬂHH ﬁd%x Eg&bﬁ@ det ecti on

step of detecting the notion of at |east one of oreground obj ect

‘and the backgroypd eﬁlx%qtda{aeemeaeembﬁf sthg, r%ﬁ@rﬂmsansﬂwm §BYa f ur t her
include an area spéecifying step of specifying a mxed area consisting of

the m X%ﬁ'ﬁ@'eﬂ%&%te@i BRC K QI ndel 31 tHO HBleS Wndan®! oFhenBamkargrnd -
pi xel s, and a foreground area 20 consisting of foreground pixel data, which

i's the piXahdadoredr@uns ROISCHY iho thie firamegr.ound obj ect. The program of
t he recording nmedi um may further include ’ :

In the pixel-data extraction step, the background pixel
data may be extracted in accordance with the amount of the
motion of the background objéct in the frames.

In the relational-expression generating step, the

10 relatidnal expressions for the mixed pixel data and the
background pixel data for calculating the mixturé ratio by'a
method of least squares may be generated.

The program of the recording medium may further include
a motion detection step of detecting the motion of at least

15 one of the foreground object and the background object.

The program of the recording medium may further include
an area specifying step of specifying a mixed area
consisting of the mixed pixeL data, a background area
consisting of the background pixéls, and a foreground area

20 consisting of foreground pixel data, which is the pixel data’
corresponding to the foregroundlobject.

The'program of the recording médium may further include
a separation step of separating at least the foreground
object from the mixed pixel data based on thé mixture ratio.

25 The program of the recording medium may further include




a separation step of separating at |east the foregroundsg ﬁé&ﬁboggon1the
m xed pi xel data based on the m xture ratio. 25 The progra

recordi ng medi um may further include 19 August 2005 - 8 a notion-blur
adjusting step of adjusting the anmount of notion blur of the separated
foreground object. The program of the recording nediummay further include
a synthesizing step of conbining the separated foreground object wth a
desired object based on the m xture rdi-o. According to a fourth aspect of
t he |nvent| re_L,s. provi ramf Q al_| t.er,. said
conputer ﬁgrP%r%fﬁbadﬂas ”%¥3g§§5|ng ns?ﬁ% erﬁbF38$#Fg%@n89?§¥é§_r a
pr edet eraii nkd aapdyertedl fpra@touwddt abddt@ai ned by an i magi ng device including
a predeterm ned nunber of pixels and having a tinme integrating function,
and calculating a mxture ratio indicating.a .mxture state of the pixe
data of a pluraki byogfamdbpectise | Feddivlingealeannt | flay t suedeaut tnd vydiexel - dat a
extraction step of extracting based on a notion of a fore rou d ob ect,
“whi ch set¥pgdess thgf8F@%r86n§°@?151%$uF5F|F?péfaBﬁfeg?Eeg%P of

m xed piweh adaéai whi ebjare Hiskal ofatiee afi x@upe egatier.m ned nurrber of
consecutive frames in which the plurality of objects are m xed, and al so
of extracting, based on a notion of a background object, which serves as
a background afcbheiR) urdl htfogi:tﬁbja%tegt backdfeount,pivseh, daharewhisch is
the pixel data fornmed of the background object and which corresponds to

t he nlxéﬁxﬁﬂﬁéﬂ dat &radrembaéRyr cvhPinge| adaf@PWHemg EREFacE@PFYEm a
frame dﬁ:fefr%'b 59 %é@e#é ks O%gnowh'l?rgget e eq ¥RdcRi %8l sdahadl srPresent

anong t he pre rm ned
predetermined number of pixel data obtained by an imaging device

including a predetermined number of pixels and having a time
integrating function, and calculating a mixture ratioc indicating a
mixture state of the pixel data of a plurality of objects in the

real world, to execute a pixel-data extraction step of extracting,

based on a motion of a foreground object, which serves as a
foreground of a plurality of objects, a plurality of mixed pixel
data which are pixel data of a predetermined number of consecutive

frames in which the plurality of objects are mixed, and also of

extracting, based on a motion of a background object, which serves

as a background of the plurality of objects, background pixel data

which is the pixel data formed of the background object and which
corresponds to the mixed pixel data, the background pixel data
being extracted from a frame different from the frames in which
the mixed pixel data is present among the predetermined number of
consecutive frames; a relational-expression generating step of
generating relational expressions for the mixed pixel data and the
background pixel data corresponding to the predetermined number
of consecutive frames based on the extracted mixed pixel data and
the extracted background pixel data; and a mixture-ratio
detection step of detecting a single mixture ratio corresponding

to the predetermined



consecutive franmes; a relational- expr ession gener ating sggg ‘Eg t 208€ner ating
rel-ational expressions for the m xed pixel data and the ag ground pi xel
data corresponding to the predeterm ned nunber - of consecutive franmes based
on the extracted m xed pixel data and the extracted background pixel .data;
and a mxture-ratio detection step of detecting a single mxture ratio
~corresponding to the predeterm ned 19 August 2005 9 nunber of consecutive
frames based on the relational expressions. In the pixel-data extraction
step, the m xed pixel data may be extgacted in accordance with the anount
‘of the notion 5 of the foreground object in the franes. In the pixel-.data
extraction step, the background pixel data may be extracted in accordance
with the ampunt of the notion of the background object. in_the frames. In
the rel RTBHAY -k HFAGBH-genrieiitay Wasssl ThdProret@tdodlal expressi ons
for the mixed pj xel data and the . background pi xel data for calculating the
m xt ure %90 * met hod of Ieast squares may be generated. The program
Lon of “at

Tt PR el LR B L,
B SN 4T A e IS O, S0 BRI T
';)ih)e(eP dg‘%w ﬂHf&%}l%und"‘%‘i!)J%Jto ‘?Qrt‘?l‘éanx%hﬁﬁ consi sting of foreground
. _ In the pixel-data extraction step, the backg;ound pixel
.data may be extracted in accofdance with the amount of .the
‘motion of the background object in the frames.
In therrelational—expression generating step, the
10 relational expressions for the mixed pixel data and the
background pixel data for calculating the mixture ratio by a
- method of least sgquares may be generated.
The program may further include a motion detection step
of detecting the motion of at least one of the foreground
15 object and the background object.- |
The program may further include an area specifying step
- of specifying a mixed area consisting of the mixed pixel
data, a background area consisting of the background pixels,
and a foreground area consisting of foreground pixel data,
20‘ which is the.pixel data corresponding to the foreground
object. |
‘The program may further inolude a separation'steo of
separating at least the foreground object ,f:som the mixed
'pixel data based on the mixture ratio. |

25 The program may further include a motion-blur adjusting




20 which is the pixel data corresponding to the foregrougd, . qhbgss- The
program may further include a separation step of separatingat least the
foreground object fromthe m xed pixel data based on the m xture ratio. 25
The program may further include a ,notion-blur adjusting 19 August 2005
-10-- step of adjusting the anpbunt of notion blur of the separated
foreground object. The program nmay further include a synthesizing step of
conbining the separated foreground obl®et with a desired object based on

the mxture ratio.. According to a.fifth pect _of the inventi-on eis
provi ded "SR OEi r‘?ﬁlﬂ}lﬁ%magp%’ atus’ ngo?r%rrﬁlosﬁl ﬁ%%ﬁ#ﬁgfﬁgthﬁgeasﬁga ao%e%oﬁtglbéﬁr%?%ﬁg a
subj ect opbijeage as i mage data which is forned of a predeterm ned nunber of
pi xel data, the subject image being obtained by perform ng i mage capturing
by an i magi ng devi ce having a predeterm ned nunber of pixels, each having
a tine integmaki peodrafCinhPnfufthiel ittaideext s@atineanz iRARBS e 06f @xidiachd ng,
based on_a notion of a foreground objec¢t, which serves, as_ a f(grg}ground of
e

“a pl ur althey SgParss tiOTRATRIRY (&I ho MR BoRESETRE T SChe PRE at® a

pl ural i tf xefir-drisseds pi xel data which are the pixel data of a predeterm ned
nunber of consecutive frames in which the plurality, of objects are m xed,
and also for extracting, based on a notion of a background object, which

serves as apPackghguid LOfri khe Rburaldst ¥nofiRBhesds, tharkdikoPRe leyein dat a
which is- the pixel "data fornmed of the background object and which

cor r espéRaging carrlaga i edopInigling aimaginge saeRr gfotngupPudindara 58I Ag:
eXtrathgmge as image data which is formed of a predetermined number of pixel
data, the subject image being obtained'by performing image capturing

by an imaging device having a predetermined number of pixels, each

haviﬁg a time integrating function; pixel-data extraction means for
extracting, based on a motion of a foreground object, which serves

as a foreground of a plurality of objects in the real world
contained in the image data, a plurality of mixed pixel data which

are the pixel data of a predetermined number of consecutive frames

in which the plurality of objects are mixed, and also for
extracting, based on a motion of a background object, which serves as

~ a background of the plurality of objects, background pixel data which is

the pixel data formed of the background object and which corresponds

to the mixed pixel data, the background pixel data being extracted

from a frame different from the frames in which the mixed pixel data

is present among the predetermined number of consecutive frames;

relational-expression generating means for




froma frane different fromthe frames in which the megAggefﬁlzoggta is
present anong the predeterm ned nunber of consecutive frane

rel ati onal - expressi on generating neans -for 19 August 2005 -- 11 generati.ng
rel ati onal expressions for the m xed pixel data and the background pi xel
data corresponding to the predeterm ned nunber of consecutive frames based
on the extracted m xed pixel data and the extracted background 5 pi xel
data; and m xture-ratio detection neans for detecting. a single mxture
ratio corresponding to the predetersnmed nunber of consecutive franes
based on the relational expressions. The pixel-data extracti on neans may
extract -the mxed 10 pixel data in accordance with the anmount of the

t f th d o t the f Th - dat t ti
Toans. PRSI ¢ °”c§;s»as§i SRE B tPT theaBesPiaRisel SRtANe amount
f th d the f. 23,15 Th
?elat?ona ;3%%3§§% gen g’ Fﬁgd%3§ﬁ§°ﬁ59588ﬁ8%§§g%3tﬁBere|at?ona|

xpr essanhd Ui R X3l MALBCART e aRackgnauRdop! KRl data for

cal cul ati.ng ob eas Squares e i mgi ng

aApPar at S, TR, {of bhSed fbedde quBe aa20ndeLaethapaeainchoudgt ecting. i he

notion of at Ieast one the or egr-oun ect and t ackground obj ect.

The §nagjiRGi1apRaRat %ar%ixftu&teh%ﬁtwcheéecamﬁ m8RRS! E¥kNde PEEPENG OF
specifying a m xed area consi sting of

'a single mixture rat;q corresponding to the predetermined
numbér of consécutive frames -based on the relational
expressions.
The pixel-data extraction means méy extract the mixed
10 pixel data in accordance with the amount of the motion of

- the foreground object in thé frames.-

| The pixel-data extraction means may extract the
background pixgl data in accordance with the amount of the
motion of the backgréund object in the frames.

15 The relational-expression generating means may generate

the relational expressions for the mixed pixel data and the
background pixel data for calculating the mixture ratio by a
method of least squares.

The imaging apparatus may furtherinclude motion

20 detection means for detecting the motion of at least one of

the foreground object and the background object.

The imaging apparatus may further include area
.specifying_means fér specifying a mixed area consisting of

the mixed pixel data, a background area consisting of the

25 Dbackground pixels, and a foreground area consisting of



the nixed pi xel data, a background area consisting of t A t. §&gr ound
pi xels, and a foreground area consisting of 1 9 August E%Oggés?g

- foreground pixel data, which i's the pixel data corresponding to the

_foreground object. The imagi ng apparatus may further include separation

 neans for separating at |east the foreground object fromthe 5 m xed pixel

data based on the m xture ratio. The inmaging apparatus may further include
notion-blur adjusting nmeans for adjusting the anbunt of notion blur of

t he separated foreground object. The jgmgi ng apparatus may further include
synt hesi zing 10 neans for conbining the separated foreground object with a
‘desired- obj ect based on the mxture ratio. Brief Descrlptlon of the

EXamnngs Fi a bl.ock di a il,lustrati.n e 15 configuration of an
enbodlrmﬂﬁrékr%¥Q§; lpfggﬁgsgﬁﬁhhb i&?u§1§g&oaﬁtﬁ9096rﬁﬁ OpfdBant
inventiqn, k diagramillustrating the signal processing
appar at us. tII':—li‘eg fof Eﬁrlol.']mtrat é’sec‘ttﬁe i mage capturing perforrred by a 20

ls f Di |
e at Dothel thBSRE’ EPpLPECALIARPCFRINGE PhEFGe Seardeiopist M oS
by i MBgGe HAPLAY, @%ﬁ&ﬁ%@%@%ﬁ%p%ﬂ@ @gﬁggrsuga%egeéerg%ﬁw@ﬁea”d 25

an Obj ect corresponding to~a stationar
5 mixed pixel data based on the mixture ratio.

The imaging apparatus may further include motion~blﬁr
adjusting means for adjusting the amount of motion blur of
the separated foreground object.

The imaging apparatus may fufther include synthesizing

‘100 means for combining the separated foreground object with a

desired object based on the mixture ratio.

Brief Descriptidn of the Drawings
Fig. 1 is a block diagram illustrating the
- 15 configuration of an embodiment of a signal procéssing
apparatus accordiﬁg to the present invention.
'Fig. 2 is a block diagram illustrating the signal
processing apparatus.
Fig. 3 illustrates the image capturing performed by a
20 sensor.
Fig. 4 illustrates the arrangement of pixels.
FPig. 5 illustﬁates the operation of a detection device.
Fig. 6A illustrates an image 6btained by image-
capturing an object corresponding to a moving foreground and

- 25 an object corresponding to a stationary background.




19 August 2005 - 13 Fig. 6B illustrates a nodel of an H@Eﬂ ?bggned by

i mage- capturing an object corresponding to a noving foregr and an

obj ect corresponding to a stationary background. Fig. 7 |IIustrates a
- background area, a foreground area, a mxed area, a covered background
- area, and an uncovered background area. Fig. 8 illustrates a nodel

obt ai ned by expanding in the tine direction the pixel values of pixéls
al igned side-by 10 side in an inmage obtai ned by inage-capturing an object
corresponding to a stationary foregr d and an the object corresponding

-to a-stationary background. Fig. 9 ilTustrates a nodel in. which pixel "
~values are expanded in the time direction and the period corresponding 15
-to the shutter tinme is divided. Fig. 10 illustrates ‘a nodel in which pixel

val ues are &igandBdilduskcatpreadmpdeldi ef andimagepebradnedrPEsponding to
the shutter tine is d|V|ded qui 11 illustrates a nodel in which pixel

val ues atRe2IQE oRie |ﬁ9QﬁQQQ§PﬂéH9aﬁ8 £hBO¥éRdod correspondi ng
'to the shutter time is d|V|ded Fig. 12 illustrates an exanple in which

‘pi xel s |1|"’P%?9’?§’r‘€{j]r GBed 2z 8@3%%%%@ﬁ&dép8atoaﬁds§aﬁl§?€& ¥rea are

- .extracted. 25 th 13 illustrates the rel ati onshi ps between pixels 19
'August : ' :

-5 Fig. 7 illustrates a background area, a foreground area,
a mixed area, a covered background area, and an uncovered

background area.
Fig. 8 illustrates a model obtained by expanding in fhe
time direction the pixel values of pixels aligned side—by~
160 side ih'an image obtained by image—éapturing an object
corresponding to a stationarf foreground and an the object
corresponding to a stationary baquréﬁnd.
Fig. 9 illustrates a model in which pixel values are
expanded in the time direction and the period correspbnding
15 to the shutter time is divided.
Fig. lo_illustrates a model in which pixel values are
expanded in the time directipn and thé period corresponding
- to the shutter time is divided.
Fig. 11 illustrates a model in which pixel values are
20 expanded in the time direction and the.period corresponding
to the shutfer time is divided.
" Fig. 12-illustrates an example in which pixels in a
foreground area, a background area, and a mixed area are-

extracted.

25 Fig. 13 illustrates the relationships between pixels




“and a nDdeI-obtainéd by expandi ng the pixel values in t?@Au%#%Q g rection.
n eg

. Fig. 14 illustrates a nodel in. which pixel values are exp In the
time direction and the period corresponding 5, to the shutter tine is .
divided. Fig. 15 illustrates a ' nodel in which pixel values are expanded in

~the time direction and the period corresponding to the shutter tine is

. divided. Fig. 16 illustrates a nodel in which pixel values are 10 expanded
inthe tine direction and the period corresponding to the shutter tine is

. divided. Fig. 17 illustrates a nodel {f which pixel values are expanded in-
the time direction and the period corresponding to the shutter tine is
divided. 15 Fig. 18 illustrates a nodel in which pixel values are expanded

in the tj di rection and t eri od correspondin to.the shutter tine is
Cdi vi ded.aﬁga. "ﬁicqls_ Og’trﬁ}ld\ﬁéﬂg’ryf Hnanding: {the DS yed¥esnd s &0e adj usting
t he amoynt of_ .nmotiqn blur. 20 Fig.- 20 is a block diagramillustrating an
exanpleq5¥“etQﬁ¥%ﬁ£ﬁqnguration of an area specifying unit 103. Fig. 21

il lustrat i . _ohj ect adj ng.to.af d i
movi ng. Fi g. F39-1 ThudtiarsE ot ofk ki RApT Rob ¥6t LERLUPS 958 expanded

'tg :Eg tséh;{ﬁ“atngreﬁafﬁ%%Iﬁ’lgag:i\r/.{eggi&&%ft‘i‘aﬂ R4’ $RR0RAL Y41 20 01EYB5A3008 - 10
' 5. to the shutter time is divided.

Fig. 15 illustrates a model in which pixel values are
expanded in the time diréction and the'period corresponding
to the shutfer time is divided. |
| Fig. 16 illustrates a model in which pixel values are

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

Fig. 17 illustrates a modél'in which pixel values are

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

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

Fig. 19 isla flowchart illustrating the processing for
adjusting the amount of motion blur.

720 - Fig. 20 is a block diagram illustratiﬁg an example of
the configuration of an area specifying unit 103.

Fig. 21_illustrates an image when an object
corresponding to a_foreground is moving.

Fig. 22 illustrates a model in which-piﬁel values are

25 expanded in the time direction and the period corresponding




Fig. 23 illustrates a nodel .in which pixel values are R the tinme
direction and the period corresponding to-the shutter ??ﬁggggggpgided. 5
Fig. 24 illustrates a nodel in which pixel values are expanded in the tine
.direction and the period corresponding .to the shutter tine is divided.

Fig. 25 illustrates the conditions for determning the area. 10 Fig. 26A
illustrates an exanple of the result obtained by specifying the area by the
area specifying unit 103. Fig. 26B illustrates an exanple of the result
obtained by specifying the area by_t area specifying unit 103. Fig. 26C
il lustrates an exanple of the result obtained 15 by specifying the area by
the area specifying unit 103. Fig. 26D illustrates an exanple of the
resul t obtained by specifying the area by the area specifying unit 103.

Fig. 27 9140 rshwstem dampise ¥videe-resul t obtained by specifying the

area by the area specifying unit 103. 20 Fig. 28 is a_flowchart :
i1lustrating¥ife 2redldPetrayrfigd Proedsirnghiehgpizel| values orke di agra

illustratin exanpl e .of not her. confi gurati on of the area specifying
uni ¢ 108 XPF AR 38 e, drime ddzgCTial Ang Hiec RepIRG COSFREBORAENSS

expandeq It tiIn.0 G L9 g0 lie per! od cor esponding 19 August 2005
background iF§8€'24 illustrates a model in which.pixél values are |
.'expanded in the time diréction and the periqd corresponding
fo the shutter time.is divided. |
Fig. 25 illustrateé the conditions for determining the
area.
o - . Fig..ZGA illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 26B illustrates an'example of the result obtained
- by specifying the area by the area specifying unit 103.
_ Fig. 26C illustrates an example of the result obtained
15 by-specifying the area by the area specifying unit 103.
Fig. 26D illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 27 illustrates an example of the regﬁlt obtained
by specifying the area by the area specifying unit 103.
‘20 Pig. 28 is a flowchart illustrating the area.specifying
proéessing.
Fig} 29 is a block diagram illustrating an example of
another configuration of the area specifying unit 103.
Fig. 30 illustrates a model in which piiel values are

| 25. expanded in the time direction and the. period corresponding




Fig. 32 is a block diagramillustrating the configuratigﬁi st 3005
bi nary-object-image extracting portion 5 302. Fig. 33A°I Foist Fates the

calculation of a correlation value. Fig. 33B illustrates the calculation
of a correlation value. 10 Fig. 34A illustrates.-the calculation of a
correlation value. Fig. 34Billustrates the calculation of a correlation
value. Fig. 35 illustrates an exanple.of the binary object 15 inmage. Fig.
~ 36 irs a block diagramillustrating the -configuration of a time change
~ detector 303. Fig. 37 illustrates detegnmnati ons made by an area '

determining portion 342. 20 Fig.. 38 illustrates an exanpl e of
determ nations nmade by the tinme change detector. 303. Fig. 39 is a

flowchart iJlustrating . the area s ifying processing perforned by the
ar ea spe%?ff}?%gsq}ﬁftte]gd?m%ilg? addty%l%gega flowchart illustrating details of

h ' 2 ifyi, i . 20 - - FLq. i
P 2 P 9, 00E8S 0. S HAVSE 2008kl oot 1 @
speci fying ugisly 183 56 @ v33ckS aaBkafk 194 Ak ARk hbUshEat i ng the

.--configuration of a binary-object-image extracting portion

5 .302.
| 7 Fig. 33A illustrates fhe calculation of a correlation
value.
| Fig. 33B illuétrates the calculation of a correlation
value.
10 ' Fig. 34A illustrates the calculation of a correlation
- value.
Fig. 34B illustrates the calculation of a correlation
value.

Fig. 35 illustrates an example of the binary object
15 -image..
Fig. 36 is a block diagram illustrating the
configuration‘of a time change detector 303.
- Fig. 37 illustrates determinations made by an érea

determining portion 342.
20 _ Fig. 38 illustrates an.example of detérminatiéns made
by the time change detector 303.
~Fig. 39 is a flowchart illustrating the area specifying
pfbcessing.performed by the area specifying unit 103.

Fig. 40 is a flowchart illuStrating details of the area

25 speciinng processing.




configuration of a robust-processing portion 361. 5 Fig I rates
noti on conpensation perfornmed by a .notion corrpensator1%'§§gdsltlb%6§ 44
illustrates-notion conpensation perforned by the notion conpensator 381.

"Fig. 45 is a flowhart illustrating the area specifying 10 processing.

Fig. 46 is a flowhart illustrating details of the robust processing. Fig.
47 is a block diagramillustrating the configuration of a mxture-ratio
calculator 104. 15 Fig. 48 illustrates an exanple of the ideal mxture _
ratio a. Fig. 49 illustrates a nodel {f which pixel values are expanded in
the tine direction and the period corresponding to the shutter tine is
divided. 20 Fig. 50 illustrates a nodel in which pixel values are expanded

in the tinme direction and the period corresponding to the shutter tine is

di vi ded. Fi gFig: il dst pabdeckhdigsirant idhustrptkaysstifkl gangbher | ystrat es

the selection of pixels. 25 Fig. 53 is a bl ock dia%ran1illustrating the 19

August 20t igured-icip g Jleatdwst GPesd fydnonindd- A0%3t-ure-rati o processor

~401. Fig. 54 is a _block diagramillustrating the configuration of a

m xture-rati §18al 4@ &foft RIOCkrAdagram; illustrakingnt@Qanpl e of the

esti mat ed rg'xture_ L .

configuration of a robust-processing portion 361.

5 ' Fig. 43 illustrates motion compensation performed by a
motion compensator 381.

Fig. 44 illustrates motion compensation performed by
the motion compensator 381.

Fig. 45 is a flowchart illustrating the area specifying-

10 processing.

Fig. 46 is a flowchart illustrating details of the
robust processing.

Fig. 47 is a block diagram illustrating the
configuration of a mixture-ratio calculator 104.

'15 Fig. 48 illustrates an example of the ideal mixture
ratio «.

Fig. 49 illustrates a model in which pixel wvalues are
expanded in the time direction and the period corresponding
to the shutter time is divided.

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

Fig. 51 illustrates the selection of pixels.

Fig. 52 illustrates the selection of pixels.

25 - Fig. 53 is a block diagram illustrating the




5 ratio. Fig. 56 is a block diagramillustrating anOthe{QAﬁ@Rﬁ? ation of
the mxture-ratio calculator 104. Fig. 57 is a flowhart 1TYustrating the
processing for .calculating the. mxture ratio a. 10 Fig. 58 is a flowchart
ifTlustrating the processing for calculating the m xture-ratio estimation.
Fig. 59 is a block diagramillustrating an exanple of the configuration of

a foreground/ background separator 105. Fig. 60A illustrates an input
“image, a foreground 15 conponent image, and a background conponent i mage.
"Fig. 60Billustrates a nodel of an i t image, a foreground conponent

i mge, and a background conmponent inmege. Fig. 61 illustrates a nodel in

whi ch pixel values are expanded in the tine direction and the period
corresponding 20. to the shutter tine is divided. Fig. 62 illustrates a
nodel i recasiiigugaEthian el wes esrtd madedamdedure -tradibi prodeseori 4A).and t he
period corresponding to the shutter tinme is divided. Fig. 63 illustrates a

nmodel in whi EAgpi Rél igahubdogkediagrampihtiedtiating there direction and the
period correspondi ng 19 August 2005 19 to the shutter tine is divided. Fig.
64 is awnfdieuadgeamat] jaysHxdureg ratiex gapralatort Aé2eonfi gurati on of a
‘separating portion 601. Fig. 65A illustrates an exanple of_ a separated 5
f or egr ound CgﬁﬁenéﬁtiiﬁﬂﬁéFates an example of the estimated mixture
5 ratio. |
Fig. 56 is a block diagram illustrating ancther
configuration of the mixture-ratio calculafor 104.
Fig. 57 is a flowchart illustrating the processing fér
calculating the mixture ratio.a. |
10 Fig. 58 is a flowchart illustrating the processing for
calculating the mixture-ratio estimation.
. Fig. 59 is a block diégram illustrating an example of
the configuration of a foreground/background separator 105.
| Fig. 60A illustrates an input image, a foreground
:15 component image, and a background component image.
Fig. 60B illustrates a model of an input image, a
foreground component image, and a background component image.
Fig. 61 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
‘20 to the shutter time is divided.
Fig. 62 illustrates a mddei in which pizxel values are
expanded in the time directicon and the period corresponding
to the shutter time is divided.

Fig. 63 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding




Fig. 65B.illustrates an exanple of a separated backgr oyggd,, gggggagnt i mge.
Fig. 66 is a flowhart |IIustrat|ng the processing for separating a
foreground and a background. 10 Fig. 67 is a block diagramillustrating an
exanpl e of the configuration of a notion-blur adjusting unit 106. Fig. 68
i-llustrates the unit of processing. Fig. 69 illustrates a nodel i-n which

t he pixel values of a foreground conponent inage are expanded in the tine
15 direction and the period corresponding to the shutter tine is divided.

Fig. 70 illustrates a nodel in which qu_plxel val ues  of a foreground
conmponent .i mage are expanded in the tine direction and the period
corresponding to the shutter time 20 is divided. Fig. 71 illustrates a

nodel in which the pixel values of a foreground conponent inmage are
expandedq rtheheshuttemitdest iisn ddvddele period corresponding to the shutter

time is divided. 25 Fig. 72 illustrates a nodel in which the pixel values
19 August 20889- 54 isf agbierkgibaatamohpbaghrat igeamrexawxpkhided in the
“time, direction and the period corresponding to the shutter time, is
d|V|dedthﬁgfonﬁ}gqqﬁiﬁpPapésaaﬁe€§§ﬁ§F§90905 #PRefOlonfiguration 5 of the
not i on- bl ur adjustlng uni t 106. Flg 74 is a flowhart jllustrating the

. 65A illustrates an example of a separated

processnng f

5 foreground component image.

Fig. 65B illustrates an example of a separated
background component image.

Fig. 66 is a flowchart iliustrating-the processing fbr
separating a foréground and a background.

10 Fig. 67 is a block diagram illustrating an example of
the configuration of a motion-blur adjusting unit 106.

Fig. 68 iliustratés the unit of processing.

Fig. 69 illustrates a model in which the pixel values
of a foreground component imagé are expanded in the time

iS direction and the period corresponding to the shutter time
is divided.

Fig. 70 illustrates a model in whiéh the pixel values
of a foreground'component image are expanded in the time
direction and the period corresponding to the shutter time

20 is divided.
| Fig. 71 illustrates a model in which the pixel values
of a‘foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

25 Fig. 72 iilustratesra model in which the pixel values




adj usting the anpbunt of notion blur contained in a for | &Qgponent
i mge perfornmed by the not! on-blur adjusting unit 106&9é%ﬂg?5. 5'is a
bl ock diagramillustrating an exanple of another configuration of the
notion-blur adjusting unit 106. Fig. 76 illustrates an exanple of a nodel
in which the relationshi ps between pixel values and foreground conponents
are indicated. 15 Fig. 77 illustrates the calculation of foreground
conponents. Fig. 78 illustrates the cal cul ati on of foreground conponents.
Fig. 79 is a flowhart illustrating_t processing for 20 elimnating
notion blur contained in a foreground. Fig. 80 is a bl ock diagram
illustrating another configuration of the function of the signal

processing "apparatus. Fig. 81 illustrates the configuration of a -
‘synt hesi 9%ra Zipregquypmnd corpQipist i2oes arel expgndgd de Ahe ddredi agram
illustrating still another configuration of the function of the signal

pr ocessi hreQpiRRt Atk the Peripd Fornssporddinggtemtiel shutierngimge 5
configuratuﬁg e%wf.nixture-ratio cal culator 1101. Fig. 84 is a block
di agram¥¥ 19 ¥%9ng the configuration of a foreground/ background

separator 110Q2. .
.p %%g. 73 illustrates an example of another configuration

5 of the motion-~bhlur adjustingrunit 106.

Fig. 74 is a flowchart illustrating fhe processing for
adjusting the amount of‘motion blur'containéd.in a
foreground component image performed by the motibh-blur
adjusting unit 106.

iO Fig. 75 is a block diagram illustrating an example of
another configuration of the motion-blur adjusting unit 106.

Fig. 76 illustrates an example of a model in which the
relationships between pixel values and foreground components
are indicated.

15 'Fig. 77 illustrates the calculation of foreground
components.

Fig. 78 illustrates the 6alculation of foreground
components.

Fig. 79 is a flowchart jllustrating the proceséing for

20 eliminating motion blur contained in a foreground.
| Fig. 80 is a block diagram illustrating another
configuratioﬂ of the function of the signal processing
apparatus.
Fig. 81 illustrates the configuration of a synthesizer

25 . 1001.




Fig. 85 is a block diagramillustrating still another FP%&¥ a§5on of the.
function of the signal processing 10 apparatus. Fig. 861 rates the
configuration of a synthesizer 1201. Best Mdde for Carrying Qut the
~Invention 15 Fig. | is a block diagramillustrating the configuration of
an enbodi ment of a signal processing apparatus according to the present
invention. A CPU (Central Processing Unit) 21, executes various types of
processi ng according to progranms stored in a ROM 20 (Read Only Menory) 22
or in a storage unit 28. Prograns exeguted by the CPU 21 and data are
stored in a RAM (Random . Access Menory) 23 as required. The CPU 21, the ROM"-
22, and. the RAM 23 are connected to each other by a bus 24. An
|nput/output interface 25 is also connected to the 25 CPU 21 via the bus
24. An i nput Fagi t 8261swhi bhotk dbagramoillgs ajiing 2oobll gipother keyboard,
a nouse, a mcrophone, and so on, and an output wunit 27, which is fornmed
of a di ssindjiguragienker, thadfupcsaon afethenpignad Pﬁo?ﬁﬁs%%%ut/output
“interface 25. The CPU 21 executes various types of processing in response
to a 5 @PPMEREYSnput fromthe input unit 26. The CPU 21 then outputs an
i mage or sound obtained as . a result of the roce55|n to the output unit

27. The stor53§8- uﬁ?tlﬁsaéBh%%Et@%P$€@Trk}iqﬁ) FRRAPEES i nterface 25 is
forW?d conf&%ﬁrgég a Q%&gugés§étlo calculator 1101.

Fig. 84 is a block diégram illustrating the
configuration of a foreground/background_séparator'1102.
Fig. 85 is a block diagram illustrating still anothei
| configuration of the function of the signal processing
10 apparatus.

Fig. 86 illustrates the configuration of a synthesizer

1201.

Best Mode for Carrying QOut the Invention
15 Fig. 1 is a block diagram illustrating the
configuration of an embodiment of a signal processing
apparatus according to the present invention.
A CPU (Cenfral Processing Unit).21_executes various
types of proceésing according to programs stored in a ROM
20 {Read Only Memory)}22 or in a storage unit 28. Programs
‘executed by the CPU 21 and data are stored in a RAM (Random
Access Memory) 23 as required. The CPU 21, the ROM 22, and
- the RAM 23 are connected to each other by a bus 24.
An input/outpﬁt interface 25 is also connected to thé

25 CPU 21 via the bus 24. An input unit 26, which is formed of




10 stores programs executed by the CPU 21 and various t¥§ﬁﬁg&ﬁzoﬁﬁta- A
comuni cation unit 29 communi cates with an external device“via the

I nternet or another network. In this exanple, the communication unit 29.
"serves as an obtaining . unit for- obtaining an output of a sensor. 15

Al ternatively, a program may be obtained via the conmmunication unit 29 and
stored in the storage unit 28. A drive 30 connected to the input/output
interface 25 drives a magnetic disk 51, an optical disc 52, a magneto- .
optical disk 53, a sem conductor nmner 54, or the like, 20 when such a
‘recording nediumis attached to the drive 30, and obtains a programor data
stored in the corresponding nedium The obtained programor data is
transferred to the. storage unit 28 and stored therein.if necessary. By

t aki ng aa neexbeardi fa gnaugewlae nigrgehonagt iand s 9dw apd grvertenta signal
processi ng apparatus which perforns 19 August 2005 - 23 processing, such as
speci fyi Wyl br s idyikm fomed iodam diispavim® GReakBEddandt er ePm or
extracting significant information enbedded therein from data obtained by
a sensoradre |¢Panpciadhddint iampaigiaattped dodeniseesénsor TBE GPBcBlarea 5
-sensor corresponds to the sensor, the area information or the m xture

ratio coPFEHSIHIYAG M WRAT O RRCSSEIMFatiPoreSPRREet R i xture state of
a.foreground d a backgrouynd ar tiaq lur | p a_mix ea corresponds
fo dper sramnd gty 2 the, Jprafognah 49 ustha: CAY fhetBPinal 10

pr OCESSIor{&pa .saraarllt L:5.%11'{:196: or sound obtained as a result of the

processing to the output unit 27.
The storage unit 28 connected to the input/output.
interface 25715 formed of, for example, a hard disk, and
10 stores'programs executed by the CPU 21 and various types of
| data. A communication unit 29 communicates with an externél
device via the Internet or anothef network. In this example,

the communication unit 29 serves as an obtaining unit for

obtaining an output of a sensor.
i5 Alternatively, a program may be obtained via the
communication unit 29 and stored in the‘storage unit 28.
A drive 30 connected to the input/output interface 25
" drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,

20 -when such a recdrding medium is attached to the drive 30,
and obtains a program or data stored‘in the corresponding
.medium. The obtained program or data is transferred to the
storage unit 28 and stored therein if necessary.

By taking a more specific example, a description is now

25 given of a signal processing apparatus which performs -



I't does-not matter whether. the individual functions of 4§Rg,5dt3885
processing apparatus are inplenented by hardware or software. That is, the
“bl ock diagrans of this specification may be hardware bl ock diagrans or
software - 15 functional block diagranms. Mtion blur is a-distortion
contained in an imge corresponding to a noving object caused by the
movenment of an object to be captured in'the real world and the inage-
capturing characteristics of the sensor. 20" In this specification, an
i mage to be captured corresponding t;o an object in the real world is
.referred to as an-imge object. An input inmage supplied to the signal
processing apparatus is supplied to an object extracting unit 101, an 25
area specifying unit 103, a mxture-ratio calculator. 104, 19 August 2005
-- 2 4 PIAFeSFd%grdiRdASaSRECItNA e plr AE6R POBInFhE1ERIBEFARt ract i ng
unit 101 extracts a rough iimage qbject corresponding tg.a foreground
obj ect CoHCH A é%dﬁﬂpﬁgeFﬁ&Be?raﬁH%§GESEPgsS%aﬁlgi??ﬁﬁted i mge
object to a 5 motion detector. 102. The obj.ect e gractf unit 101 detects,
for exargl@ TG ign REIgra; Rber5iEgF paiaUrkagEOEA aEE DER 3PWEA 1 n ¢ he
Fnput i1 so as to extract a.rough.i e__object corresponding.to the -
f or egr oUNd 15 EOPSCHRENS, FEAMPAR r AcErRgTARPL STOTCEATT at SCA PHUBh | mage
10 opj ?%teéx%%&f e3R974d1,0d 550+ 8 'Efl&kgéRHBQ,o h&C 'rggnifﬁwﬁﬁat{'oﬁh& I nput
i mage, and suppliés tthe extracted I'mage’obj ec 0 e :
" the mixture ratio corresponds to the significant information,
and the mixture‘state of a foreground and a background or
mofion blur in a mixed area corresponds to distortion.
Fig. 2 is a block diagram illustrating the signal
10 processing apparatus.
It does not matter whether the individual functions of
the signal processing apparatus are implemented by hardware
or software. That is, the block diagrams of this
specification may be hardware block diagrams or software
15 functional block diagrams.
Motion blur is a distortion contained in an image
corresponding to a mo?ing object caused by the movement of
an object to be captured in the real world and the image-
cépturing characteristics of the sensor.
20 - In this specification, an image to be captured
corresponding to an object in the real world is referred to
as an image object.
An input image supplied to the signal procéésing

apparatus is supplied to an object extracting unit 101, an

25 area specifying unit 103, a mixture-ratio calculator 104,




notion detector 102. The object extracting unit 101 ext gh i mage
obj ect corresponding to the background object from foﬁégkgﬁgﬁg@ythe

di fference between 15 the input image and the ‘extracted i nmage object
corresponding to the foreground object. Alternatively, for exanple, the
object extracting unit 101 may extract the rough inmage object
corresponding to the foreground object and the rough i mage obj ect
corresponding 20 to the background object fromthe difference between the
background inmage stored in a built-injackground menory and the input

| mage. The notion detector 102 cal culates a notion vector of .the roughly
extracted i mage object corresponding to the 25 foreground object according
to a techni que, such-as block 19 August 2005 2 5 - matching, gradient,
phase céKk|atfiagieIreungdbackgrosinge sepagptiPgué0dand supplies the cal cul at ed
nmotion vector and the notion-vector positional information (which is
_information TR8roBpeelf §¥rREACRENG 0N ohd! A XEFRCEHT x@ | o' r¥®HBhding to

‘the notign vector) to the area specifying unit 103, the mxture-ratio
'ca[culafgﬁmfﬁﬁFo A& SRORGEENtE @r TexePaerrfgoPdart ¢eBtaFhedndbli Bevect or

Che” anodibu Mioiereahal 5uP13he Hhe| GREARCLeRolnads HReCh: Fatatne. Mot on
VeCtQ r %Ioti%%c Igleitré%%%roqjoaqt ' 'Itho %tbr_l'j%rctmeg( r'_[aré: i%igX Efllni%osliotli %eq:lects,
for example, an outline of the foreground image object '
contained in the input image so as tp extract é rough imége
object cbrrespdnding to- the foreground bbject. |
The object extracting unit 101 extracts a rough image

.10 _object corresponding to a background object contained in the
input image, and_supplies the extracted image object to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding to the
background cobject from, for example, the difference between

15 the input image and the extracted image object corresponding
to the foregrcound object.
| Alternatively, for example, the'object extracting unit
101 may extract-the'rough image object corresponding to the
foreground object and the rough image object corresponding

20 to the babkground object from the difference between the
background image stored in a built-in background memory and

"~ the input image.
The motion detector 102 calculates a mofion vector of

the roughly extracted image object corresponaing to the

.25 foreground object according to a technique, such as block




information for specifying the pixels of the inmage obje@éA &£ 2bH
notion-blur adjusting unit 106. 15 The anount of novenent 3 és a val ue

indicating a positional change in.an inmage corresponding to a noving
object in units of the pixel pitch. For exanple, if an object inmage
corresponding to a foreground is noving such that it is displayed at a
~position four pixels away froma 20 reference franme when it is positioned
in the subsequent frame, the anmount of novenent v of the object inage
corresponding to the foreground is 4.,Jdhe object extracting unit 101 and
~the notion detector 102 are needed mhen adj usting the anmount of notion -
bl ur 25-corresponding to a noving object. 19 August 2005 26 The area
specifying unit 103 determ nes to which of a foreground area, a background
area, o3t Ghingt frEdliendh Rhass cormedetigput OFnRGd - Eépﬁﬁééveand supplies
information indicating to which area each pixel belongs (hereinafter 5
r ef er r eIy ST FHRHEGS0 PRE F@ltch‘éfaﬁieﬂt BP&Lprat i"@c 03l édfatbf 104,
"the foreground/ background separ.at.or_ 105, B | ur adj usting unit
106, Thﬁ%mr‘f@crtgga PO S RRor gL, 4t &anés foree aBigp; o
correspandi ng tQ i.xel s cq talned g ﬂé éhe ei nafter
et orr oot By ing i b JEHGnE. £ AbBAPOHOLRCCPRBEEPPRAZES FRe mot | on
vect pr qﬂ%b%n’ Si aly .in n u e? rom.the notion
det edt or ﬁlﬁ)‘%ld Ve iy et o rbRGiER el FRak Ere’ P Speci fyi ng
mixture- ratlo calculator 104, and a motion-blur extracting
unit 106,'
The mofion'vector output from the motion detector 102
contains information corresponding to the amount of movement-
10 w.
The motion detector 102 may output the motion vector of
each image object, together with the pixel positional
information for specifying the pixels of the image object,
to the motion-~blur adjusting unit 106,
- 15 The amount of movement v is a value indicating a
positional change in an image corresponding to a moving
. object in units of the pixel pitch. For example, if an
object image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a
20 referehce frame when it is positioned in the subsequent
frame, the amount of movement v of the object image
corresponding to the foreground is 4.
The object extracting unit 101 and the motion detector

102 are needed when_adjusting the amount of motion blur

25_lcorresponding_to-a moving object..




unit 103, and supplies the mxture ratio a to the 15 fo ckground
separator 105. The mixture ratio.a.is a value indicatingggﬁgﬁﬂg@ﬁg of the
i mage conponents corresponding to the background object (hereinafter also
be referred to as: "background conponents”) to the pixel value as expressed
by equation (3), which is 20 shown bel ow. The foreground/background

- separator 105 separates the input image into a foreground conponent inage
-formed of only the inmage conmponents corresponding to the foreground object
(hereinafter also be referred to as_"fﬁreground conmponents”) 25 and a
background conponent inmage forned. of %)I? the 19 August 2005 - 27 :
background conponents based on the area information supplied .fromthe area
specifying unit. 103 and the m xture ratio a supplied fromthe m xture-ratio
cal cul at or 10he ameassppkii€ginghanfor #gBodatecnimensechd whiagk oH 4 he

" nmotion-blur adjusting 5 unit 106 and a sel ector 107. The separated

f or egr oufwrepmpoTe Mrdavage bk dround agsat herf enalixedt puea gagbre preci se
-foreground and background can be obtained conpared to a known nethod in
‘whi ch orpixenl faft dgreoumpuandrageh elgngsnd aade syppdiikisednformatiiononsi deri ng
the m xed area. 10 The npotion-bl ur adjustin% unit 106 determ nes the unit
of proceglimRiing dst wigcht areaseachePpied| bedenasnéberginpéteror egr ound
conponent image based on the anount of -movenment v obtained fromthe notion
vectdr &HREAFISE ton ashé ageda InEPEPRRLPBN.) TRethRi RiBtupPoEREiPng is data

that specifies .
calculator 104, the foreground/backgrounq separator 105, and
‘the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calgulates the mixtﬁre
-ratio corresponding to the pixels contained in a mixed area
.10 63 (hereinafter referred to as the "mixture rétio a“) based
on the input image, the motion vector and the positional
ihformation thereof supplied from the motion detector 102,
and the area informatibn supplied from the area épecifying
~unit 103, and supplies the mixture ratio a to the
15 foreground/backgrcocund separator 105.

The mixture ratio o is a value indicating the ratio of
the image components corresponding to the background object
(hereinafter also be referred to as "background components™)
t0o the pixel. value as expréésed by eduation {3), which is

20 shown below.
| ' The foreground/background separator 105 separates the
input image into a foreground component image formed of only
" the image components corresponding to the fqreground object

{(hereinafter also be referred to as *foreground components”)

25 and a background component‘image formed of only the




15 a group of pixels to be subjected to the-nDtion-blur1gggé%§Eﬁﬁgts. Based
on the anount by which the notion blur is to be adjusted, I'Ch™Ts 1 nput
into the signal processing apparatus, the foreground conponent image X
supplied fromthe 20 foreground/ background separator 105, the notion vector
and the positional information thereof supplied fromthe notion detector
102, and the unit- of processing, the notion-blur adjusting unit 106
adj usts the anmount of notion blur contained in the foreground conponent
i mage by renoving, 25 decreasing, qfd%pcreasing t he not.ion. bl ur cont ai ned
in the 19 August 2005 - 2 8 - foregrdund conponent inmage.' The notion-blur
adjusting unit 106 then outputs the foreground conponent inmage in which.
-amount of notion blur is adjusted to the selector 107. It is not essential
t hat thebankdmmnde ctompoaes tishbasesi tnorthle areanfiofpumadionhenppliibe used.
- The selector 107 selects one of the foreground conponent image supplied
f rom t hefxfagr dgreo iab splegidyiag seddr 403r abds thedmilksuier gtdaane conponent
~image in which the amount of notion blur is adjusted supplied fromthe 10
not i on- EHupplddjdidirony tinei mixdereasedion caflenlakanmples . aandeFERPLAASsi gnal
‘reflecting a user's selection, and outputs the selected foreground
conponemﬁQIﬁﬁﬁﬁgﬂﬂﬂﬁdiﬁﬁ@?opﬁﬁﬁel@GQGIFthbﬁ mﬁél§PgHéPrpﬂ@dE§§iﬂg
apparatus is discussed belowwith reference to Figs. 3 15 through 18.
5 unit 106 and a selector 107. The separated foreground
component image may be set as the final output. A more
.precise foreground and background can be obtained compared
to a known method in which only a foreground and a
background are specified without considering the mixed area.
10 The motion-blur adjusting unit 106 determines the unit
of proceésing indicating at 1east one pixel contained in the
foreground component image based on the amount of movement v
obtained from the motion vector and based on the area
information. The unit of processing is data that specifies
15 a group of pixels to be subjected to the motion-blur

adjustments.

Based on the amount by which the motion blur is to be
'adjusted,rwhich.is input into the signal processing
aﬁparatus, the foregroﬁnd component image supplied from the

 20 'foreground/background sepafator 105, thé motion vector and
" the positional information thereof supplied from the motion
détector 102, and the unit of processing, the motion-blur
adjusting unit 106 adjusts the amount of motion blur
contained in the foreground component image by removing,

. 25 . decreasing, or ihcreasing the motion blur contained in the




Fig. 3 illustrates inmage capturing performed by a sensgg u@ﬂgzéﬁysor IS
formed of, for exanple, a CCD (Charge-Coupl ed Device) V|ée caner a
provided with a CCD area sensor, which is a solid-state imaging device.. An
20 object 111 corresponding to a foreground in the real world noves, for
exanpl e, horizontally fromthe left to the right, between an object 112
correspondi ng to a background and the sensor. The sensor captures the
i mge of the object 111 25 corresponding to the foreground together with
the image of 19 August 2005 -- 2 9t obj ect 112 corresponding to the
“background. The sensor outputs the tured image in units of franmes. For
exanple, the sensor outputs an inmage. having 30 frames per second. The
exposure tine of the sensor can be 1/30 second. The 5 exposure tine is a
peri od fficomgaoendt bempensot dtmages ° Thavaeotiog-bhputadjghtingtenktectrica
charge until when the conversion fromthe input light to the electrica
char ge 196 ftheinskbetpuThetbrpfouegroimd cempbgenteimagedinowhich "shutter
ti'me". 10 Fig. 4 illustrates the arrangement of pixels. In Fig. 4, A
t hr ough amoundi oft motheni hdihvi daakdjngéed. tFhehei selectarel@ispoked on a
pl ane of. a correspondi ng i rage. One detection device correggpnding to each
‘pi xel idgsdneposegentialhEhabnsbe. mohéant veckenrsapd pehe oPASitHeRRL capt uri ng,
~each_ 15 detection device outputs a pixel value of the corresponding pixel
f or i ngiPfermakden FBerexfinPeelSefe position of the
' The selector 107 selects one of the foreground
: componentrimage supplied from the foreground/background
separator 105 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
10 motion-blur adjusting unit 106 based on, for example, a
sélection signal reflecting a user's selection, and outputs
the selected foreground component image.
An. input image supplied to the signal processing
apparatus is discussed below with reference to Figs. 3
15 through 18.
Fig. 3 illustrates image capturing performed by a
sensor’. The sensor is formed of, for example, a CCD
{Charge-Coupled Device}'videb camera provided with a CCD
area sensor, which is a solid-state imaging device. An
20 object 111 corresponding to a foreground in the real world
moves, for example, hofiiontally from the left to the right,

between an object 112 corresponding to a background and the

sensor.
The sensor captures the image of the object 111

25 corresponding to the foreground together with the image of




detection device in the X direction corresponds to the (dgri 4
direction on the inmage, while the position of the detection device in the
Y direction corresponds to the 20 vertical direction on the inmge. As shown
in Fig. 5, the detection-device, which is, for - exanple, a CCD, converts
input light into electrical charge during a period corresponding to a
shutter time, and stores the converted electrical charge. The anpbunt of
- charge is 25 al nost proportional to the intensity of the input light and 19
- August 2005 - 30 the period for,mnigg the light is input. The detection
device sequentially adds the electrical charge converted fromthe input
light to the stored electrical charge during the period corresponding to
the shutter tine. That is, the .5 detection device integrates the input
l.i ght d@hiengbtiket peéRi cdrrespesgdndi bg tbethackguoved. t | Fiee afRN$eBres the
el ectrical charge corresponding to the anount- of integrated light. It can
-be conscuépetst the chetdredcimagedani veihasof afirameegr APRHEXYMI¢on with
respect to tine. 10 The electrical charge stored in the detection device is
convert élei AEBSATVORtRGESYahuémage ahaviedi 30 (Feamesol®y , SefPdt he vol t age
~value is further converted into a pixel value, such as_digital data, and
is outpEhe ABPBFUFAgEjmecaEhthpi KENSQH| GaN ok phf 39 rTFTPR: s r is a val ue
projected on a 15 |inear space, which is a result of integrating a certain

t hr e- dPFBASIERAF1B8r LFoft BETLAE BHPRCYRER PR BPRFIY I f or eground or

he background with r h .
the baccgnggrgingtinp&%pfgéh%oigtg gf&é%%ical charge until when the

conversion from the input-light to the electrical charge is
finished. The exposure time is also referred to as a |
"shutter timeh.

10 - Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on
the sensor. When the sensor performs image capturing, each

15 detection device outputs a pixel value bf the corresponding
pixel forming the imagé. For‘example, the position of the
detection device in the X direction corresponds to the
horizontal direction on fhe.image, while the position of the
detection device in the Y direction corresponds to the

'_20 vertical direction on the image.
As shown in Fig. 5. the detection device, which is, for
"example, a CCD, converts input light into electrical charge |
during a period corresponding to a shutter time, and stores
the conVerted eléctrical charge. The amount of charge 1is

25 almost proportional to the intensity of the input light and




time. The signal processing apparatus extracts significagl,, g&zio%or mat i on
enbedded in the output signal, for exanple, the m xture rat?o a y the
storage operati-on of the sensor. The signal processing apparatus adjusts
the amount: of distortion, for exanple, the amobunt of notion blur, caused
- by the mixture of the foreground i nage object itself. The 25 signal
processi ng apparatus al so adjusts the anount of 19 August 2005 - 31
distortion caused by the m xture of the foreground i mage object and the
background i-mage object. Fig. 6A illugjrates an image obtained by capturing
a noving object corresponding to a foreground and a stationary 5 object
corresponding to a background. In the exanple shown in Fig. 6A the object
corresponding to the foreground is noving horizontally fromthe left to
the ri ghth&iRSriedkdet which [fdies digbt. isi gnoew -i | (Thet dgtestionrodel obt ai ned
by expandi ng pi xel 10 val ues corresponding to one line of the imge shown
in Fig. 99A9%h ssmantialdi addsofherigd epdiisadt ShaggeeoP¥ATERBwWN in Fi g.
. 6B correlﬁgn to the spatial direction X in Fig. 6A. The values of the

pi xel s. §4PR eoé'd%’r_todr?@h%é:é’ dhe StOFREd Sd I TR e CheTBgcRYFHTEd
conponents, .that js, the 15 inmage nponents cor.respondi ng.to.the
backgr o (ﬂﬁﬁ&ﬂd CATE SR n@f%Phggﬁi§BP§tFﬁ tA’er or EBREURB- aFBS are

o B et A S IR b 108he’ Burklg Lipos comonents
period corresponding to the shutter time and stores the
electridal charge corresponding to the amount of integrated
light. It can be consideréd that the detection device hés
an iﬁtegfating function with respect to time.

‘10 The electrical charge'stdred in the detection device is
converted into a voltage value.by a circuit (not shown}, and
the voltage value is further converted into a pixel value,
such as digital data, and is output. Accordingly,_each
pixel value output from the sensor is a value projected on a

15 linear space, which is a reSult of integrating a certain
three-dimensional portion of the object corresponding to the
foreground or the background with respect to the shutter
time.

The signal processing apparatus extracts significant

20 information embedded in the output signal, for example, the
mixture ratio a, by the storage'operation of the sensor.

The signal processing apparatus adests the amount-of
distortion, for example, the amount of motion blur, causéd
by the mixture of the foreground image object itself. The

25 signal processing apparatus also adjusts the amount of




- The val ues of the pixels of the m xed area are forned r e
background conponents and the foreground conponents. Sﬁ%ggé$%gbéglues of
the pixels .in the mxed area are formed fromthe background conponents and

t he foreground conponents, it nmay be referred to as a "distortion area”.
The mixed area is further classified into a covered background area 25 and
-an uncovered background area. 19 August 2005 - 32 The covered background
area is a mxed area at a position corresponding to the leading end in the
direction in which the foreground_pﬁieq} is noving, where the background

conponents are gradually covered wt Yhe s foreground over tine. In
contrast, the uncovered background area is a m xed area corresponding to
the trailing end in the direction in which the foreground object is

nmovi ng, diteerogttiloe loaclsgido biyd theonmpertemes ofr &tealfbyegppund dmagetime. 10 As
di scussed above, the inmage containing the foreground area, the background
area, omrotjeetc@rer ddieh bekpgrontdaimager cbfretuncover ed background area i s
input into the area specifying unit 103, the mixture-ratio calculator 104,
~and the forE&dgeuhd/ bhtkgroahes sepalBage abbabred hey iegREUTHyE 15 Fig. 7
illustrates the background area, the foreground area, the m xed area, the
cover ed MeFdRgr OPIGCAr €8rrafROoPAENIuELoRefRTCERERBROARE Ar b2 HIQREEE ed
above. In the areas correspondingato the i_.nage shown in F'%. 6A, -the

backgr odect eerresgpordipronar ¢ ParkesRunthne {8 ERR oBREAMBL B aSHYVR

in Fig. 6A, the object corresponding to the foreground is
'moving horizontally from the left to the right with respect
‘r.to the screen. |
Fig. 6B illustrates a model obtained by expanding piXel'
10 .values-corresponding'to one liné 6f the image shown in Fig.
6A in the time direction. The horizontal direction showh in
Fig. 6B corresponds to the spatial direction X in Fig. 6A.
| The values of the pixels in the background area are
formed only from the backg:ound components, that is, the
15 image components corresponding to the background object.
The values of the pixels in the foreground area are formed
only from the foreground components, that is, the image
components corrésponding to the foreground object.
The values of the pixels of the mixed area are formed
_2G from the background components and the foreground components.
Since the values of the pixels in the mixed area are formed
from the background components and the foreground components,
it may be referred to as a "distortion area". The mixed .
area is further classified into a covered background area

-25 . and an uncovered background area.




- 20 noving.portion, the covered background area of the m is a
portion that changes fromthe background to the foregpgﬁﬁggwgggéﬁhe
~uncovered background area of the mxed area is a portion that changes from
the foreground to the background. 25 Fig..8 illustrates a nobdel obtained
by expanding in the 19 August 2005 33 tine direction the-pixel values of
the pixels aligned side by-side in the inmage obtained by capturing the
i mage of the object corresponding to the stationary foreground and the
i mmge of the object corresponding ppﬁ§pe stationary 5 background:. For
exanpl e, as the pixels aligned side-by-side, pixels arranged in one |ine
on the screen can be selected. The pixel values indicated by FOI through
FO4 shown in Fig. 8 are values of the pixels corresponding to the object
of the stati &her goferedrbaatigrdhedpared el acsixediasezdbya .10 BO1
“through B04 shown in Fig. 8 are values of the pixels corresponding to the
obj ect afosiid.on gorarappnidislgitouttie 1eading| apdeinf then dhsecbporo t he
“bottomin Fig. 8 in the vertical direction in Fig. 8 The position at the
top si dédToWhilgh thet 4aFeerPHnA; gbigctoifcnpvhng. t wherne thee at 15 which
- the sensor starts converting input light into electrical charge, and the
posi t i oR3SKITRENGCOBRPEPRESoRTSt HEafBRLAKgreVeRedi Yith Eleresponds to the
“tinme_at which the conversion fromthe input light into the electrica
charJe TOFeQrRu8fe@veThidi™Ps, the distance fromthe top side to the

In contrast, the uncovered background area is a mixed

area corresponding to the trailing end in the direction in

7 which the foreground object is moving, where the backgroﬁnd
components gradually appear cover time.

10 As discussed above, the imége containing the foreground
area, the background area, or the covered background area or
the unco#ered background afea is input into the area
specifying unit 103, the mixture-ratib calculator 104, and
the foreground/background separator 105 as the inpﬁt image.

15 Fig. 7 illustrates the background area, the foreground

area, the mixed area, the covered background area, and the

uncovered background area discussed above. In the areas
corresponding to the image shown in Fig. 6A, the background
area is a stationary portion, the foreground area is a
_20 moving portion, the covered background-area of the mixed
area is a portion that changes from the background to the
.foreground,-and the uncovered background area of the mixed
area is a portion that changes from the foreground to the.
~background.

25 Fig. 8 illustrates a model obtained by expanding in the



20 bottom side of the rectangle in Fig. 8 corresponds t ter tine.
The pi xels shown in Fig. 8 are descri bed beIOM/assuning?g%ﬂ§¥$§@g$_exanple,
the shutter tinme is equal to the frame size. 25 The horizontal direction
in Fig. 8 corresponds to the 19 August 2005 34 spatial direction X in Fig.
6A. More specifically, in the exanple shown in Fig. 8, the distance from
the left side of the rectangle indicated by "FO1" in Fig. 8 to the right
si.de of the rectangle indicated by "B04" is eight tinmes the pixel 5 pitch,
i.e., eight consecutive pixels. Wen e foreground object and the o
background object are stationary, the light input into the sensor does not

- change during the period corresponding to the shutter tinme. The period
corresponding to the shutter tinme is divided 10 into two or nore portions
“of equaltiger idddection dbemplixeli valuhe afinbbe pfixelst adligdedi dédeporti ons
is 4, the nodel shown in Fig. 8 can be represented by the nodel shown in
Fig. 11.by-midendmbdheofimgge: ohtadnefddby peptrshbBdchRebémage a€cbhfling to-
“the anount_ of novenent v of the object corresponding to'. 15 the foreground
wi t hin ﬁﬂ@e§ﬁUFF€Fe€P9§§lP@rt@xéﬁﬁléFaFh@nﬁﬁﬁb§9r69r9FP?uﬁPddFUPded

- portions is set to 4 when the anount of novenent v (s 4, and the period
cor r espdf@9%g °fo thenobdrgitt EPTERRROPEIRIV LA REnPbaF&ORaEBr ti ons. The

pper oS et P, FL Sl L SOnesPONds Lo e ] il 2 Ui e Ralde0d from
pixels arranged in one line on the screen can be selected.
The pixel_valueé indicéted by F01 through F04 shown in
Fig. 8 ére values of the pixels corresponding to the objeét
of the stationary foregrouﬁd. The pixel values indicated by'
.10 BOl1 through B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the statidnary background.
Time elapses from the top to the bottom in Fig. 8 in
the vertical directioh in Fig. 8. The position at the top
side of the rectangle in Fig. 8 correspbnds to the time at
15 which the sensor starts converting input light into
electrical charge, and the position at the bottom side of
the rectangle in Fig. 8 éorresponds to the time at which the
:conversion from the input light into the electrical charge
is finished. That is, the distancé from the top side to the
20 Dbottom side of the rectangle in Fig. 8 cor:esponds'to the
shutter time.
The pixels shown in Fig. 8 are described below assuming'
that, for example, the shutter time is equal to the frame
size.

25 The horizontal direction in Fig. 8 corresponds to the -




line in Fig. 11 corresponds to the second divided perioquLégg?ﬁﬁgn t he
shutter has opened. The third line in Fig. 11 corresponds to the third.
di vi ded period fromwhen the ‘shutter has opened. The fourth line in Fig, -
11 corresponds 25 to the fourth divided period fromwhen the shutter has 19
August 2005 - 3 5 - opened. The shutter tine divided in accordance with the
anount of novenent v is also hereinafter referred to as the "shutter
time/v'. 5 Wien the object corresponding to the foreground is - stationary,
the light input into the sensor does npt_change, and thus, the foreground
component FOLl/v is equal to the value obtained by dividing the pixel value
FOL by the nunber of virtual -divided portions. Simlarly, when the object
10 corresponding to the foreground is stationary, the foreground conponent
FO2/ v ‘i sspetjuiadl tdoindvdival &e iobfFdignedAby Modievisgierdfihelpiyxelfinvihae FO2 by
t he nunber of virtual divided portions, the foreground conponent FO3/v is
equal texanpe ghawnolimifiad By dbe disfanke piresl thel defkosigdyg ehe 15
nunber of virtual divided portions, and the foreground conponent FO4/v is
equal t Fheheamianglsotimdicatoy &yvi d08g iehEigi-x8 toakhe rdghbysifie nunber
of virtual divided portions. Wien the obj ect cqrresggnding'to t he
~ backgr oHd the mecdEngisndrficphed Pyhi BPAputdsi RLghthEiBefsbhedBi¥efot
change, _anglthus, t he back%round Qonponena BO1l/v is equal to the
pitch, i.e., eight consecutlve pixels. 7
When the foreground object and the background object
are stationary, the light input into the sensor does not
change during the period corresponding to the shutter time.
The period corresponding to the shutter time is divided -
10 into two or more portions of equal periods. For‘example, if
the number of virtual divided portions is 4, the model shown
in Fig. 8 can be represénted by the model shown in Fig. 11.
The number of virtual dividéd portions can be set according
to the amount of movement v of the object corresponding'to‘
15 the foreground within the shutter time. For example, the
number of virtual divided portions is set to 4 when the
armount of movement v is 4, and the period corresponding to
the shutter time is divided into four portions.
The uppermost line in Fig. 11 cbrresponds to the first
20  divided period from when the shutter has opened. The second
line in Fig. 11 corresponds to the second divided period
from when the shutter has 6péned. The third line in Fig. 11
corresponds to the third divided period from when the

shutter has opened. The fourth line in Fig. 11 corresponds

- 25 - to the fourth divided period from when the shutter has




val ue obtai ned by dividing the pixel value BOL by the n irtua
~divided portions. Similarly, when the object .correspong?ggé$%gpﬁz ‘

- background is stationary, the 25 background conponent B02/v is equal to.the.
val ue obtai ned by 19 August 2005 - 36 dividing the pixel value B02 by

t he. nunmber of virtual divided portions, the background conponent B03/v is
equal to the value obtained by.dividing the pixel value B0O3 by the nunber
of virtual divided portions, and the background 5 conponent B04/v is equal
to the val ue obtained by dividing t pi xel value B04 by the nunber of
~virtual divided portions. Mre specitically, when the object correspondi ng
to the foreground is stationary, the |ight corresponding to the 10 .
foreground object input into 'the sensor does not change during the period
correspormingfito the shutter tinme. Accordingly, the foreground conponent
-Fat/v corresponding to the first portion of the shutter tinme/v from when
the shutter Thgs sbpéhed, tine févededuhn aorpohante FOLEN e cdrewshonding to
t he second portion of the shutter tine/v fromwhen the shutter has opened,
t he for &r SiRemERpIndst alpol herednagdsandehgrredt ke &fi FBSportion of the
shutter  tinme/v fromwhen the shutter has opened, and the foreground '
conponentSFRF ddMed¥ponding to the fourth portion of the 20 shutter

time/v fromwien the shytter has opened becone the sanme value. The sane
appl Pes 1o FHBPD HREoRGRCPBATOESSbrRALRg Factor oRagipund 15
' stationary, thé light input into the éensor does not change,
and thus, the foreground compbnent FOl/v_is equal to the
vélue obtained by dividing the pixel value F01 by the number
of virtual divided'portions. Similarly, when the object
10 corres?onding'to the foreground is stationary, the
foregrouna componeht FOZ/# is equal to the value obtained by
dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel value F03 by the
15 number of virtual divided portions, and the foreground
component F04/v is equal to the value obtained by dividing
the pixel value F04 by the number of virtual divided
portions.
| When the object corresponding to the background is
20 stationary, the‘light input into thé sensor does not change,
and thus, the background component B0l/v is equal to the
value obtained by dividing the pixel wvalue BO1l by'thé'number
of virtﬁal divided portions. Similarly, when the object
- corresponding to the background is stationary, the

25 background component B02/v is equal to the value obtained by




-.\When the object corresponding to the background is statjapaidoobde |ight
- corresponding to the background object 25 input into the senhsor does-not
change during the period 19 August 2005 37 corresponding to the. shutter.
time. Accordingly, the background conponent BO1l/v corresponding to the
first portion of the shutter time/v fromwhen the shutter has opened, the
- background conmponent B01l/v corresponding to the second portion of the
shutter time/v fromwhen the shutter has opened, the background conponent
- BO1/v corresponding to the third portion. of the shutter tinme/v from when
the shutter has opened, and the background conmponent B01l/v corresponding
to the fourth portion of the shutter tine/v 10 from when the shutter has
opened becone t he sane val ue.. The sane applies to B02/v through B04/v. A

descri ptoRt gy thsh iEaheadage BO? W dher R¥mbBFet VdEtHedponding to the
st at L ondryyided EeFEhess | 155 BHcEG e R P AR CRURy YexPaRtNAY. TP ¢ he
cover ed BacRaSm BrsRed hen Pivdaindt the BiReLe s PN E B0 Y b Por eqround
1 Dl (A0 0¥l Bk, o cHCHAIBIB G, TOvETEnt Y T
T T T S R e T
foregroynd iSRG U4t B the himber of virtual divided
| portions. ‘
More specifically, when the.objéct corresponding to the
foreground is statidnary, the light corresponding to the
-lb foreground object input into the sensor does not change
during the period corresponding to the shutter time.
Accordingly, the foreground component F0l1/v corresponding to
the first portion of the shutter time/v from when the
shutter has opened, the foreground component ¥FO1l/v
15 corresponding to the second portion of the shutter time/v
from when the shutter has 0pehed, the foregroqnd component
FO0l/v corresponding to the third portion of the shutter -
time/v from when the-shutter has opened; and the fofeground
component F0l/v corresponding to the fourth portion of the‘
.720 ‘éhutter time/v from when the shutter has opened become the
same value. The same applies to F02/v through F04/v, as in
the case of FQl/v.
When the object corresponding to the_badkground is
stationary, the light corresponding to the béckground object

25 input into the sensor does not change during the period




positioned four pixels to the right with respect to a 257, frame
when it is displayed in the subsequent frane. 19 August$%6§é&%gaﬁ$n Fig.
10, the pixels fromthe |l eftnost pixel to the fourth pixel belong to the
foreground area. In Fig. 10, the pixels fromthe fifth pixel to the
seventh pixel fromthe Ileft belong to the m xed area, which is the covered
- 5 background area. In Fig. 10, the rightnost pixel belongs to the
"background area. The object corresponding to the foreground is noving such
that it gradually covers the obj ect_cpyresponding to the background over
time. Accordingly, the conmponents 10 contained in the pixel values of the
pi xel s. -belonging to the covered. background area change fromthe
background conponents to the foreground conponents at a certain tine .
- during terIRSHGWing rtes fdvedishig ttert kdmehut AecorddBglFer thganpl e, the pi xe
val ue M surrounded by the thick 15 frame in Fig. 10 is expressed by
. equat i orPaalygRIINgly campengaty BOREY) ¢Lra2eperddng £o) ther faxgkpl e, the fifth
"pixel fromthe left contains a _background component corresponding to one
porti on RATHIQD ofh tee Shuthery tdRg/VofEgrRothec ShgofBHESSEoRRESspondi ng to
20 thre%ﬁport'ons of the shutter tine/y us, the m xture atio a of

The 111 GREBIStkl Hieohagkamoand comppRentLB0Lx: HOLbeRBPnA b FRthEr
Co 1 15 AR SOTIS Sy ERLLOTPRR RS LB PORL SRERLE e
the has opened, the background component BOl]V corresponding to
| the third portion of the shutter time/v from when the
shutter has opened, and‘the background compdnent BOl1/v
corresponding to the fourth portioﬂ_of the shutter time/v
10 from when the shutter has opened become the same value. The
. same apblies to.BOZ/v through B04/v.
A description is given of the case in which the cobject
corresponding to the foreground is moving and the object
.corresponding to the background is stationary. |

15 Fig. 10 illustrates a model obtained by expanding in

. the time direction the pixel values of the'pixels in one

line, including a covered background area, when the object

corresponding tb the foreground is moving to the right in
Fig. 10. 1In Fig. 10, the amount of movement v is 4. Since
20 one frame is a short period,-it can be assumed that the
object corresponding to the fqreground is a rigid body |
moving With consfant‘velocity. In Fig. 10, the object image
corresponding to the foreground is moviné sﬁch that it is
pdsitioned-four_pixels to the right with resﬁect to a

25 reference frame when it is displayed in the subsequent frame.



25 shutter time/v, and thus, the mixture ratio a of the1§i>§ggst12§0§\ugust
2005 - 39 pixel fromthe left is 1/2. The seventh pixel fﬁ mthe | eft
cont ai ns background conponents corresponding to three portions of the
-shutter time/v and a foreground conponent. corresponding to one portion of
‘the shutter time/v, and thus, the mxture ratio a of the fifth pixel from
the left is 3/4. It can be assuned that the object corresponding to the
foreground is a rigid body, and the foreground object is noving with
constant velocity such that it is di_sg%ayed four pixels to the right in
t he subsequent frame. Accordingly, 10 for exanple, the foreground conponent
FO7/v of the fourth pixel fromthe left in Fig. 10 corresponding to the
first - portion of the shutter tinme/v fromwhen the shutter has opened is
equal to the ¥ofd@-odfd &heped&Est-sofroRe ther LREtPpRE| Pikeh thetheft in Fig.
10 Qorref(gondi 2&9 to the second 15 portion of_ the shutter tinme/v from when
t he shutt @M HALPIFpe ROy £ 4hs FAerIgamdyagisdd cdmpdidnt 180788 s equal
to the fore oqggzcoqfoqsgg of the sixth pixel fromthe left in Fig. 10
correspo‘?ﬂf%st Phebehitd Po MR de° ke Savendh Pigede 7o &Rewhen the
shutter ened, .and.the foreground .20 cqnpqnent of .the seventh pixel
fromtheﬂ?%f ?&ﬁorﬁ d° 16% SPresh @ B Phd St FO¥6 EFon of the shutter
timegy 1 N, t shu er.Eﬁs pe . L.t can be_ass d.t hat Ehe obj ect
cor r_esponcf%% {o h#e}ee ’ortelté'r Sda ilg)rzar%%%gir&gggﬁv,s aR&XFﬁ'g%F&PEBPO Rd obj ect
iI's 25 ntgﬂ@q)é/gkt_&oq&rasta%%_vel ocity such that it is displayed four
The object‘correspondihg to the foreground is moving
such that it gradually covers the object corresponding to
the background over time. Accordingly, the components
10 ‘contained iﬁ the pixel values of the pixels belonging to thé
covered background area change frdm the background
components to the'foreground components at a certain time
during the period corresponding to the shutter time.
For example, the pixel value M surrounded by the thick
15 frame in Fig. 10 is expressed by equation (1) below.
M = B02/v+B02/v+FO07/v+F06/v (1)
For example, the fifth pixel from the left contains a
background component corresponding to one portion of the
shutter time/v and foreground components corresponding to
20 three pprtions of the shutter time/v, and'thus, the mixture
ratio o of the fifth pixel from the left is 1/4. The sixth
pixel from the left contains background components
corresponding to two portions of the Shutter time/v and

foreground components corresponding to two portions of the

_25 ‘shutter time/v, and thus, the mixture ratio a of the sixth




19 August 2005 - 40 pixels to the right in the subsequ

Accordingly, for exanple, the foreground conponent FOG?ghgﬂﬁﬁgo?hird

pi xel fromthe left in Fig. 10 corresponding to the first . portion of the
shutter time/v fromwhen the shutter has 5. opened is equal to the

f oreground conponent of the fourth pixel fromthe left in Fig. 10
corresponding to the second portion of the shutter tinme/v fromwhen the
shutter has opened. Simlarly, the foreground conponent FO6/v is equal to
the foreground conponent of the fifihygixel fromthe left. 10 in Fig. 10
corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened, and the foreground conponent of the sixth pixel from
the left in Fig. 10 corresponding to the fourth portion of the_shutter
time/v Hikshh the drétti és Ad<-opdhedseysnth parebefreBurbe 18EF the
obj.ect correspond foreground is a riaid bod and the foreground

ing to the
object‘i§9n§ﬁ$PFn&aﬁ%QWOBBHSFQWPOP n&&i PYTEREROP éPgiF°¥§hH?§played f our
"pixels to the right in the subsequent franme. Accordingly, for exanple, the
Py e ot G0 R o sP EEE; FANELkonbd08 EPREPFoEBh ChEpRFRE, o Rl o 10
corresponding to.the first  porti.on of  the shutter ti.ne/v fro en the
S Sor e pbRatRE, kol Bhe BRTiRR Pl e TR SRR Yot T R

Db O ISR AR B k0 e EOTERAL00  SrbliceaCRIEy poriign of (he
fDreground CPQDQQ&‘"BG Fgéél}(mé& ﬁ%@ltﬂg é%%@é g&%sponding to the
' '.foreground is a rigid body, and.the foreground object is
,ﬁoving with constant velocity such that it is displayed'fbur
.-pixels to th; right in the subsequent frame. Accordingly,
10 " for eXample, the foreground component F07/v of the fourth
pixel from the left in Fig. 10 corresponding.to the first
portion of the shutter time/v from when the shuttef has
opened is equal to the-foreground component of the fifth
pixel from the left in fig. 10 corresponding to the second
15 | portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F07/v is equal
to the foreground component of the sixth pixel from the left
in Fig. 10 corresponding to the third portion of the shutter
-time/v from when the shutfer has opened, and the foreground
.20 cemponent 6f the seventh pixel from the left in Fig. 10
corresponding to the.fourth'portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the objecf corresponding to the
foreground is a rigid body, and the foregrouﬁd object is

725 moving with constant velocity such that it is displayed four




-- 41 to the foreground conponent of the fourth pierVQgg_ d9pheft In
Fig. 10 corresponding to the third portion of the shutteru%%ne?v from when .

t he shutter has opened, and the foreground conponent of the fifth. pixel .
~fromthe left in Fig. 5 10 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter has opened. It can be assuned that

t he object corresponding to the foreground is a rigid body, and the

- foreground object is noving with constant velocity such that it is
~displayed four 1.0 pixels to the righigin the subsequent frane.
Accordingly, for exanple, the foreground conmponent FO04/v of the |eft nost
pixel in Fig. 10 corresponding to the first portion of the shutter tine/v

f when. t hut h ' | t t he f d. t of
L heTenaRtds S8 Dk B el S Hetpends fgiena p ROAG g T¥e s cnond
ti f th tter ti f when. th tt d. Sinmlarly,
Pret or S e tid ‘eIl ] Mot andies B S oG RIS ment | of L he
third pi f > | ef f..i Fig. 1 i ' ti f
e Shotet A0 NG Sldrd Aalhdq o ERRLERDARRAY (8 WHE EOEEE POTLI o0 o0

- componento,qf g Ut ictely DN Lo B shl G0 pgpondi ng to

the fou portion the shutter tine rom e ter has opened.

Si ncs t R diIEAOWIAA" 83 Gl $IRVFoRAA! LohPBnlRYi B¢ BB @BLEEH contains
motion blur as discussed above, it “can also 19 August 2005 - 42 _
pixel from the left in Fig. 10 corresponding to the second
porrionlof the shutter time/v from when the shutter has |
opened; Similarly, the foreground component F06/v is eqdal
to the foreground component of the fifth pixel from the left

10 in'Fig; 10 cdrrespondiﬁg to the third portion of the shutter
time/v from when the shutter has cpened, and the foreground
component of the sixth pixel frqm the left in Fig. 10
corresponding tc the fourth portion of the shutter time/v
from whenrthe shutter has opened.

15 _ It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it ié displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground cdmponent FO5/v of the second

20 pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
pixel from the left in Fig. 10'corresponding to the second
portion of the shutter time/v from when the éhutter has-

725 opened. Similarly, the foreground component F05/v is equal




be referred to as a "distortion area". Fig. 11 illustratg ggs obtai ned
by expanding in the tinme direction the pixel values of tﬁggﬁg%e?s in one
|.i ne i.ncluding an uncovered background area when the object 5 correspondi ng

“to the foreground is noving to the right in Fig. 11. In Fig. 11, the
amount .of novenment v is 4. Since one frane is a short period, it can be
assuned that the - object corresponding to.the foreground is a rigid body
noving with constant velocity. In Fig. 11, the object inmage 10
corresponding to the foreground is moyjng to the right such that it is
positioned four pixels to the right wth.respect to a reference frame when

‘it is displayed in the subsequent frame In Fig. 11, the pixels fromthe
| eft most pixel to the 15 fourth pixel belong to the background area. In
Fi g. 11,tqrﬁ?eFﬁ@ﬁﬁ%??%ﬂﬁn%Qﬂ?Qﬁﬁﬂﬂ1qﬁ)&Qetﬁ9QQﬁ? Paxedt Krpirxébhe from t he

left belong to the m xed area, which is an uncovered background area. In

CFig. 11,19%e 30 ghtSosk0 sodemongigs @ thee thdrsyportdoar 4. the The obj ect
“correspondi to the faoreground which covers_ the object corresponding to.
t he bacﬁﬁ?ﬂﬁ%ﬁﬁ?&WﬁﬁﬁrﬁfééJ en fhe shutded; D@saoPeredmo®Bd £h8m t he obj ect.
correspaonding ta the backgro over, time.. Accordingly, the conponents

‘cont ai nefg)li %dpi%?é‘fp%r&eé)%g%l}%eg i 5 | Lk ot{f@q‘?lél{% ]t‘?é? W5 Ed#over ed
backgro I from,.th reground 19 ?u st 20 - 43 onponents
ot Re BCBPaaE Eatnda st EgURERy RO Hoh oy ' shlbEer tnef?

' - from when the shutter has opened. |

It can be assumed that the object corresponding to the

foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four:

10 pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F04/v of the left most
pixel in Fig. 10 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to
the foreground component of the second pixel from the left

15 in Fig. 10 corresponding to the second portion of the
shutter time/v from when the shutter has opened. Similarly,
the foreground component F04/v is equal to the foreground
component of the third pixel from the left in Fig. 10
corresponding to the third portion of the shutter time/v

20 from when the shutter has opened, and the foreground
component of the fourth pixel from the left in Fig. 10
'corfesponding to the fourth portion of the shutter time/v
from when the shutter has opened.

Since the foreground area corresponding to the moving

25 object contains motion blur as discussed above, it can also




the period corresponding to the shutter tine. For exanphg A bh& sBbxel val ue
M surrounded by the thick frame in Fig. 1l is expressed by equation (2).
5 M = F02/v+FOLl/ v+B26/ v+B26/v (2) For exanple, the fifth pixel fromthe.

left contains. background- conponents corresponding to three portions of the

shutter tine/v and a foreground conponent corresponding to one shutter
portion of the shutter tine/v, and thus, the 10 mxture ratio a of the
fifth pixel fromthe left is 3/4. The sixth pixel fromthe |left contains
background conmponents corresponding 49 two portions of the shutter time/v
and foreground conponents corresponding to two portions of the shutter
time/v, -and thus, the nixture ratio a of the sixth 15 pixel fromthe |eft
is 1/2. T e.s vent |xe énnthe Jeft _cqntains a background conponent

correspon |ng ?%F ?xﬁ§|?N1 TP Ch 5% time/v and foreground

 commonents e esgoulg il s Wi B BB

t hus, the nlxt e rafi e Seven

oxpr coseth b Mt i & S YIREL Ol Yituceg ¥ QD20 e
‘rati-o, &iﬂ@'ﬁ?&ﬁﬁiﬁ@"&f?lun\é@ o} b]a%k?%t%lﬁ%tcﬁ 2093 wgé% thie, gﬁ%ﬁgr ound,

and Fi/v designhates & foregro conpon t can assune at the

obj est FRSRMHHING 4 e YN 1S ovifigd tROhe WRGRR if MoOVing
wi t h const ant

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

one frame is a Short period, it can be assumed that the

bbject correspondinglto the foreground is a rigid body

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

10 corresponding to the foregrouﬁd is moving to the iight such
that it is positioned four pixels to the right with respect
to a referehce frame when it is displayed in the subsequent
frame.

In Fig. 11, the pixels from the leftmost pixel to the

15 fourth.pixel belong to the background area. In Fig. 11, the
pixels from the fifth pixel to the seventh pixels from the
left belong to the mixed area, which is an uncovered
badkgroﬁnd area. In Fig. 11, the rightmost pixel belongs to
the foreground area.

20 The objeqt corresponding to the foreground which covers
the object corresponding to the background is moving such
that it is gradually removed from the objéct corresponding
to the background over time. Accordingiy, the components
contained in the pixel values of the pixels belonging to the .

25 uncovered background area change from the foreground




vel ocity, and the anpunt of novenent is 4. Accordingly, : npl e, the
foreground conponent FO1l/v. of the fifth pixel fromthe ﬁ%?@gwﬁzgpg. 11 :
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened iis equal to the foreground conponent. of the sixth pixel
from the left in Fig. 11 corresponding to the second portion of 10 the
shutter tinme/v fromwhen the shatter has opened. Simlarly, the foreground
conponent FA /v is equal to the foreground conponent of the seventh pixel
fromthe left in Fig. 11 correspondigggto the third portion of the shutter
tinme/v fromwhen the shutter has opened, and the foreground 15 conponent of
the eighth pixel fromthe left in Fig. 11 corresponding to the fourth
portion of the shutter tinme/v fromwhen the shutter has opened. 20 It can
‘be assuSFPPRENTS sPefhEuRaCkerauptgrampengnts vat ori ¢ tahy EHee Mbunt of
for exanple, the foreground pixel fromthe left [n portion of the shutter
_opened - i ee§&§ﬂogoc9ﬁgeﬁgoﬂﬂ%89 FPokPEn8hEEeL | Hik®y. the obj ect '

corresponding to the _which is._noving wth constant venent v is 4.
Accordingly,goﬁoﬁﬁ %?'F%%?vpiﬁe}rﬁéiH§1M1 surrounded by the thick

frame in Fig. 11 is expressed by equation (2).
5 Mt o= Foz/v+F61/v+Bza/v+326/v : (2)

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

10  mixture ratio o of the fifth pixel from the left is 3/4.
‘The sixth pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the
‘shutter time/v, and thus, the mixture ratio o« of the sixth

15 pixel from the left is 1/2. The seventh pixel from the left
contains a background component corresponding to one portion
of the shutter time/v and foreground componénts
corfesponding to three portions of the shutter time/v, and
thus, the mixture ratio o of the seventh pixel from the left

20 is 1/4.

When equations (1) and (2) are generalized, the piﬁel

value M can be expressed by equation (3):

M=o B+ SFi/v - (3)

where a is the mixture ratio, B indicates a pixel value of




11 corresponding to the first time/v fromwhen the ShUtﬁﬁﬁuﬁgﬁ Bireground
conponent of the seventh Fig. 11 corresponding to the séco fg ugust
2005 - 45 portion of the shutter tine/v fromwhen the shutter has opened.
Simlarly, the foreground conmponent FO2/v is equal to the foreground
conmponent of the eighth pixel fromthe left in Fig. 11 corresponding to
the third portion of the 5 shutter tinme/v fromwhen the shutter has opened.
. It can be assuned that the object corresponding to the foreground is a
rigid body, which is noving with condttam vel ocity, and the anmpunt of
movenent v is 4. Accordingly, for exanple, the foreground conponent FO3/v
of the seventh 10 pixel fromthe left in Fig. 11 corresponding to the first

portion thfe baekgouhd, thEEFY /i aBsWGRAtEECa ShOLEGIoNRE cORSHReht S equal to
t he foreground conponent of the eighth pixel fromthe left in Fig. 11

correspondi niitt eah hise sesomdled polidt oth®fob fwc-ts it etspdieing fucornehen t he
shutter has 15 opened. It has been described with reference to Figs. 9
t hr ough forégrbandt ie aurhgidobodyy t whichi ¥& decv peg twbels dsndcanthe nunber
of virtual divided portions corresponds to the amount of novenent v.
Cener al Mglothéyansodt thé amvenktntfvm@@emeant espohds Aacdidimyd hFapeed of
t he object corresponding to the foreground. For exanple, if the object
cor respehaipget othhefooeggpoud dodmpemaih g GLth. ehathe tfiktisipledyed four
from the left in Fig. 11 corresponding to the first portion
of the shutter time/v from when the shutter has opened is
equal to the foreground component of the sixth pixel from
the left in Fig. 11 corresponding to the second éortion of
10  the shutter.time/v from when the shutter has opened.
Similarly, the foreground component F01/v is equal to the
foreground component of the seventh pixel from the left in
Fig. 11 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
15  component of the eighth pikel from the left in Fig. 11
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the object cdrresponding to the
~ foreground is a rigid body, which is moving with constant
'_20 velocity, and the amount of movément v is 4. Accordingly,
for example, the foreground component F02/v 6f the sixth
pixel from the left in Fig. 11 corrésponding to the first
.pqrtion of the shutter time/v from when the shutter has

opened is equal to the foreground component of the seventh

.25 pixel from the léft in Fig. 11 corresponding to the second




pixels to the right with respect to a certain frame whegiat,.i itioned
in the subsequent frame, the anount of 25 novenent v iggéggbﬁéfﬁ§ The
nunber of virtual divided 19 August 2005 -- 4 6 portions is set to 4 in’
accordance with the anount of novenent v. Simlarly, when the object -
corresponding to the foreground is noving such that it is displayed six
pixels to the left with respect to a certain frane when it is 5 positioned
in the subsequent frane, the anmount of novenment v is set to 6, and the
nunber of virtual divided portions Ts*?set to 6. Figs. 12 and 13 illustrate
the relationship of the foreground area, the background area, and the

m xed -area 10 which consists of a covered background or an uncovered

backgr oyswir t idni ot atrtee dilsaitesed iakowe friom Whenf @hegsauRdercagronent s and

t he background conponents corresponding to the divided periods of the
shutter apemeedFi §inlidadllyystuhat €oragrexadplcempdnehicchopi/¥eis eguhbe 15
foreground area, the background area, and the mxed area are extracted
from an tiordgee comtegimiungt oinpoegntund ther edghehdpigel of a26mobhact noving in
front of a stationary background. In the exanple shown in Fig. 12, the

- obj ect. l&fy dgpdiidi-nd 1t correspondgnguhid ithehbhirdnpartyonmosfnghai th 20
~respect to the screen. Franme #n+l is a franme subsequent to franme #n, and .
frame #AWEGEY dimedive fygBswhgentheoshnater#has. opemedis in.the foreground
area, the background area, and ‘

It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly}
for example, the foreground component F03/v of the seventh

10 pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the eighth
pixel from the left in Fig. 11 corresponding to the second
portion of the shutter time/v from when the shutter has

15 opened.

It has been described with reference to Figs. 9 through
11 that the number of virtual divided portions is 4. The
number of virtual divided portions corresponds.to the amount -
of movement v. Generally, the amount of movement v

20 éorresponds to the moving speed of the object corresponding
to the foreground. For example, if the object corresponding

- to the foreground is moving such that it is displayed four-
pixels to the right with respect to a certain frame when it

is positioned in the subsequent frame, the amount of

25 - movement v is set to 4. The number of virtual divided -




the m xed area are extracted fromone of franmes #n throqggw &gzﬁggzp and

t he anmount of novenent v is set to 4. A nodel 19 August. g-~ obt ai ned
by expandi ng the pixel values of the extracted pixels in the tine '
direction is shown in Fig. 13. Since . the object corresponding to the-
-foreground is noving, the pixel values in the foreground area are fornmed 5
of four different foreground conponents corresponding to the shutter
time/v. For exanple, the leftnost pixel of the pixels in the foreground
area shown in Fig. 13 consists of Fd%v; F02/v, F03/v, and F04/v. That is,
the pixels in the foreground contain nmotion blur. 10 Since the object
correspondi ng to the background is stationary, light input into the sensor

cor r espqrukitiigprds iheethaekar qundcduiidaactheishuther akbiRtdges not change.
In this case, the pixel values in the background area do not contain

noti on blawemeift The pmiixellavayyewhien the %gédtaea@régpéhaihggt@ftﬁe cover ed
background area or an uncovered background area are ornmed of foreground

‘conponerficregnmbunek Kgr mondngospehenhat Atdescaiippilapetiss gk Veixdes ovs of a
nmodel obtained by expanding in the tine direction the pixel values of the
20 pi.xelthendiedit ari¢halregpedtsideabyestdéni irampl whahi iy 9§ franmes and .
which are |ocated at the sane positions when the franes are overlapped when
t he P magesdéicasdondi hjet subhequebfefrang, nbhéngmofot ek anpremenmthen t he
i mge cqrresponding to the object is noving horizontally with respect to
t he 1s set to 6, and the number of virtual divided portions is '
set to 6.
Figs. 12 and 13 illustrate the relationship of the
foreground area, the background area, and the mixed area
10 which consists of a covered background or an uncovered
background, which are discussed above, to the foreground
components and the background componeﬁts corresponding to
the divided periods of the shutter time.
Fig. 12 illustrates an example in which pixels in the
15 foreground area, the background area, and the mixed area are
extracted from an image containing a foreground
corresponding to an object moving in front of a stationary
background. 1In the example shown in Fig. 12, the object
corresponding to the foreground is horizontally moving with
- 20 respect to the screen.
Frame #n+l is a frame subsequent to frame #n, and frame
#n+2 is a frame subsequent to frame #n+l.
Pixels in the foreground area, the background area, and

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

25 #n+2, and the amount of movement v is set to 4. A model




25 screen, pixels aligned on the screen can be "selecte August
2005 - 48 pixels aligned side-by-side. Fig. 14 iIIustrg?g@gggégéél.
obt ai ned by expanding in the tinme direction the pixels which are aligned
side-by-side in three frames of an inmage obtained by capturing an object
5 corresponding to a stationary background and which are | ocated at the
sane positions when the franmes are overlapped. Franme #n is the frane
subsequent to frame #n-1, and frame #n+l1l is the frame subsequent to frane
#n. The same applies to the other frdhes. 10 The pixel values BOL through
B12 shown in Fig. 14 are pixel values corresponding to the stationary
background object. Since the object corresponding to the background is

st at i onaibtaiiel Py @ixpadidiesy dhel paxedr +83R8R0LRItREX8kErhBLeflr ame #n-1
t hrough frame #n+l do not change. For exanple, 15 the pixel in frane #n and

the pixedidels riamehéntineoddiredtdbn tiBespaowhesnordyNg1Poesition of the pixel
havi ng the pixel value BO5 in frame #n--1 have the pixel value B05. Fig.

15 il | ustrat sinaennodel obhtat nedrbys pxia@ingd Ngo | the t Ferddreuh recti on the
pi xel's which are aligned side-by-side 20 in three franes of an inmge
obt ai neddvyingaptthei pixel whjlees dor thepfadeggotndaafesegrounsimddt s
nmoving to the right in Fig. 15 together with an object corresponding to a
st at? ona@fy foackdiddrnteatd fniteghound tomptednts ¢bersspend posgito otise when t he
frames are overl apped. The nodel shown 25 in Fig. 15 contains a covered
backgroﬁﬁ&t§ﬁ§atlme/v- For example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 13 consists of
F01/v, F02/v, F03/v, and F04/v. That is, the pixels in‘tﬁe
foreground contain motion blur.

10 Since the object corresponding to the background is
stationary, light input into the sensor corresponding to the
background during the shutter time does not change. 1In this
case, the pixel values in the backgfound area do not contain
motion blur.

15 The pixel values in the mixed area consisting of a
covered background area or an uncovered background area are
formed of foreground components and background components.

A description is given below of a model obtained by
expanding in the time direction the pixel values of the

20 pixels which are aligned side-by-side in a plurality of
frames and which are located at the same positions when the
frames are overlapped when the image corresponding to the
object is moving. For example, when the image corresponding

to the object is moving horizontally with respect to the

25 - screen, pixels aligned on the screen can be selected as the




19 August 2005 - 49 In Fig. 15, it can be assuned that J
carresponding to the foreground is a rigid body noving d%?ﬁgag&ﬁ@Fant
velocity, and that it is nmoving such that it is .displayed four pixels to
the right in the subsequent frame. 5 Accordingly, the anount of novenent v
is 4, and the nunber of virtual divided portions is 4. For exanple, the
~foreground conponent of the leftnost pixel of frame #n-l.in Fig. 15
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has 10 opened is F12/v, and?%qm?foreground conponent of the second
pi xel fromthe left in Fig. 15 corresponding to the second portion of the
shutter -tinme/v fromwhen the shutter has opened is also F12/v. The

~ f or egr oynicked@mMadrigNiedfs iides-biyhistide .pi xel fromthe left in Fig. 15
‘corresponding to the third 15 portion of the shutter tine/v fromwhen the

shutter has Fagenédd abdubheatesegrmnoadl coppabead 19§ éfeadding himpi xel from
the left in Fig. 15 corresponding to the fourth portion of the shutter :
time/ v fahembilven diifrecstiont éhehpixepsnetiaheareldi vgn@d dheefpyegi@and
. conponent of the |eftnost pixel of. frame #n-1in Fig. 15 corresponding to
t he. secdid thaeei dwasest bé ashdimage tbiteinefr by ehphut heg shutsiejedias opened
~is Fl1/v. The foreground conponent of the second pixel fromthe left in
Fi g.° 15°&reEppBAdnagteoat Reathpnarpobackgroind handwitich 25 time/v from
when the shutter has opened is_also FIl/v_ The 19 August 2005
located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same éppliés
to the other frames.
10 _ The pixel values B0l through 312 shown in Fig. 14 are
pixel values cbrrésponding to the stationary background
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in
frame #n-1 through frame #n+l do not change. For example,
15 the pixel in frame #n and the pixel in frame #n+l located at
the corresponding position of the pixel having the pixel
value B05 in frame #n-1 have the pixel value BO05.
Fig. 15 illustrates a model obtained by expanding in
the time-direction the pixels which are aligned side-by-side
20 in three frames of an image obtained by capturing an 6bject
corresponding to a foreground that is moving to the right in
Fig. 15 together with an object corresponding to a
stationary background and which are located at the same

'positions when the frames are overlapped. The model shown

25 in Fig. 15 contains a covered background area.




- 50 foreground conponent of the third pixel fromthe fal O JRhg. 15
corresponding to the fourth portion of the shutter tineygﬁhppgéﬁaﬁen the

. shutter has opened is F11l/v. The foreground conponent of the |eftnost pixel
of franme 5 #n-1 in Fig. 15 corresponding to the third portion of the
shutter tine/v fromwhen the shutter has opened is F10/v. The foreground
component of the second pixel fromthe left in Fig. 15 corresponding to
the fourth portion of the shutter tigﬁ%v fromwhen the shutter has opened
is also 10 F10/v. The foreground co nent of the leftnost pixel of
frame.#n-1 in Fig. 15 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened i-s FO9/v. Since the object

~correspondi ngnt #ighelbackgroandbesassanbanahyt tHe fafpdear ound conponent of
"the second pixel 15 fromthe left of frame #n-1 in Fig. 15 corresponding to

the fi csirnespondingf tohehehibreyround/ isf aopiwh@nbblig mbuihgrwifms opened
is BOl/v. The background conponents of the third pixel fromthe left of
- frane #&onsitant] yeloeityrr esgontlabgitt asthevingssuehdtseecond porti ons of
the shutter time/v from 20 when the shutter has opened are BO2/v. The
backgr odd§Playegofientspdkelaetbobhenr pghel ifirone t sebseduewt frame. #n-1 in
Fig. 15 corresponding to the first through third portions of the shutter
tinel v AFERTARBALY netBAuAmennhagt opeviedeat ev B9 v . aRb the foameertn- 1 in
"Fig. 15, the leftmst pixel fromthe 19 August 2005 - 51
of virtual divided portions is 4.
For example, the foreground component of the leftmost
pixel of frame #n-1.in Fig. 15 corresponding to the first.
portion of the shutter time/v from when the shutter has
- 10 opened is F12/v, and the foreground component of the second
pixel from the left in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has -
opened is also F12/v. The foreground component of the third
pixel from the left in Fig. 15 corresponding to the third
.15 portion of the shutter time/v from when the shutter has
-opened and the foreground component of the fourth pixel from
- the left in Fig. 15 corresponding to the fourth portion of
- the shutter time/v from when the shutter has opened are
F12/v.
20 The foreground component of the leftmost pixel'of_frame
#n-1 in Fig. 15 corresponding to the second portion of the
‘shutter time/v from when the shutter has opened is Fl11/v.
_The foreground component of the second pixel from the left

in Fig. 15 corresponding to the third portion of the shutter

25 time/v from when the shutter has opened is alsoc Fl1/v. The




1eft belongs to the foreground area, and the second thr eyab udiogpsi h pi xel s
~fromthe left belong to the nixed area, which is a covere g%ackground

- area. The fifth through twelfth pixels fromthe left of frane 5 #n-1 in
"Fig. 15 belong to the background area, and the pixel values thereof are
BO4 through B11, respectively. The first through fifth pixels fromthe left
in frame #n in Fig. 15 belong to the foreground area. The foreground
~conponent in the shutter tinme/v in the foreground area of 10 frame #n is
any one of FO5/v through F12/v. it caf be assumed that the obj ect
corresponding to the foreground is a rigid body noving with constant
velocity, and that it is noving such that the foreground inage is

~di spl ay b deqitoupldX ebmpbachite ofi @Rt tRithepsubsearsnt théat®rr L Fi«;{. _
Accordi ngly, the foreground conponent of ?he fifth pixel fromthe Teft of
frame #1535 wokirgspbhdiayr espendi Aguitht pexrtibhr&t PREt SRRt 0ér thinshutt er
time/v fromwhen the shutter has opened is F12/v, and the foreground

“conponefiroaf whiea thexshuptxel hhsospehed! §trin/¥ig. 15 corresponding to the
20 second portion of the shutter tinme/v fromwhen the shutter has opened

"is al so F12/9he Therégragnd unonpenponent tdfe tiheftrremedixgli ol foama t he | ef t
in Fig. 15 corresponding to the third portion of the shutter tinme/v from
wherP t hénshutineFighad5openedspoudine fordye ounitrd gnponieon of the ei ghth

pi xel 25 fromthe left in Fig. 15 corresponding to the fourth portion 19
August sSbesterspimef vt fizomhuherrthe npltyt fenmasherpenrd stautR i/ has opened

are The foreground_component of tﬁe second pixel from the left
in Fig. 15 éorreéponding to the fourth portion of the
shutter time/v from when the shutter has opened is also
10 F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background'component of the second pixel
15 from the left of frame #n-1 in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter
~has opened is B0l/v. The background components of the third
pixel from the left of frame #n-1 in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
20 when the shutter has opened ate B02/v. The background
componénts of the fourth pixel-froﬁ the left of frame #n-1
in_Fig. 15 corres?onding.to_the first through third portions
Vof the shutter time/v from when the,shutter has opened are |
BO3/v. |

25 In frame #n-1 in Fig. 15, the leftmost pixel from the




F12/v. The foreground conmponent of the fifth pixel fromiphe, Lefgpsof frane
#n in Fig. 15 corresponding to the second 5 portion of thegg%utter timel/v

from when the shutter has opened is F11/v. The foreground conmponent of the
sixth pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutter tinme/v fromwhen the shutter has opened is also F11/v. The
foreground conponent of the 10 seventh pixel fromthe left in Fig. 15
corresponding to the fourth portion qof the shutter tine/v from when the
shutter. has opened is F11l/v. The Fbﬁﬂgrbund conmponent of the fifth pixel
fromthe left of frame #n in Fig. 15 corresponding to the third 15 portion
of the shutter tine/v fromwhen the shutter has opened is F10/v. The

f or egr ourd tc teylonest tof thee foirsghoupiixakel | oanihehéesbcbid FiBrodén
corresponding to the fourth portion of the shutter tine/v from when the
shut t er floagthopdmedsi fralsehEl0e¥t Bhkofigr egrohadniosPoness, ofhidie fifth 20
pi xel fromthe left of frame #n in Fig. 15 corresponding to the fourth
porti onisf at kevelretit backgmenudf apeawhen the shutter has opened is F09/v.
Since the object corresponding to the background is stationary, the
background cBagohehth othxdreglksituel Pilk gpidelemxam tthee |leffit off ffirame #n in
Fig. 15 corresponding to the first 19 August 2005 - 53 portion of the

shutt er #prdeiy Figm %ﬁehelﬁ@‘JshQutﬂe(?' gk gopenddaisa BOBId . thiep ek gr ound

conponents of the seventh
_ values thereof are B04 through Bll, respectively.

The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foregroﬁnd
component in the shutter time/v in the foreground area of
10 -fiame #n is any one of FO05/v through F12/v.
| It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that the foreground image is
-displayed four pixels to the right in the subsequent frame.
15 Accordingly, the foreground component of the fifth pixel
from the left of frame #n in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is F12/§, and the foreground cdmponent of the
ISixth pixel frdm the left in Fig. 15 corresponding to the
20 second portion of the shutter time/v from when the shutter
has opened is also Fl12/v. The foreground component of thé
seventh pixel from the left in Fig. 15 corresponding to the
third portion of the shutter fime/v from when the shutter
~has opened and the foreground component 6f the eighth pixel

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




pi xel fromthe left of frame #n in Fig- 15 correspondi nggtaQ,,ittRokl r st and
second portions of the shutter tine/v fromb5 when the shutt 8Uthas§opened

are B06/v. The background conponents of the eighth.pixel fron1the | eft of
frame #n in Fig. 15 corresponding to the first through third portion of
the shutter time/v fromwhen the shutter has opened are BO7/v. 10 In frane
#n in Fig. 15, the sixth through eighth pixels fromthe |eft belong to the
m xed area, which is a covered background area. The ninth through twelfth
pixels fromthe left of frame #n im g 15 belong to the background area
and the pixel 15 values thereof are BOB t hrough Bl1l, respectively. The
~first through ninth pixels fromthe left in frame #n+1 in Fig. 15 bel ong

to the foF SO iy LRI LrRMBANERL ] RALNBpRRUN! alellme/y Tn

the foreground area of frame #n+l is any one of rough 2/v. 20 It
can be asguged that the object corresponding to the foreground is a rigid
body noving with constant velocity, and that it is noving such that the

foreground i nhge fosegdbtRbAYEMpbALAL PbXeLBel ithR %iﬁé'i fForh hengubsequent
frame. Accordingly, the foreground conponent of the ninth pixel 25 from

~the | ef tlefft fufameaiizt ¥n AnFFdg.135cebiresppbdiifgt ot bRel8ecfygyst 2005 - 54
first portion of the shutter tinme/v from when tﬁe shutter has opened is

- . F12/y, agrdttiee fodr ¢éheoshdtterponmey vofrohewheanthepsnettéronnghe left in
. Fig. 15 corresponding to the
opened is Fl11/v. The foreground component of the sixth
pixel from the left in Fig. 15 corresponding to the third
_portion of the shutter time/v from when the shutter has |
opened is also Fl1/v. The foreground component of the
10 seventh pixel-f;om the left in Fig. 15 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is Fl1/v.
The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the third
15 portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the sixth
pixel from the left in Fig. 15 corresponding to the fourth
~ portion of the Shutter-time/v from when the shﬁtter has
| opened is also ¥10/v. The foreground component of the fifth
20 pixel from the left of frame #n in Fig. 15 corresponding to
_ thé fourth portion of the shutter time/v from when the
"shutter has opened is F09/v.
Since fhe object corresponding to the background is

stationary, the background component of the sixth pixel from

25 the left of frame #n in Fig. 15 corresponding to the first




second portion of the shutter-time/v from when the shutqgrug,ggﬁogpened is
al so F12/v. The foreground conponent of the eleventh pixe ?ron)the | ef t
in Fig. 15 corresponding to the third portion of the shutter tinme/v from
when the shutter has opened and the foreground conponent of the twelfth
pixel fromthe left in Fig. 15 corresponding to the fourth portion 10 of
the shutter tine/v fromwhen the shutter has opened are F12/v:. The
foreground conponent of the ninth pixel] fromthe left of frame #n+l in
Fig. 15 corresponding to the second rtion of the shutter tine/v from
when the shutter has 15 opened is Fil/v. The foreground conponent of the
tenth pixel fromthe left in Fig. 15 corresponding to the third portion
of the ghutttiem ifmthe Ehamtelrer imedvs tbihetvhBasthepenatdtes Rhso F1ll/v. The
foreground conponent of the eleventh pixel fromthe left in Fig. 15

corr espopdingg tis Bl6/20 f Thet baphiygtrbandotoinhenshtst ef theesevénom when the
shutter has opened is F11/v. The foreground conponent of the ninth pixel
from t h@1xedf froft thendefh+ofi Mrhng. #25inoFigspbhdtogréspdhéitdpita portion
of the shutter time/v fromwhen the shutter has 25 opened is F10/v. The
foregroh@ Edrpénand sbcohd penthons afighbe 20@Bter 56ime/xefrdmom the | eft
in Fig. 15 corresponding to the fourth portion of the shutter tine/v from
wher? t h¥heRuther shastepehad pBenedoareOBY6/ The Tie depokgrowwhponent of the

ninth pixel fromthe |eft of frame #n+l in Fig. 15 correspondi ng
components of the eighth pixel from the left of frame #n in

Fig. 15 corresponding to the first through third portion of
the shutter time/v from when the shutter has opened are |
BO7/v.

-10 In frame #n.in Fig. 15, the sixth through eighth pixels
from the left belong to the mixed area, which is a covered
background area. | |

The ninth through twelfth pixels from the left of frame
#n in Fig. 15 belong to the background area, and the pixel
15 values thereof are B08 through Bll, respectively.
The first through nin?h pixels from the left in frame
#n+l in Fig. 15 belong to the foreground area. The
foreground component in the shutter time/v in the foreground
‘ aréa of frame #n+l is any one of F01/v through F12/v.

20 It can be assumed that the objeét corresponding to the
foreground is a rigid bédy moving with constant velocity,
and that it is moving such that the foreground image is
displayed four pixels to the right in the subsequent frame.
Accordingly, the'foreground component of the ninth pixel

25 - from the left of frame #n+1 in Fig. 15 corresponding to the




to the fourth portion of the shutter time/v from when tRg auglistidops has
opened is FO9/v. Since the object corresponding to the background is
stationary, the background conponent of the tenth pixel from the |eft of -
franme #n+1l in Fig. 15 corresponding to the first 10 portion of the shutter

“time/v fromwhen the shutter has opened is B09/v. The background
conponents of the eleventh pixel fromthe left of frame #n+1l in Fig. 15

corresponding to the first and second portions of the shutter tinme/v from
when the shutter has opened are B107 v*4 The background 15 conponents of the
twel fth pixel fromthe left of frame #n+1 in Fig. 15 corresponding to the

~first through third portion of the shutter time/v fromwhen the shutter

has operfddsar @orBlibny ofl Rt aft#erltinevdfréh whBa tRAt Bhtbeergh twel fth
20 pixels fromthe left belong to the m xed area, which is a covered

backgr olmec: apeaedFiig. F1@/ivs andodak @bregrbungecofpahest by exéracting the
foreground conponents fromthe pixel values shown In Fig. 15.° 25 Fig. 17

i |l ust r &eeghapized| fobmaithed lbfteipardyngl bncérBedpygnding00s Gife the tinme

direction the pixels which are aligned side-by-side in three franes of an
I mage oﬁﬁapnddpbytaaptaflmgeaahobterttlne/veﬁpomdwhgntbhe.$hutxpnmJnd t hat
is moving to the right in Fig. 17 together wth an object correspondi ng
to @5 HB&t PPREEY BEc Réﬁ@uﬁdﬂéﬁd whhe hfaregtrogad edomponémt safreche

eleventh pixel from the left in Fig. 15 corresponding to the
third portion of thé shutter time/v from when the shutter
has opened and the foreground component of the twelfth’piiel
from the left in Fig. 15 corresponding to the fourth portidn

‘10 of the shutter time/v from when the shutter has opened are
Fl12/v.

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

15" opened is F11/v. 'The foreground component of the tenth
pixel from the left in Fig. 15 corresponding to the third
portion of the shutter time/v from when the shutter has
opened is also Fll/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to the

20 fourth portion of the shutter‘timé/v from when the shutter
has opened is Fll/v.

| The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the third |
portion of the éhutter time/v from when tﬁe shutter has

25 .opened is F10/v. The foreground component of the tenth




positions when the frames are overlapped. The nodel showgauybstdods 17
contai ns an uncovered background area. In Fig. 17, it can bé assuned t hat

t he object corresponding to the foreground is a rigid body noving with 10
constant velocity, and that it is noving such that it is displayed four
pixels to the right in the subsequent frame. Accordingly, the amunt of
novenment v is 4. For exanple, the foreground conponent of the |eftnost

pi xel of frame #n-1 in Fig. 17 corresponding to the first 15 portion of
the shutter tinme/v fromwhen the shutt®er has opened is F13/v, and the
f.ooreground conponent of the second pixel fromthe left in Fig. 17
corresponding to the second portion of the shutter tinme/v fromwhen the

shutt er piaxel dpenedhes 1alfso inl®iy. Tbecberegponaingoopoorat reirthe third 20
pi xel fromthe left in Fig. 17 corresponding to the third portion of the
shut t er poiovg/on forforvhehehuthershimeér Hasm wpenethansghbbeef oiggr ound
conponent of the fourth pixel from the left in Fig. 17 corresponding to
t he foupplenedr tisomalsb FillBévshuTher foregruufid ovompenetbeoshtili¢ etidids opened
are 25 F13/v. 19 August 2005 - 57' The foreground conponent of the second
pi xel f padwelhdrometheofleftant f£namei fnFlginlFigortespondesppidindie first
portion of the shutter time/v fromwhen the shutter has opened is Fl4/v.
The X or €gr 8b6d fesrpbneartéent 9é therghstpexetime Hm f1em |Wien jtheri g. 17
corresponding to the second gortion of the shutter time/v fromwhen the
shut t erSR4tter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background component of the tenth pixel from
the left of frame #n+l1 in Fig. 15 corresponding to the first
10 portion of the shutter time/v from when the shutter has
opened is B09/v. The background components of the eleventh
pixel from the left of frame #n+l1 in Fig. 15 corresponding
to the first and sécond portions of the shutter time/v from
when the shutter has opened are B10/v. The background
‘15 components of the twelfth pixel from the left of frame #n+l
in Fig. 15 corresponding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bli/v.
In frame #n+l in Fig. 15, the tenth through twelfth
20 pixels from the left belong to-the_mixed area, which is a
covered background area.
Fig.‘16 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.

15..

25 | Fig. 17 illustrates a model obtained by expanding in




opened is also Fl4/v. The foreground conponent of the tRigiaghgudioggs fromthe
left. in Fig. 17 corresponding to the first portion of the Shutter tine/v
from when the shutter has 10 opened is F15/v. Since the object )
corresponding to the background is stationary,-the background conponents
of the leftnost pixel of frame #n-1 in Fig. 17 corresponding to the second
through fourth portions of the shutter tinme/v fromwhen the shutter 15 has
opened are B25/v. The background conmponents of the second pixel fromthe
left of frame #n-1 in Fig. 17 corrééﬁbﬁding to the.third and fourth
portions of the shutter tinme/v fromwhen the shutter has opened are B26/v.
The background conponent of the third pixel fromthe left of 20 frame #n-1
in Fig. the edmeespgeditignt @hkhpikeust Whpent ipa 8fighbe shabiey-éide/ v from
‘when the shutter has opened is B27/v. In frame #n-1 in Fig. 17, the
| ef t nostinpitheleet framgh blfeahhimdgpi sbtabeéangyt Gapber o esn asEfectni ch is
an uncovered background area. 25. The fourth through twelfth pixels from
‘t he | ef toafresp@ndigysto280ForegBouhdatkatnid moving. td7chel ohght oid he
foreground area. The foreground conponent of the franme is any one of F13/v
t hr ough¥R24/ 17 Thgetbermeithpanebbfjerougbrréspdémdindg péx@l fromthe 5 |eft
of frame #n in Fig. 17 belong to the background area, and the pixel values
“t her®eof s&p&1BR8ryhbackreesd andspeich vty located at the same
positions when the frames are overlapped. The model shown
in Fig. 17 contains an uncoveréd background area.
In Fig. 17, it can be assumed that the object
corresponding to the foreqround is a rigid body moving with
10 constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4.
For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 corresponding to the first
15- portion of the shutter time/v from when the shutter has
opened is F13/v, and the foreground component of the second
- pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also F13/v. The foreground component of the third
20 pixel from the left in Fig.'17 corresponding to the third
portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from
the left in Fig., 17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are

25  F13/v.




It can be assuned that the object corresponding to the 1§g{g&&@@ﬂg is a
rigid body noving with constant velocity, 10 and that it novi ng such
that it is displayed four pixels to the right in the subsequent frane.
Accordingly, the  foreground conponent of the fifth pixel fromthe left of
frame #n in Fig. 17 corresponding to the first portion of the shutter
. time/v fromwhen the shutter has opened is F13/v, 15 and the foreground
~conponent of the sixth pixel fromthe_ |I|eft in Fig. 17 corresponding to the
second portion of the shutter tine/ P4 rom when the shutter has opened is
al so F13/v. The foreground conponent of the.seventh pixel from the |eft
in Fig. -17 corresponding to the third portion of 20 the shutter tine/v from .

when the ShUTh@rfbﬁégﬁ@@ﬂ'@Cb@(ﬁ%oﬁ@ﬁt dPree b rPrpoRents Qfn tdi i ghth
pixel. fromthe left in Fig 7 corresponding to the fourth portion of the

shutt er lefitme/fy firhem when thersgut Lercbaseopeneingreo FRé veidde foreground
conponent of the sixth pixel fromthe 25 left of franme #n in Fig. 17

cor r esp@aditrignt oft hbhef shatté® Aigegy 206h whé&d tperdhwrcef Hdwe shutter
time/v fromwhen the shutter has opened is F14/v. The foreground conponent
of the spesethispFiélvirofthehEotrefroumd Regmpdifecorssytondilnigd o t he second
portion of the shutter tine/v fromwhen the -shutter has 5 opened is al so
F14/%. Phageflofegmobhe tefibohenfFigf ihecoxieppdndineltd rohe tdeedmeft in Fig.

17 corresponding to the first portion of the shutter tinme/v fromwhen the
1shutterPoﬁﬁéObp@ﬁeﬁhesSF45¢Qr time/v from when the shutter has
opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
10 opened is F15/v.

Since the object correspoﬁdiﬂg to the background'is
stationary,-the backgroﬁnd componénts of the leftmost pixel
of frame #n~1 in Fig. 17 corresponding to the second through |
fourth portions of the shutter time/v from when the shutter

.15 has opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 17
corresponding to the third and fourth portions of the
shutter time/v from when the shutter has opened are B26/v.
The background component of the third pixel from the left of

20 frame #n-1 in Fig. 17 cbrrésponding to the fourth pqrtion of
the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in Fig. 17, the leftmost pixel through

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

25 The fourth through twelfth pixels from the left of




- Since the object corresponding to the background is 104§hgbi, 8386y, the
-background conmponents of the fifth pixel fromthe left of Tranme #n in Fig.
17 corresponding to the second through fourth portions of the shutter
time/v from when the shutter has opened are B29/v. The background
“.conponents of the sixth pixel fromthe left of frame #n in 15 Fig. 17
corresponding to the third and fourth portions of the shutter tinme/v from
when the shutter has opened are BSQ/g The ‘background conponent of the
seventh pixel from the left of frame"#n in Fig. 17 corresponding to the
fourth portion of the shutter tinme/v fromwhen the shutter has 20 opened
is B31/v. In frame #n in Fig. 17, the fifth pixel through the seventh '
pi xel frigimendin-df titbéligng 1t/o beflenk) xed threforehirohndi araa. uncaser ed
background area. The eighth through twelfth pixels fromthe left of 25
frame #fhegQund zogwonegtt oft hbef dregeoisdaayeaneThé 193August 2005 60
value in the foreground area of franme #n corresponding to the period of

_ the shutt®Padm@&2#/vs any one of F13/v through F20/v. The |eftnost pixel -
t hrough the ej ixel fromthe 5 left of franme #n+1l in Fig. 17 belong to

“the backgrouﬁaggigﬁgmoﬁhdpiﬁﬁlp?&%¢U9@Jth% fperidofpiarel B2%m Miteugh B32,
respectively. It can be assuned that the object corresponding to the
fore ro&ﬁ%kigfafFP&Fd#Bo&V Fdgr n§7whehoranke ahbe Verokyrgund area,

o ang_the pixel values thereof are B25 through B28,
respectively.

It can be assumed that the object corresponding to the
foreground is a rigid bpdy_movihg with constant velocity,

;O and that it is moving such that it is disﬁlayed four pi#els
to the right in the subsequent frame. Accordingly, the
foreground component of the fifth pixel from the left of
frame #n in Fig. 17 corresponding to the first portion of
the shutter time/v from when the éhutter has opened is F13/v,

15 and the foreground component of the sixth pixel from the
left in Fig. 17 corresponding to the second portion of the
shutter time/v from when the shutter has opened is also
F13/v. The foreground component of the seventh pixel from
the left in Fig._l? corresponding to the third portion of

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

The_foregrouhd component of the sixth pixel from the

25 left of frame #n in Fig. 17 corresponding to the first




10 and that it is noving such that it is displayed four9iagghst 2bgst he right
in the subsequent frame. Accordingly, the foreground conponent of the
ninth pixel fromthe left of frame #n+l in Fig. 17 corresponding to the’
first portion of the shutter time/v fromwhen the shutter has opened is
F13/v, 15 and the foreground conponent of the tenth pixel fromthe left in
- Fig. 17 corresponding to the second portion of the shutter tine/v from
when the shutter has opened is also F13/v. The foreground conponent of the
el eventh pixel from the left in Fig5917 corresponding to the third portion
of 20 the shutter tinme/v fromwhen the shutter has opened and the
foreground conponent of the twelfth pixel fromthe left in Fig. 17

cor r espaditibn Ot Reel BHGERPOL i@ PvOErbiCwRBH LRE shafBLY %&Qm when the
shutter has opened are F13/v. The foreground conponent of the tenth pixel

from t hepeded akt Fol /i am@héntdrbfrbufd  ddnSOREREPOPIHRE $&vdhenfirst 19
August 2005 61 portion of the shutter tinme/v fromwhen the shutter has

~opened ipdxel4/fromThBel Deegr oHNEigONPPNESEr85pbh@i gy eveNtle - Pbxslg from the
left in Fig. 17 corresponding to the second portion of the shutter tinme/v

from wheprtlienshiit the Shstteb dpeagd fsoml wlerldhe . shbecdoregs ound
conponent of the twelfth pixel fromthe left in Fig. 17 corresponding to
t he 5i r opepedt ionadsot hed Shut t Bhe t fordyrdumdn odmgporidre: shfitiles  has opened
is-F15/v. Since the object corresponding to the background is 10
stati Qnaighthhgibabkgr@mnm@oh@ﬁnem sFif. the quomtdspinding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v. |
Since thé object correspdnding to the background is
10 stationary, the background components of the fifth pixel
from the left of frame #n in Fig. 17 correspoﬁding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background
components of the sixth pixel from the left of frame #n in
15 Fig. 17 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are
B30/v. The background component of the seventh pixgl from
the left of frame #n in Fig. 17 corresponding to the fourth
'portion of the shutter time/v from when the shutter has
20  opened is B3l/v. |
In frame #n in Fig. 17, the fifth pixel through the
seventh pixel from the left belong to the mixed area, whichl
is an uncovered background area.

The eighth through twelfth pixels from the left of

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




fromthe left of frame #n+l in Fig. 17 correspondi ng to44hg, uﬁ%@@@d t hr ough

fourth portions of the shutter tinme/v from when the shutte? as opened are
B33/v. The background conponents of the tenth pixel fromthe left of frame
#n+1l in 15 Fig. 17 corresponding to the third and fourth portions of the
shutter tinme/v fromwhen the shutter has opened are B34/v. The background
conponent of the eleventh pixel from the left of franme #n+l in Fig. 17
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter 20 has opened is B35/v. |7 f%me #n+1 in Fig. 17, the ninth
"~ through eleventh pixels fromthe left in Fig. 17 belong to the m xed area,
whi ch is an uncovered background area. The twelfth pixel fromthe |eft of

frame #nvelluen ik ¢he Torikgrbendngsehootherbneegnoybdraspandlhg £6reground
conponent 19 August 2005 - 6 2 - in the shutter tinme/v in the foreground

~area of theaperiodl ofi $hanghoneeaf tEh8/vhisughyFdfie 6ESPESYVEhYoudh 9. 18
illustrates a nodel of an inmage obtained by extracting the foreground
“conpone2d /f.-om t he pixel values 5 shown in Fig. 17. Referring back to
Fig. 2, the area specifying unit 103 specifies flags, indicating to which
~of.a foregrolhg bettmost poxklriurehigh ezhe seigivien quliek kiyraaurtthear ea, or an
~uncovered background area the individual pixels of the input inmge 10
bel ohg B¢ftisPhgiraeepinel al Eég- ol 7 abplonal toythé Hackgsoundimreuippl i es
t he flags to the m xture-ratio calculator. 104 .
nd the pixel values thereof are B25 through B32,
respectively. |
It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
-10  and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the ninth pixel from the left of
frame #n+1 in Fig. 17 corresponding to the first portidn of
the shutter time/v from when the shutter has opened is F13/v,
15 and the foreground component of the tenth pixel from the
left in Fig. 17 corresponding to the second portion of the
shutter time/v from when the shutter has opened is also
F13/v. The foreground component of the eleventh pixel from
the left in Fig. 17 corresponding to the third portion of
20 the shutter time/v from when the shutter has opened and the
foreground component of the twelfth pixel from the left in
'Fig. 17 corresponding to the fourth portion of the shutter -
time/v from when the shutter has opened are F13/v.

The foreground component of the tenth pixel from the

25 left of frame #n+l1 in Fig. 17 corresponding to the first




and the notion-blur adjusting unit 106 as the area infegppgiRn00dhe

m xture-ratio cal culator 104 cal culates the m xture 15 ratio a'for each:-
pi xel contained in the m xed area based on the pixel values of a plurality
of frames and the area information, and supplies the calculated m xture
ratio a to the foreground/ background separator 105. The

f or egr ound/ background separator 105 extracts the 20 foreground conponent

i mage consisting of only the foreground conponents based on the pixel
values of a plurality of frames, the®rea information, and the nixture
-ratio a, and supplies the foreground conponent image to the notion-blur
adjusting unit 106. 25 The notion-blur adjusting unit 106 adjusts the

amount 1, AUGHS 2@ shbtder @himBPY ePok! HhehORhS! 8RAL L8, tigs f Or eground

conponent image based on the foreground conponent i1mage supplied fromthe
for egr owpd/nackgr eyadvsepanat Qbré@?ouhbecaﬁ?bﬁén{{eﬁtf Ofh& UpPev &k i rom t he

~notion detector 102, and the area™5 infornmation supplied fromthe area

“speci f yipigeanifrohO3heandrtt hﬁnFle PuY scbhpebpbRYLAY NEL CORNP O EMnd Mage i n
which notion blur is adjusted. The processing for adjusting.the anount of.
‘notion lploutiopebforhedshyttbe sigaal profesheénJtRO PN @ttsr imaglescri bed 10

below with reference to the flowhart of Fig. 19. In step Sl1, the area
speci f yopgnedi is18B8sexPtates arka specgiyumnd component of the
| twelfth pixel from the left in Fig. 17 corresponding to the
first portion of the shutter time/v from when the §ﬁutter
has opened is F15/v. |
Since the object corresponding to the background is
10 stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 17 corresponding to the
second through fourth portions of the shutter time/v ffom
when the shutter has opened are B33/v. The background
components of the tenth pixel from the left of frame #n+l in
15 Fig. 17 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has -opened are
B34/v. The background component of the eleventh pixel from
the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter
20 has openéd is B35/v.
In frame #n+l in Fig. 17, the ninth through eleventh
pixels from the left in Fig. 17 beloﬁg to the mixed area,
- which is an uncovered background area.
The twelfth pixel from the left of frame #n+1 in Fig.

~25 17 belongs to the foreground area. The foreground component




processing, based on an input image, for generating areagAgi&r7gaki on
indicating to which of a foreground area, a background area, a covered
background area, or an uncovered 15 background area each pixel of the input
i mge bel ongs. Details of the area specifying processing are given bel ow

- The area specifying unit .103 supplies the generated area information to
the m xture-ratio calculator 104. In step S11, the area specifying unit 103
may generate, 20 based on the input immage, area information indicating to
whi ch of the foreground area, the backyground area, or the mxed area
(regardl ess of whether each pixel belongs to a covered background area or
an uncovered background area) each pixel of the input inmage belongs. In

this casiy tite Sdmtfreregriaerd/ Hackgeototegepandt arei06rangdanbesa®t i on- bl ur

- 19 August 2005 - 64 adjusting unit 106 determ ne based on the direction of
the notisoranecer ofthetiBerthirbaghi ¥ed,areapestavedyer ed background area or
an uncovered background area. For exanple, if the input inage is disposed

- in the orderFaf.the fidlegtoahdsanemodsl tbf am xiamhgs eshtaainted gy backgr ound
.area in the direction of the notion vector, it is determned that the

m xed aredirastdngcdher doriegrkgndundmporentsf froe theupixehgealwsesli sposed in

the order of the background area, the m xed area, and the foreground area

in the &howa: ion¥ap-t A&-notion vector, it is 10 determned that the mi xed

area is an uncovered background area. In step S12, the mixture-ratio
" cal cul ator 188ferring back to Fig. 2, the area specifying unit 103

specifies flags‘indicating to which of a foregrOund area, a
background area, a covered background area, or an uncovered
background area the individual pixels of the input image
10 belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture-ratio calculator 104
and the motion-blur adjusting unit 106 as the area
information. |
The mixture-ratio calculator 104 calculates the.mixture
15 ratio a for each pixel contained in the mixed area based on
the pixel values of a plurality of frames and the area
information, and supplies the calculated mixture ratio a to
the foreground/background separator 105.
The foreground/background separator 105 extracts the
20 foregrohnd component image consistingrbf only the foreground
components based on the pixel values of a piurality of
frames, the area information, and the mixture ratio o, and
supplies the foreground component image to the motion-blur
adjusting unit 106. |

25 The motion-blur adjusting unit 106 adjusts the amount




cal cuI ates the m xture rat| o a for each pixel contained4gpyatiteodsxed area
based on the input inmage and the area 15 infornation. Detalﬁs of -t he '
m xture ratio cal cul ating processing are given below. The nixture-ratio-
calculator 104 supplies the calculated m xture ratio a to the

f or eground/ background separator 105. In step $13, the foreground/background
separator 105 20 extracts the foreground conponents fromthe input inmge:
based on the area information and the mixture ratio a, and supplies the

f oreground conponents to the notiom B3 adjusting unit 106 as the
foreground conponent image. In step S14, the notion-blur adjusting unit 106
25 generates, based on the notion vector and the area 19 August 2005 65

i nf or matd oottt Widr SbnRHARSASHAJ thBakoi-BEr6ahaSchitfo Bgﬁ' iﬂnQQé of
consecutive pixels disposed in the noving irection 8 el ongrng to any

of the unaaverad theckpredrduaneaombbieher Qﬂé@énguﬁbfﬁedaﬂﬂoﬁlh@héover ed

‘background area, and adjusts the anount of notioh blur contained in the

'foregrOlﬂ%ﬁrmﬁﬁmﬂe’mﬁa&kg@buﬁapeagaagtb@ 1bs, uphé RELiPHOGESEHAY. Details of
t he processing for adjusting the anount of notion blur are given below. In

step Sl5uppidesi gmah phecmesiog appecsbusioe] e nese 1Qraket her the
processing is finished for the whole screen. If it is determned that the

prod@ssumgomummabnfsupphmddfﬁrohhﬁhewhné& speckhy indeapi ©CE®S, pimteeds to
step 514, and the processing for adjustingthe anount of notion blur for the
then outputs the foreground component image in which motion
blur is adjusted.. | | |
' The processingiqu adjustiné-the amount of motion blur
performed by the signal processing apparatus is described
10 below with reference to the flowchart of Fig. 19. 1In step
S11, the area specifying unit 103_execﬁtes area specifying
pro¢essing, based on an input image, for generating area
information indicating to which of a foreground area, a
- background area, a covered background area, or an uncovered
15 background area each pixel of the input image belongs.
Details of the area specifying prodessing are given below.
- The area specifying unit:103 supplies the generated area
information to the mixture-ratio calculator 104.
- In step Sll;'the area specifying unit 103 may generate,
20 based on the input image, area information indicating to
which of the foreground area, the background area, or the
mixed area (regardless of whether each pixel belongs to a
covered baqurouhd area or an uncovered background area)
each pixel of the inpﬁt image belongs. In this case, the

‘25 foreground/background separator 105 and the motion-blur




f oreground conponents corresponding to the unit of 15 PHORLHI4DIPO5 S
repeated. If it is determned in step S15 that the processing is finished

.for the whole screen, the processing is conpleted. |In this manner, the

si gnal processing apparatus is capable of adjusting the anmount of notion

- blur contained in 20 the foreground by separating the foreground and the

background. That is, the signal processing apparatus is capable of

adj usting the anmount of notion qu[_qﬁQtained in sanpled data indicating

“the pixel values of the foreground  pixels. 25 The configurati on of each of

the area specifying unit 19 August 2005 - 66 103, the m xture-ratio

cal cul-ator 104, the foreground/ background separator 105, and the

not i on- Edpus tddigusiniittg 1061 HeteGminedbasetbed brEodir&cgioROofsthRebl ock

~diagramillustrating an exanple of 5 the configuration of the area ,
speci f yimeg iomi vetd®r Whetherathepmixeyi ageanis 408csbped backygourd does
not use a notion vector. A frame nenory 201 stores an input inmage in units

of fram@Feanpdn aphancatgsetobbekgrosedsadeas fFaneekamplae ifrone nenory
201 stores frane #n-2, which is the frane two 10 frames before franme #n,
frame #APPuty,Apage; 4st 4dsppand dRetherandebedbriohéer Gopegnouhd aaeedn, frame
#n+l . which iis the frane one frane after frame #n, frame #n+2, which is
the 2 frihe migerr angs. afRer theaheckgrowndareanin e hgedeten rehi ng

portion %02-1 reads 't he S . ) .
. the motion vector, it is determined that the mixed area is a

-coﬁered background area. If the input image is disposed in
 the order of the background area, the‘mixed area;.and ther
foreground area in the direction of the motion vector, it is

| 10 determined that the mixed area is an uncovered background
area.

In step S12, the mixture-ratio calculator 104
calculates the mixture ratio o for each pixel contained in
the mixed area based on the input image and the area

15 information. Details of the mixture ratio calculating
processing are given beiow. The mixture-ratio calculator
104 supplies the calculated mixture ratio o to the
foreground/background separator 105.

In step S13, the foreground/background separator 105

20 extracts the foreground components from the input image
based on the area information and the mixture ratio a, and
supplies the foreground éomponents to the motion-blur
adjusting unit 106 as the foreground component image.

In step S14, the motion-blur adjusting unit 106

25 generates, based on the motion vector and the area




15 pixel value of the pixel of frame #n+2 located at thegaaHRsto@Bsi tion as
a specific pixel of frame #n in which the-area to which thé pixel bel ongs
is. determ ned, and reads the  pixel value of the pixel of frame #n+l

| ocated at the same position of the specific pixel of frane #n fromthe
frame 20 menory 201, and cal cul ates the absolute value of the difference
bet ween the read pixel values. The stationary/noving determ ning portion
202-1 determ nes whether the absolute value of the difference between the
pi xel val ue of frame #n+2 and the pi ®& -val ue of frame #n+1 25 is greater
than a preset threshold Th.. If it is determ ned 19 August 2005 - 67 that
the difference is greater than the threshold Th, a stationary/noving

- det er m datfioemaitidh¢athegunieVbRgprb8esSURE! B8t Pn@iicAF €8 €gd er ni ning
portion 203-1. If it-is determned that the absolute value of the

~di f f er epos ihdbneentScbheepukevevplinel of difgopedein ofné raseidgg+2 and the

pi xel value of the pixel of frame #n+l is snaller than or equal to the

t hr eshoddrehtibheandabebongyhgovo ngnyled £ théi McPestédbadfprdurtdippl i es a
stationary/ noving determination indicating "stationary"” to the area

det er m ARG, pbhei boregBodnd 18rda st and ovlse y¢owar el Ioked lefrdumdigaes,ti on 202- 2
reads the pixel value of a specific pixel of frame #n in which the area

t o whi cAnghadpusies be¢ongsunt cdbtrenioredlundoradndden pihel val ue of the
pi xel % of frame #n+l | ocated at the sane position as the specific pixel of
frane #ECFEOROUNE ¢ompenantseerrIesndiag toaltthd atres tdfe absol ute val ue of

t he
. processing. Details of the processing for adjusting the

amount of motion blur are given below.
Inlstep §15, the'signal-processing‘apparétﬁs-determines _
10 whether the processing is finished for the whole screen. If
| it is deﬁermined that the processing is‘not-finished for the
whole screen, the process proceeds to step S14, and the

processing for adjusting:the amount of motion blur for the

foreground components corresponding to the unit of

15 processing is repeated.

If it is determined in step 315 that the processing is
finished for the whole screen, the processing is completed.

In this manner, the signal processing apparatus is
capable of adjusting the amoﬁnt of motion blur contained in

20 the foreground by separating the foreground and the
baékgrouhd. That is, the signal processing apparatus is
capable of adjusting the amount of motion-biur contained in
sampledrdata indicating therpiiel values of the foreground
- pixels.

25 The configuration of each of the area specifying unit




difference between the pixel values. The stationary/movigg,gd&i-epgi ni ng
portion 202-2 determ nes whether the absolute value of the difference

bet ween the pi xel value of frame #n+1 and the pixel value of frame #n is
greater than a 20 preset threshold Th. If it is determ ned that the
absolute value of the difference between the pixel values is greater than
the threshold Th, a stationary/noving determ nation indicating "noving" is
supplied to the area determning portion 203-1 and an area determ ni ng
portion 203-2. If it 25 is determi med®&hat the absol ute value of the

‘difference 19 August 2005 - 68 between the pixel value of the pixel of

frame #n+l and the pixel value of the pixel of frame #n is smaller than or
equal t o310 i anfithitellhatlibe c8habaRLy 18Ry Rgedet ermining portion 202. 2
supplies a stationary/noving determnation 5'indicating "stationary” to the

ar ea detfRyri¥gHothdyWaldkgoddd sbpahdtbie 195¢aadat hBI RbRYoRAPILPN 203-2. A
stationary/noving determ ning portion 202-3 reads the pi xel value of a

speci f i adgwstlingf uinidne o¥n isnawbicehbbRebedba-t o which the pixel belongs is

determ ned, and reads the 10 pi xel value of the pixel of frame #n-1 | ocated
at the sanme Fpgsi 2Donsas bbeckpeLadiempiXehsofati itneddnpie tde frane

“menory 201, and cal cul ates the absolute value of the difference between

t he i x¢&hevabudiguThe ishabifonheyaneui sgeclléyenygi ahiyg po3!i orh@02rda
‘det erm nes whether the absolute 15 value of the difference between the
pi xel - vépeelfyihgameifnl0andhoke pnxEigvalGedoésfnatrensw-4 met gyeat er t han

a preset
vector. A frame memory 201 stores an input image in units
of frames. When the image to be processed is frame #n, the
frame memory 201 stores frame #n-2, which is the frame two
10 frames before frame #n, frame #n-1, which is the frame one
frame before frame #n, frame #n,_fréme #n+l1, which is the
| frame éne frame after frame #n, frame'#n+2, which is the
.frame two frames after frame #n.
A stationary/moving determining portion 202-~1 reads the
15 pixel value of the pixel of frame #n+2 located at the same
position as a specific pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at the same
positioﬁ of the specific pixel of-framé #n from the frame
20 memory 201, and calculates the absolute value of the
difference between the read pixel values. The
statlonary/moving determining portion 202-1 determines
whether the absolute value of the difference'betwegn the

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

~ 25 is greater than a preset threshold Th. If it is determined




“threshold Th. If it i'S determined that the absol ute val yg AugfisttoBs

di fference between the pixel values is greater than the threshold Th, a
stationary/ noving determ nation .20 indicating "noving" is supplied to
the.area determning portion 203 2 and an area determ ning portion 203-3.
If it is determned that the absolute value of the difference between the
pi xel value of the pixel of franme #n and the pixel value of the pixel of
frame #n-1 i's smaller than or 25 equal_to the threshold Th, the

‘stationary/ noving determ ning 19 Augd%%'QOOS - 69 portion 202-3 supplies a

stationary/ noving determination indicating "stationary" to the area
determ ning portion 203- 2 and the area determ ning portion 203-3. A

~stati onamdthmtiend id¢egenicei ig geehiter 283n4theadfirbhRo1® Ph)xey val ue of the

pi xel of frame #n-1 |ocated at the same position as a speC|f|c pi xel of

frame #mtatﬂdm&ﬁy/mhﬁlageaetéﬁmmhatﬂohhQnﬁh&@tlhg|Gﬂgﬁlh §»deserm ned, and
Teads the pixel value of the pixel of frame #n | ocated at the sane

posi ti osugpliiled $peanf acepi deteohihtagepgptionnpobelframre 10 renory 201,

and cal cul ates the absolute value of the difference between the pixel

val ues. deftergtiaedonhay/ tbei agsolieter mahuagopothé odi 2OPrdncletissiniaes whet her
the absolute value of the difference between the pixel value of franme #n-
1 and t kéeppiarlvanlveodtf theepined 06 frameetnthamad fregeixdb t hreshol d
Th. If it_is determned that the absolute value of the difference between
t he plxgﬁlgﬁlﬁésthé Bieal cpf t fsame t hietl hiestroa Ylah, thamstat ionsml /tovi ng

deternlnﬁe threshold Th the stationa
_ p ry/moving determlnlng portion
202-1 supplies a statlonary/mov1ng determlnatlon indicating
- "stationary" to the area. determining portion 203-1.
i0 A stationary/moving determining portion 202-2 reads the
pixel value of a specific pixel of frame #n in which the
area to which the pixel belongs is determined, and reads the
pixel value of the pixelQOf frame #n+l located at the same
position as the specific pixel of frame #n from the frame
15 ﬁemory 201, and calculates the absclute value of the
difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absolute
‘value of the difference between the pixel value of frame
#n+1 and the pixel valﬁe of frame #n is greater than a
20 preset threshold Th. If it is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a stationary/moving determination
indicating "moving" is supplied to the area determining
portion 203-1 and an area determining-portioﬁ 203-2. If it

25  is determined that the absolute value of the difference




i ndicating "nmoving" is supplied to the area determ ning 1 03-3. If
it is determ ned that the absol ute value 20 of the diffé?gﬁggﬁgggéeen t he
_ pi xel value of the pixel of- frame #n-1 and the pixel value of the pixel of
frame #n-2 is smaller than or equal to.the threshold Th, the :
stationary/ moving determi ning portion 202-4 supplies a stationary/noving
determ nation indicating "stationary" to 25 the area deterni ning portion
203-3. 19 August 2005 - 70 Wen thedé{ationary/noving determ nation
supplied fromthe stationary/ noving €rm ning portion 202-1 indicates
"stationary" and when the stationary/noving determ nation supplied from
~the stationary/noving determning portion 202 .5 2 indicates "noving", the
ar ea detlrtwesmnghpoptiixe] 203wk odet@knpigsit bat fihnespaslf hadpikel of frane
~ #n belongs to an uncovered background area, and sets "1", which indicates
t hat t hepisgedcivlRilmepiofelthieelpdxgd bd dmwamec@veiedshatkgrouhdn area, in an
uncover ed- background-area deternmining flag 10 associated with the specific
-pi xel . Wl fe shat thwashodoyThg dbeestabhabnany émppingddéterminime
stationary/ noving determning portion 202-1 indicates "noving" or when the
st at i on®OFhon 3f2ddt supPiaeson ssappbhedyfmovingedstarndnatgmovi ng
determ ning portion 202 15 2 indicates "stationary", the area specifying
uni t2 203 icaéiapni' fEatinapryfetepbbef frepi seteoriningepant toes2tibt  bel ong
t o an uncovered. background area, and sets "0", which indicates that the
speci fid pPdefhgoasenotebersiping partion 203-2.

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

10 pixel value of the pixel of frame #n—l located at the same
position as the specific pixel of frame #n from_the'frame
memory 201, and calculates the absolute value of the
differenée between the pixel values. The stationary/moving
determining portion 202-3 détermines whether the absolute

15 wvalue of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 is greater than a preset
threshold Th. If it is determined that the absolute value
of the difference between the pixel values is greater than
the threshold Th, a stationary/mdving determination

20 indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203-3. If it
is determined that the absolute value of the difference
between the pixel value of the pixel of frame #n and the
pixel value of the pixel of frame #n-1 is smaller than or

25 equal to the threshold Th, the stationary/moving determining




uncovered background area, in the uncovered-background- qggﬁ 44 2864 er m ni ng
flag associated wth the specific pixel. The area deternlnlng portion

203-1 supplies the uncovered-background-area determining flag in which "1"
or "0" is set as discussed above to a deternining-flag-storing frane
menory 204. 25. Wen the stationary/noving determ nation supplied from 19
August 2005 - 71 the stationary/noving determning portion 202-2 indicates
"stationary" and.when the stationary/noving determ nation supplied from

t he stationary/ novi ng determ ning ﬁbﬁ@iﬁn 202- 3 indicate "stationary", the
area determning portion 203-2 5 determ nes that the specific pixel of
frame #n belongs to the stationary area,- and sets "1", which indicates
that theorieel 2lbel-gngapha itBeassaht08as ¥y azh@amgnd@témim@@ﬁcsxy area
determning flag associated with the speC|f|c pi xel . Wen the

st at i ondm@imatiing detteltr_’fbmah:yontsuapbl gtled r@@teﬁ:ﬂlﬁh@g spait¢ Daryd 3ovi ng
determ ning portion 202-2 indicates "noving" or when the stationary/ noving

~det er m 2aandn theuppkaedeteamihhegspattbo@r ¥yé3oy¥i ng determ ni ng portion 202-
3 indicate "noving", the area determ ning portion 203-2 determ nes that
the specifi cApskatiohafynevimg dbetsemmuin ity pedmmiprt @hd stemtdsortdwey ar ea,
and sets "0"., which indicates that the pixel does not belong to the
st atd onpigedr valupnofhthst pikehaey - firame din-el Motaked |aly Ussormt ed with
the specific pixel. The area determning portion 203-2 supplies the

position as a specific pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n-2 located at the same
‘position és the specific pixel of ffame #n from the frame

10 memory 201, and calculates the absolute value of the

difference between the pixel values. The stationary/moving

determining portion 202-4 determines whether the absolute

value of the difference between the pixel value of frame #n-

_‘1 and the pixel value of frame #n-2 is greater than a preset
15 threshold Th. If it is determined that the absolute value
of the difference between the pixel values is greater than
the threshold Th, a stationary/moving determination
indicating "moving® is supplied to the area determining
portion 203-3. If it is determined thai the absolute value
20  of the difference between the pixel value of the pixel'of
frame #n-1 and the pixel value of the pixel of frame #n-2 is
smaller than or equal to the threshold Th, the
stationary/moving determining portion 202-4 supplies a
stationary/moving determination indicating "stationary" to

25 the area determining portion 203-3.




20 stationary-area deternining flag in which "1" or "0" 15864t 2088

di scussed above to the determ ning-flag-storing frame nenory 204. \Wen the
stationary/ movi ng determ nation supplied from the stationary/ noving '
‘determ ning portion 202-2 indicates 25 "novi ng" and when the

stationary/ noving determ nation 19 August 2005 - 72 supplied fromthe
stationary/ noving determ ning portion 202- 3 indicate "noving", the area

determ ning portion 203-2 determ nes &hat the specific pixel of frame #n

bel ongs to the noving area, and sets’% 1", which indicates that the 5

specific pixel belongs to the noving area, in a noving-area determ ning
flag associated wth the specific pixel. Wen the stationary/ novi ng

det er mi nat i owhempphiced thtatnalpg¢mst dhyodat yhibNabodeseppl DAL PSRt i OoNn
202-2 indicates "stationary" or when the stationary/noving determ nation

10 suppltited sftragnidreayshratv iowga dyttemni nd ndepertionngopelt iadi28Res3 i ndi cate
"stationary", the area determ ning portion 203-2 determnes that the
speci fi ¢ siatglonairyf'r amel Mhegoehenstathiohany/movihg devemyinataonand sets
"0", which indicates that the pixel does not belong to the noving area, in
the 15 mRpdg-est dxogettdenistiatdonbay/mevdogatetewnihingepepbiohi 202pi xel .
- The area determ ning portion 203-2 supplies the noving- area determ ning
f1ag?i n 2niingli-catesor' mogings ,séheasredi detssudnapgvporpion 203-1
the-deternining-fla%TStoring frame menor 20 204. :
- determines that the Specific pixel of frame #n belongs to an
uncovered background area, and sets "1", which indicates
that the specific pixel belongs to an uncovered background
area, in an uncovered-background-area determining flag
10 associated with the specific pixel.
When the stationary/moving determination supplied from.
the stationary/moving determining portion 202-1 indicates
"moving” or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
15 2 indicates "stationary", the area specifying unit 203-1
determines that the specific pixel of frame #n does not
belong to an uncovered background area, and sets "0", which
indicates that the specific pixel does not belong to an
uncovered background area, in the uncovered—backgrounanrea
20 determining flag associated with the specific pixel}
The area determining portion 203-1 supplies the
uncovered—background—area'determining flag in which "1" or
“0" is set as discussed above to a determining—flag—stofing

frame memory 204.

25 " When the stationary/moving determination supplied from




- When the stationary/ noving determ nation supplied fron1jégﬁ ust 2005
stationary/ noving determ ning portion 202-3 indicates P and when
t he stationary/ novi.ng determ nati on supplied fromthe statlonary/nDV|ng '
determ ning portion 202-- 25 4 indicate "stationary", the area determning
portion 203-3 19 August 2005 - 73 determ nes that the specific pixel of
frame #n belongs to a covered background area, and sets "111, which
indicates that the specific pixel belongs to the covered background area,
in a covered-background- area determrﬂ#urflag associated 5 with the
specific pixel. Wien the stationary/ noving deternination supplied from the
"stationary/noving deternining portion 202-3 indicates "stationary" or when

the statimnatyulionang/sekend Bateeniaungl pedchioambbessiabiosssy/ noving
-determ ning portion 202 104 indicate "noving", the area determ ning

- portion "263tIondetyer andeshthathehetapechhir¢/Mb¥ehgofiet epfen#nigdees not
belong to a covered background area, and sets "0", which indicates that
‘the spesipmd ipidkérodoehenstabébnagyymoaingodetedmbatkgr ponticneap24n the
cover ed- background-area 15 deternmining.flag associated with the specific
pi xel . 3ThHaddcesedéstahiinhagyper thenaes- 6e$apminnsqtpertlon 203-2

cover ed- background-area determning flag in which "I" or 11011 is set as
di scussdgtgsanvacsothat theespenifjcfbigedtof i figahe ahe behongs 206, 20 The
determ ning-flag-storing frane nenory 204 thus stores the

uncover E8€pSERGLODALY anEe2 de?RA nFdtMg" i T agvhich indicates that the

pixel belongs to the stationary area, in a stationary-area
determining flag associated with the specific pixel.
When the stationary/moving determination supplied from
10 the stationary/moving détermining portion 202-2 indicates
“moving” or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2
determines that the specific pixel of frame #n does not
15 belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the stationary area, in
the stationary-area determining flag associated with the
specific pixel.
The area determining portion 203-2 supplies the
20 stationary-area determiniﬁg flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame
memory 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates

25 "moving" and when the stationary/moving determination




'supplied fromthe area determning portion 203-1, the sygti,gparpodr ea
determning flag supplied fromthe -area determ ning portion 203-2, the

" nmoving-area determning flag 25 supplied fromthe area determ ning portion
203-2, and the 19 August 2005 - 7 4 - covered- background-area determ ning
flag supplied fromthe area determning portion 203-3. The '

determ ning-flag-storing frane nenory 204 supplies the

uncover ed- backgr ound- ar ea deternininglflag, the stationary-area
deternining flag, the nmoving-area Tet%2rm ning flag, and the

cover ed- background-area determning flag stored therein to a, synthesizer
205. The synthesizer 205 generates area information indicating to which of

 the uncasgipd RPEGIOWHE 31AR1oNAR yTdliifgakktai-fdnindOpbPeiBRVLAg-area, or
t he covered background area each pixel bel'ongs based oOn the _

uncover ed-iatikgitel mhoatigy "Jetdenatiead detb2fintiig pbatienapysapea
‘determning. flag, the noving--area deternmning flag, and the
cover ed-destekyrioiend thaea thdespenifiegplikay s¥pprhrd #n0BelbRgs to
determ ning-flag-storing 15 frane nenory 204, and supplies the area
i nf or mattihen moviag deternmandngetkagi*st ehialh findieatesotial06he The
determ ni ng-fl ag-storing frame nenory 206 stores the area information
supp? i edplecdfichpizxpht hedpngs 205thendovahgoavespuis &hmowairg-ardor nation
stored therein. 20 An exanple of the processing performed by the area
speci f ydegegmining3flagdasaesbatiedevithvibe spéetficepivel Figs. 21 through
25. ‘
When the stationary/moving determination supplied from
. the stationary/moving determining portion 202-2 indicates.
"stationary" or when the stationary/moving determination
10 supplied from the stationary/moving determining portion 202-
3 indicate “stationéry“, the area determining portion 203—2
determines that the specific pixel of frame #n does not
belong to the moving aiea, and sets "0", which indicates
that the pixel does not belong to the moving area, in the
‘15 moving-area determining flag associated with the specific
- pixel.
The area determining portion 203-2 supplies the moving-
- area determining flag in which "1" or "O" is set as
discussed above to the~determining—flag¥storing frame memory
20  204.
When the stationary/moving determination supplied from
‘the stationary/moving determining portion 202-3 indicates
"moving" and when the stationary/moving determination

supplied from the staﬁionary/moving determining portion 202-

25 4 indicate “"stationary", the area determining portion 203-3




Wien the object corresponding to the foreground is - mvhggyglidioopgsi tion of
~the image corresponding to the 25 object on the screen changes in every
franme. As.shown in 19 August 2005 - 75 Fig. 21, the inage corresponding to
the object located at the positionindicated by Yn(x,y) in frame #n is
positioned at Yn+l(x,y) in frame #n+l, which is subsequent to frame #n. A
nodel obtained by expanding in the time direction the 5 pixel values of
the pixels aligned side-by-side in the noving direction of the inage
corresponding to the foreground object 7s shown in Fig. 24. For exanple,

if the noving direction of the inmage corresponding to the foreground
object is horizontal with respect to the screen, 10 the nodel shown in Fig.
22 i s adetdemicstsaithed bheespendfig pirelheft framdi acbedongdetpi xel val ues
of the pixels disposed on a line side-by-side. In Fig. 22, the line in
frame #goveregublackgroned amea,i anflr ages#nil, @biFheifidiegtesnchabnponents
corresponding to the object contained in the second pixel to the )
‘thirteettle gpeeifficomixehebeébngsnter tihe #ovearedcbatkgnednd natde, si xt h

pi xel through the seventeenth pixel fromthe left in frame #n+l. |In frane
#n, thelpi ReFevVBERInRAfIrsuntlearegedetiernininggf baddasseaiatedt he el eventh
through thirteenth pixels fromthe left, and the pixels belonging to the
uncover ¥&thpEBRyFBERALAFeRIBPE- t he second through fourth pixels from the

left. I'n frane #n+l, the pixels belpnginq:tO'jhe, .
: _ When the stationary/moving determination supplied from

'the stationary/moving determining portion 202-3 indicates
"stationary" or when the stationary/moving determination |
supplied from the stationary/moving determining portion 202~

10 4 indicate "moving", the area determining portion 203-3
determines that the specific pixel of frame #n does not
belong to a covered background area, and sets "0", which

indicates that the specific pixel does not belong to a

‘covered background area, in the covered-background-area

15 determining flag associated with the specific pixel. .
The area determining portion 203-3 supplies the

covered—background—area determining flag in which "1" or "O0O"

'is set as discussed above to the determining-flag-storing
frame memory 204. |

20 - The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag
supplied from the area determining portion 203-1, the
stationary-area determininé flag-supplied from the area
determiﬁing portion 203-2, the moving-area determining flag 

25 supplied from the area determining portion 203-2, and the




covered background area are the fifteenth through 25 seygpy,gaditdaopi xel s
fromthe left, and the pixels bel onging 19 August 2005 - 76~ to the
uncover ed background area are the sixth through eighth pixels fromthe
left. In the exanple shown in Fig. 22, since the foreground conponents
contained in frame #n are noved by four pixels in 5 frame #n+1, the anount
of nmovenment v is 4. The nunber of virtual divided portions is 4 in
accordance with the anount of novenent v. A description is now given of a
change in pixel values of the pixéTs7%eTonging to the m xed area in the
frames 10. before and after a specific frame. In Fig. 23, the pixels

bel onging to a covered background area in frame #n in which the background

is statdonaregd-dntkddummivaua @bt@_ﬂﬂlﬂi&l&? ¥1lag tsthfL%agEeuﬂdthé 4 are
the fifteenth through seventeenth pixels fromthe [eft. 15 Since the anount

of novermrda ddteryining fpoittdent 2 0BRBough seventeenth franmes fromthe left
in the previous frame #n-1 contain only background conponents and bel ong to

the backgroUhe determTheénfi-fieenstotngufhamevieaheent h0pixghslids om t he
“left in frane #n-2, which is one before frame #n-1, 20 contain only

backgr odi¢ caweyeaedsbacdgrobodgareat Hetebmikgngouhitlagy eheSi ncé t he obj ect
corresponding to the background is: stationary, the pixel value of the
fifteenthafileaary-greprhdetesniningf £4ag, #hhe moesngoarehange fromthe pixe

val ue of L _
determining flag, and the covered-background-area

_détermining flag stored therein to a synthesizer 205. The
synthesizer 205fgénerates area information indicating to |
which of the uncovered background area, the stétionary area,

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

15 frame memory 204, and supplies the area information to a

-_detefmining—flagJStoring frame memory 206.
| The determining-flag-storing frame memory 206 stores
the area information supplied from the synthesizef 205, and
also outputs the areé information stored therein.

20 An example of the processing performed by the area
specifying unit 103 is déscfibed below with reference to
Figs. 21 through 25.

When the object corresponding to the foreground is
moving, the position of‘the image corresponding to the

- 25 object on the screen changes in every frame. As shown in




25 the fifteenth pixel fromthe left in frame #n-2. Sihﬁbg&P%ﬁzbgsAuguSt
2005 - 77 the pixel value of the sixteenth pixel fromthe Teft in franme
#n-1 does not change fromthe pixel value of the sixteenth pixel fromthe
left in frame-#n-2, and t-he pixel value of the seventeenth pixel fromthe
left in frame #n-1 5 does not change fromthe pixel value of the
seventeenth pixel fromthe left in frame #n-2. That -is, the pixels in
frame #n-1.and frame #n-2 Correqupq%pg to the pixels belonging to the
covered background area in frame #n ‘consi st of only background 10 :
conmponents, and the pixel values thereof do not change. Accordingly, the
absol ute value of the difference between the pixel values is alnost O.
Thus, t gt @tli,ondey/inagiengordesponidhatyi to thdeobfect htopakedisatn frane
#n-1 and frane #n-2 corresponding'to the pixels belonging to the m xed
area 15 tihe fposidismn bpdiketetabiyolialx, ypvingfdener fmnisgppeitiared 202-4 is
"stationary". Since the pixels belonging to the covered background area in
frame #@tcdmtdi(m ¥or dgr Suatecdnpdnewhicht he pulkeequent ubs fhaweodfnare
different fromthose of frame #n-1 20 consisting of only background
conmponent s. AcEedel nghyained bytexparding novithe deims divadtdeomdde for the
pixels helonging to the mxed area_ in frame #n and the corresponding

pi xel s PH*FlaffalBgs106ythReritals onbignedvs Heder et idai iy P tion 202-3 is
"nmoving". 25 Wien the stationary/noving deternination result

moving direction of the image corresponding to the
foreground object is shown in Fig. 24. For example, if the

moving direction of the image corresponding to the

foreground object is horizontal with respect to the screen,
16 the model shown in Fig. 22 is a model obtained by expanding
in the time direction the pixel values of the pixels

disposed on a line side-by-side.

In Fig. 22, the liﬁe in frame #n is equal to the line

in frame #n+1.

15 The foreground coﬁponents cofresponding to the object
contained in the second pixel to the thirteenth pixel from
the left in frame #n are . contained in the sixth pixel
;through the seventeenth pixel from the left in frame #n+l.

In frame #n, the pixels belonging to the covered

20  background area are the eleventh through thirteenth pixels
from the left, and the-pixels belonging‘to the uncovered
background area are the second through fourth pixels from
the left. In frame #n+l, the pixels belonging to the
covered'background area are the fifteenth through

25 seventeenth pixels from the left, and the pixels belonging




19 August. 2005 - 78 indicating "noving" is Supplied fr '
stati onary/ noving deternining portion 202-3, and when t‘lﬁgﬂubué’cZOOS
stationary/ noving deternmination result indicating "stationary" is supplied
fromthe stationary/ noving determ ning portion 202-4, as 5 discussed above,
the area determning portion 203-3 determ nes that the correspondi ng

- pixels belong to a .covered background area. In Fig. 24, in frame #n in
whi ch the background is stationary and the anount of novenment v in the
foreground is 10 4, the pixels conraﬂﬁbﬁ in an uncovered background area
are ‘the second through fourth pixels fromthe left. Since the anount of
novenment v is 4, the second through fourth pixels fromthe left in the:

subsequani theamobvtkedobaakgroahy BaekgaeundheosRRERNEErafgh bel ong to the
background area. In .15 frame #n+2, which is subsequent to frame #n+l, the

second dilyhbglpikedst Hrpmxehe fieem.t he | eft contain only background _
conponents and bel ong t ot he background area. Since the object correspondi ng

. 'to the backgInuhbei examphei shawy, it heipi x&t, ved nee ofhd heosep@thdi xel from
the .20 left in frame #n+2 does not change fromthe pixel value of the
- second gionponengsm chethéhedi anf Ename#hnl are Shovédrby, fole pixels vial ue of
the third pixel fromthe left in frame #n+2 does not change fromthe pixel
val Ue offrame #nitdd phrepmofinbnef heovehent v f iank. #rkle . rumbaetheHi xel val ue
-~ of the 25 fourth pixel fromthe left in frame #n+2 does not change 1 9
August Yagtual divided portions is 4 in accordance with the amount
'of movement v. |
A description is now given of a change in pixel values
of the pixels belonging to the mixed area in the frames
10 before and after a specific frame.
In Fig. 23, the pixels belonging to a covered
_background area in frame #n in which the background is
stationary and the amount of movement v in the foreground is
4 are the fifteenth through seventeenth pixels from the left.
15 Since the amount of movement v is 4, the fifteenth through
seventeenth frames from the left in the previous frame #n-1
contain only background components and belong to the
background area. The.fifteenth through seventeenth pixels
from the left in frame #n-2, which is one before frame #n-1,
20 contain only background components and belong to the
background area.
Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel from the

left in frame #n-1 does not change from the pixel value of

25 the fifteenth pixél from the left in frame #n-2. Similarly,




- 79 fromthe pixel value of the fourth pixel'fron1the1§¢ﬁ@u&@m0§rane
#n+l. That is, the pixels in frame #n+l and frame #n+2 corresponding to
t he pi xel s belonging to the uncovered background area in frane #n consi st.

~of only background conponents, and the pixel values thereof do not change...

Accordingly, the absolute value of the difference between the pixel values
is alnmpbst 0. Thus, the stationary/noving determ nation nmade for the pixels
in frame #n+1l and frame 10 #n+2 corresponding to the pixels belonging to
the m xed area in frame #n by the'sﬂgtrbnary/nnving determ ni ng portion
202-1 is "stationary". Since the pixels belonging to the uncovered
background area in frame #n contain foreground conponents, the pixel 15
val ues ter gdfxedr @adukfl efethel EoRLEBASE Pixbl afBofNtthe CO8SE SIANG of only

background conponents. Accordingly, the stationary/noving determ nation
made f orfdae gingl sloeBehofgchgnye fhemntkedpoked valhéads® #ie and t he
correspondi ng pixels in frame #n+1l by the stationary/noving 20 determ ning
porti onsiG2e2nith pimeilngtom\hha 186t siat fomae y#noY) ngndeties npiveél on resul t
indicating "noving" is supplied fromthe stationary/noving determning -
porti onv2Q2e2ofantienaenenheestht poxal yfnowi tige bHeferim nitams #resul t
indicating "stationary"” is supplied 25 fromthe stationary/nmoving
det €¥ mi APeg pott cbange2ftomathe 9p MxgylistaROOOE B seventeenth
pixel from the left in frame #n-2.
That is, the pixels in frame #n-1.and frame #n-2
correéponding to the pixels belonging to the covered
background area in frame #n consist of'only background
" 10 components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
#n-2 corresponding to the pixels beldnging to the mixed area
15 in frame #n by the stationary/moving determining portion
202-4 is "stationary".
Since the pixels belonging to the covered background
area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n-1
20 consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving
'determining portion 202-3 is "moving".’

25 When the stationary/moving determination result




di scussed above, the area determning portion 203-1 detgpphagSobhat the
correspondi ng pi xel s belong to an .uncovered background area. Fig. 25
illustrates determ nation conditions for franme 5 #n nade by the area
speci fying unit 103. Wen the determination result for the pixel in frane
#n-2 located at the sane image position as a pixel in frame #n to be
“processed and for the pixel in frane #n-1 |located at the sane position as
‘the pixel in frame #n is stationary, and 10 when the determi nation result
for the pixel in frame #n and the'bfa%r'in frame #n-1 | ocated at the sane
t mage position as the pixel in frame #n is noving, the area specifying
unit 103 determnes that the pixel in frame #n belongs to a covered

backgr ouindi idfdngl mékangt-he sdguppmieat rebm €aLl stheiohheyPnglingn frame #n
and the pixel in frame #n-1 |located at the sane inmage position as the

pi xel | nidtreamdiniimg porationi aoary, and when thbhestgtesAhPaynOBingsult for
the pixel in frame #n and the pixel in frame #n+l | ocated at the sane

i mage pekittdravinas id@ rbsupixeéhdioatiage dnatsoskayi oparyuppheedr ea
specifying unit 103 determ nes that the pixel in frame #n belongs to the
st at i ondnpmatba. sVWhenonheydmoeingndetonmininyt pboriohe2Pxe) as frane #n
and the pixel in frame #n-1 located at the sane inmage 25 position as the
pi xe? i dipcamsseinabovapvihg, aned dabernherildd pogusen 200%-3- 81
determ nation result for the pixel in frame #n and the pixe
- determines that the corresponding pixels belong to a covered
background‘area;
In Fig. 24, in frame #n in which the background is
stationary and the amount of movement v in the foreground is
10 4, the pixels contained in an uncovered background area are
the second through fourth pixels from the left. Since the
amount of movement v is 4, the second through fourth pixels
from the left in the subSequent frame.#n+1 contain only
background components and bélong to the background area. In
15 frame #n+2, which is subsequent to frame #n+l, the second
through fourth pixels from the left contain only background
components and belong to‘the background area.
Since the object corresponding to the background is
stationary, the pixel value of the second pixel from the
20 left in frame #n+2 does not change from the pixel value of
the second pixel from the left in frame #n+l. Similarly,
the pixel value of the third pixel from the left in frame
#n+2 does not change from the pixel value of the third pixel

from the left in frame #n+l, and the pixel value of the

25 fourth pixel from the left in frame #n+2 does not change




in frame #n+l located at the sane image position as theqgpiuwygdt Jopsframe #n
is nmoving, the area specifying unit 103 determ nes that the pixel in frane.
"#n belongs to the noving 5 area. Wien the determination result for the
pixel in frame #n and the pixel in frane #n+l |ocated at the sane inmage
position as the pixel in frame #n is noving, and when the determ nation
result for the pixel in frane #n+l | ocated at 10 the sane inmage position as
the pixel in frame #n and the pixel in frane #n+2 | ocated at the sane
_immage position as the pixel in frame/%mis stationary, the area specifying
unit” 103 determ nes that the pixel in frame #n belongs to an uncovered
background area. 15 Figs. 26A through 26D illustrate exanples of the area

det er ni ng¢d@NHE Pied RUINE Bhd 1RuIMAApIREG! ORI tHA 03, In Fig.
26A, the pixels %ﬁich are determned to bePong ?% g ggee?gg%bggkground

area arefrdik gaf+«ad in white. In Fig. 26B, the pixels which are deternined
.to belong to an 20 uncovered background area are indicated in white. In

Fig. 26C thehpixeks whecpiretsdeherphnedshel Dgh@nrahe® fafPVing area are
indicated in white. In Fig. 26D, the pixels which are determined to bel ong

to a statdmmesppnalieg tar ¢hiengicatiedbelowhihg. t35thkgunddvitbastrates the
area information indicating the 19 August 2005 - 82 mixed area, in the
f or nb of rmvkgmmgad sekectied firamm #hecansasti afoonbyi backgteuwhdf rom t he
determ ning--flag-storing frame '
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n+1 and frame
10 #n+2 corresponding to the pixeis belonging to the mixed area
in frame #n by the stationary/moving determining portion
 202-1 is "stationary".

Since the pixels belonging to the uncovered background
area in frame #n cohtain foreground components, the pixel

15 wvalues thereof are different from those of frame #n+1
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the
corresponding pixels in frame #n+1'by the stationary/moving

20 determining portion 202-2 is "moving".

When the stationary/moving determination result
indicating "moving" is supplied from ﬁhe stationary/moving
determining portion 202-2, and when the stationary/moving
determination result'indicating "stationary“ is'supp1ied

25 = from the stationary/moving determining portion 202-1, as




nmenory -206. In Fig. 27, the pixels which are determ nedqbaughgloppg to the
covered background area or the uncovered 5. background area, i.e., the
- pixels which are determined to belong to the m xed area, are indicated i'n

white. The area information indicating the m xed area output fromthe
determ ning-flag-storing frame nmenory 206 desi gnates the m xed area and the
portions having a texture surrounded by 10 the portions wthout a texture
in the foreground area. The area specifying processing perfornmed by the
area specifying unit 103 is describét bel ow with reference to the
flowchart of Fig. 28. In step S201, the franme nenory 201 obtains an inmage

of franme #n-2 through franme #n+2 including 15 franme #n. In step S202, the

* stati onatiscussiedy abeiver, Mithien@rear le@Brm282ngd gekeLshngsswhet her the
determ nation result for the pixel in frame #n-1 and the pixel in franme #n

| ocat ed dattetrind nesathaposhil eprirespbatingapyxels belbfigdebeani ned that the
2.0 determnation result is stationary, the process proceeds to step S203

“in whi cmncovestdt bankgybmdi agedet er ni ni ng portion 202-2 determ nes
-whet her the dgterningtion result for the pixel in frane #n and the pixel in
frame #n+1 | Btat edS atllhetrabee gosermimtostaindinaions Xo1t ffrdme s
determned in step S203 that the determ nation 19 August 2005 - 83 result
for ¥ he#pi Rafej hyf thaeannaandechEypigenin 103me Wied thecated at the sane
position is stationary, the process proceeds to step 5204. In step S204,
the aredelerBiRphipy result for the pixel in frame #n-2 located at -
the same image position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the
same position as the pixel in frame #n is stationary, and
10 when the determination result for the pixel in frame #n and
the pixel in frame #n-1 located at the same image position
as the pixel in frame #n is moving, the area specifying unit
103 determines that the pixel in frame #n belongs to a
covered background area.
15 When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n is stationary, and when
the determination result for the pixel in frame #n and the
pixel in frame #n+l1 located at the same image position as
20 the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to
the stationary area.
When the determination result for the pixel in frame #n

and the pixel in frame #n-1 located at the same image

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




portion 203-2 sets "1", which indicates that the pixel %9 apgust2epgcessed
belongs to the stationary area, in the stationary- area determning flag
associated with the pixel to be processed. The area determ ning portion
203-2 supplies the stationary-area determning flag to the
determning-flag- storing frame nenory 204, and the process proceeds to
step 10 S205. If it is determined in step 5202 that the determ nation
result for the pixel in frame #n-1 an 1the pixel in frame #n ,located at
the sanme position is noving, or if it “is determined in step S203 that the
determ nation result for 15 the pixel in frame #n and the pixel in frame
#n+1l | ocated at the sanme position is noving, the pixel to be processed
does noteberwiagatdon seaulbnficy theapidetofdi Pghie $heandracessing of step
S204 is skipped, and the process proceeds to step 5205. 20 In step S205,

the stat FBn&FgRaoinng Hecetednihgthersame iRdde poleteidn nas mhet her the
determ nation result for the pixel in frane #n-1 and the pixel in frame #n
| ocat'ed Bi*Ehelnshranpokntinmosimpyithe dfea tspeciftiargrivmect tiet t he
deterniqgtion result is noving, the process proceeds to step 25 S206 in

whi ch t h8S5EEM RS rabvig Ristek Mmi Frpnmrin dreRORys] TAUdes moRAfy - 84 2
dete%nines whet her the determnation result for the pixel in frame #n and
t he pixé?r?%‘frane #n+1l |l ocated at the sane position is noving. If it is

‘_deterninéd iQH%%FQh%?%%t%gﬁgngggogegg;gaga%ggnthe' i i
. pixel in frame #n
and thé.pixel in frame #n+1 located at the same image
position as the pixel in frame #n is moving, and when the
determination result for the pixel in frame #n+l located at
10 ithe same image position as the pixel in frame #n and the
pixel in frame #n+2 located at the same image position as
the pixel in frame #n is stationary, the area specifying
| unit 103 determines that the pixel in frame #n belongs to an
uncovered background area.
15 _ Figs. 26A through 26D illustrate.examples of the area
determination results obtained by the area séecifying unit
103. 1In Fig. 26A, the pixels which are determined to belong
to a covered background area are indicated in white. In Fig. .
26B, the pixels which are determined to belong to an
20 uncovered background area are indicated in white.

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

25 - Fig. 27 illustrates the area information indicating the




S result for the pixel in frame #n and the pixel in fraqu%gﬁgtzobgcat ed at
the sanme position is noving, the process proceeds to step S207. In step
S207, the area determ ning portion -203-2 sets "1", which indicates that
the pixel to be processed belongs to a noving area, in the noving-area 10
determning flag associated with the pixel to be processed. The area
determ ning area 203-2 supplies the noving-area determning flag to the
determ ning-flag-storing frame nmenory,204, and the process proceeds to
step S208. If it is determned in step S205 that the determ nation 15
result for the pixel in frame #n--1 and the pixel in frame #n |ocated at
- the sane _position is stationary, or if it is determned in step S206 that

t he det e?“ﬁf‘ﬁgt PBRar esW| £he oform Hef pax elmage f resdeectredantrdnhet iy Xalea n f r ane
#n+l located at .the same position is stationary, the pixel in frame #n
does 20 MBECHRALEYR t P EPHoVEFR ditie. deteigridt ing £ 1 ache tonmiges Sinageof st ep
S207 is skipped gnd t he process proceeds to step S208. In step 5208, the
st ati onaF§MRbYi AP et rﬁfﬁﬂgzﬁortth%ﬁlziﬁzlﬂ wleitady dnee sletieamised o

el in frame #n-2 and the pixel in frane

determ | resul.t for the i X
#n-1 | O(I;%%ie(gﬂ%tto %ah‘? 1O EhR &%ﬁkﬂr&?% adted [ dndhe uncoveried det er mi ned
t hat ¢19 5 - .85. the termnation result is stationary, the
5 ) . : . ; ’ N
process. proc@eodép({)oéresat’epl'ﬁ%%l WHIXEH S [ ishafirsn defermingd §8t er mini ng -
portion K03y def /Hd r the determnation result for the pixel in
frame #n-1 arﬁld thehg @%iew%gé%ﬁeaﬁﬁ 3NAJCALEd AP PRdteaneThEsRErRN i
MOVING. information indicating the mixed area output from the
~ determining-flag-storing frame memory 206 designates‘the
mixed area and the portions having a texture surrounded by
10 the portions without a texture in the foreground aiea.

The area specifying prodessihg performed by the area

specifying unit 103 is described below with reference to the

flowchart of Fig. 28. In step S201, the frame memory 201

obtains an image of frame #n~2 through frame #n+2 including

15 frame #n.

In step 5202, the stationary/moving determining portion
202-3 determines whether?the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. If it is determined that the
20 - determination result is stationary, the process prdceeds to
step $203 in which the stationary/moving determining portion
- 202-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l1 located at the
same pésition is stationary.

25 If it is determined in step S203 that the determination




flag to ¥feu

If it is determined. in step S209 that .the deterninatioagphﬁayubogor t he

pixel in frame #n-1 and the pixel in frame #n |ocated at the sanme position

is nmoving, the process proceeds to step S210. In step 5210, the area

determ ning portion 10 203-3 sets "1 which indicates that the pixel to be

processed bel ongs to a covered background area, in the

cover ed- background-area determning flag associated with the pixel to be

processed. The. area determ ning poLthn 203-3 supplies the

cover ed- background-area determ ning ffag to the 15 determ ning-flag-storing

franme nenory 204, and the process proceeds to step $211. The area

det er m ni ng fortion 203-3 supplies the covered-background-area determ ning
defer ihe myifelagin stomedif rane teNpikel04n Frdmkhenprocess

proceeds_to step S211. 20 If it is determined in step 5208 that the

det er mi nkRGrPd rads ihe fsame HEositdain ik fotandohary antet peopexel in frane

~#n-1 located at the sanef§osition is noving, or if it is determned in

step S209°99RR9% HO Fited 5204+ ar #veb $304t hehepaxeh detbraini®g | ocat ed

at the saqifposition is stationary, 25 the pixel in frame #n does not
bel ong RO IOV %a 21 §eASg dt" 20t ch dadibatkgr bbatl theapifetotdibgly, the
and the process proceeds to step S211.

PrOCESSin.E?ES%EE%§§21O-iS skipped,t_ . S . ;
n step =5 98N &Py ERSy Frgtdenari arag, pdnt the speRi@naeyer m nes
mhethera&%g %%E%rnLnakio% result for the pixel in frame #n and the pixe
in frams #n+T -oc -84 d: LLAG assAsipber: vdhhi theobingl o be is determ ned
in stepp§%$£ssed. The area determining portion 203-2 supplies the
- stationary-area determining flag to the determining-flag-
storing frame.memory 204, and the process proceeds to step
100 s8205.
If it is determined in step S202 that the determination
result for the pixel in frame #n-1 and the pixel in.frame #n
located at the same position is moving, or if it is
determined in step S203 that the determination result for
,.15 the pixel in frame #n and the pixel in frame #n+1 located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
processing of step S$204 is skipped, and.the process proceeds
to step §205. |
20 In step 5205, the stationarf/moving determining portion
202-3 determinés whether the determination result for the
pixel in frame #n—l and the pixel in frame #n located at the
same position is moving. If it is determined that the

~determination result is moving, the process proceeds to step

-25 5206 in which the stationary/moving determining portion 202--




that the determnation result is noving, the process pH9agsgs 2bosstep 8212
in which the stationary/noving determ ning portion 202-1- deferm nes whet her
the 10 determ nation result for the pixel in franme #n+l and the pixel in
frame #n+2 |l ocated at the sane position is stationary. If it is determ ned
in step 5212 that the determ nation result for the pixel in frame #n+l1 and
the pixel in frame 15 #n+2 |ocated. at the sane position is stationary,
the process proceeds to step S213. In_step S213, the area determ ning
portion 203-1. sets."1", which i ndi cat®s~that the pi xel to be processed

bel ongs to.an uncovered background area, in the uncovered-background-area
determ ning flag associated with 20 the pixel to be processed. The area

det er mi N2 ndepornines AStHe:s utps i dest die natioe RGuIac ko whe: fiagl
determning flag to the determ ning-flag-storing frame nmenory 204, and

t he proctsstxane dbisand thepiSald.in ffiamd $rdat dodaned at $hep sSadl. t hat
‘the determinpation 25 result for the pixel in frame #n and the pixel in
frame #PASUYLGHSMAPOOEI- 87 |ocated at the same position is stationary,
or-if it is _determned in step S212 that the deternmination result for the
pi xel in fraff #§+isaf@tem@ipedelini gtepafR0fntRat sthepdehgrminet ppxel in
fra In does not belong to an 5 uncovered background area. Accordingly,
thengro€§§§ﬂﬁgiﬁﬁft§Fé§”S§@31st§@mﬁpé@,aaﬁdthﬁepéxaéeis fremeedis+lo step

S214. I.n _step, S214, the area specifying unit 103 deternines
chaté% at the same posi%ion %s %oving, the process proceeds

to step S207. .In step 5207, the area determining portion
203-2 -sets "1", which indicates that the pixel to be
processed béloﬁgs to a moving area, in the moving-area
10 determining flag associated with the pixel to be processed.
The area determining area 203-2 supplies the moving-area
determining flag to the determiningéflag—storing frame
memory 204, and the process proceeds to step S208.
If it is determined in step S205 that the determination
15 result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is
determined in step S206 that the determination result for
the pixel in frame #n and the pixel in frame #ntl located at
the same position is sfationary, the pixel in frame #n does
20 not belong to a moving area. Accordingly, the processing of
step 5207 is skipped, and the process proceeds to step $208.
In step $208, the stéfionary/moving determining portion
202-4 determines whether the determination result for the
‘piXel inrframe #n-2 and the pixel in frame $#n-1 located at

25 the same position is stationary. If it is determined that




whether the areas of all the pixels in frame In are spqgisfjggst 2006 it is
determ ned that the areas of all the 10 pixels in frane #n are not yet
specified, the process returns to step S202, and the area specifying
processing is repeated for the remaining pixels. If it is determned in
step S214 that the areas of all the pixels in frame In are specified, the
process proceeds 15 to step.S215. In step S215, the synthesizer 215
generates area information indicatiggbﬁhe m xed area based on the
uncover ed- background-area determining Tlag and the covered- background-area
determining flag stored in the determ ning- flag-storing frane nmenory 204,
and al so generates area 20 information indicating to which of the uncovered
backgr oute deteermitiad: istratieswdrty iar exattibaarpyi kgcapedce8t pPeceaus’ ed
background area each pi xel belongs, and sets the generated area

i nf or matiHtep 929 9ddme whilshn ghiel agastionany /mvadagneseeym2Abng The
processing is then conpleted. 25 As di scussed above, the area specifying
uni t 10PFL1PR AfFust dpdesmdsesaphbltbest thendetbirmgnat éani néeubvt i on
indrcat&n% to which_ of the nnving area, the stationary area, the uncovered
backgr od? §ﬁﬁhﬁuéﬁltﬁé €s@BeedinbdcRydothe piszaleinhfomehén pi xel s
contgjnid in % frame belongs. 5 The area specifying unit 103 may apply

| ogital "OR}E? fite tHPeHAMAT BPFAFLOR &BrPe¥BBEdi ng to the uncovered

backgr ound a# a. and tge area information corresponding to the covered
background a galgol%s TR G R St S209 that the determination

result for the pixel in frame #n-1 and the pixel in frame #n
'located at the same position is moving, the process proceéds
to'step 5210. In step S210, the area determining portion
10 203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
covered-background-area determining flag associated with the
pixel to be processed. The area determining portion 203-3
‘supplies the covered-background-area determining flag toathe
15 determining-flag—storing frame memory 204, and the process
proceeds to step S211. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
prbceeds to step S211. |
20 If it is determined in step S208 that the detérmination
result for the pixel in frame #n-2 and the pixel in frame
r_#n—l located at the same position is moving, or if iﬁ is
- determined in step S209 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is stationary,

25 the pixel in frame #n does not belong to a covered




information corresponding to the nixed area, and then My Ab§udienes ate area
i-nformation consisting of flags indicating to which of the noving area,
the stationary area, or the mxed area the individual pixels contained in
the frame bel ong. Wien the object corresponding to the foreground has a
texture, the area specifying unit 103 is able to specify the 15 noving
area nore precisely. The area specifying unit 103 is able to output the
area information indicating the noyigg area as the area information
indicating the foreground area, and outputs the area information
indi cating the stationary area as the area 20 information indicating the
background area. The enbodi nent has been descri bed, assum ng that the
obj ect chRfkgpowad nyred- t Redkinolnd e gimidesmimg of Hhwpve210t he
above-descri bed area specifying processing can be applied even if the
i mge cot¥ eShbPRIPGHg Qféi?tﬂée AR sur Aeaede L atteg $2Iot i on. For exanpl e,
if the image 19 August 2005 -- 8 9 corresponding to the background area is
uni fornly noiithGteh $e ldredhepstiatiiongrydimoviog detbrainhagopertibni nage in
t his, notiqn, and perforns processing in a manner simlar

accordan i t
to the c%‘g%y\é FHFTH-R9R Bhtdar dde dgiaaling tsomo resa lisadrygr 6bed i s

stationary. Jf.the inmage coryesponding to the background area contains
| ocall y %%Gf'?jer]éhtte]?%‘l‘? %6’3 ang glie; pdxedpddy fiyiemg dmitl 10gagefeatsthre pixel s
COrreSFKggMéK%&éaéﬂg% q%th%g%hgqndI%x%%gggsdgggr%gggg-igegggkbggl?roceSSing.
_lthat the determination result is moving, the process.
proceeds to step 5212 in which the stationéry/moying
‘determining portion 202-1 determines whether the
10 determination result for the pixel in frame #n+l and the
pixel in frame #n+2 located at the same position is
stationary.
If it is determined in step S212 that the determination
result for the pixei in frame #n+1 and fhe pixel in frame
15 #n+2 located at the same position is stationary, the process
proceeds to steprs213. In step S213, the area deterﬁining
portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to .an uncovered background area, in the
uncovered-background-area determining flag associated with
20 the pixel to be processed. The area determining pdrtidn
203-1 supplies the uncovered—backgrdund—flag determining
flag to the determiningfflaq—storing frame memory 204, and
thé process proceeds to step S5214.

If it is determined in step S$211 that the determination

25 result for the pixel in frame #n and the pixel in frame #n+l




10 Fig. 29 is a block diiagramillustrating an exanple ofl9 ARD@4thens

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

shown in Fig. 29 does not use a notion vector. A background inmge

generator 301 generates a background imge corresponding to an i nput
i mge, and 15 supplies the generated background i mage to a binary-object
i mage extracting portion 302. The background i nage generator 301 extracts,

- for exanpl e, an i mge object correqupptpg to a background object contained

in the input inmage, and generates the background i mage. 20 An exanple of a
model obtai ned by expanding in the tinme direction the pixel values of -

pi xel s aligned side-by-side in the noving direction of an inmage

cor r espokRfiEd @ta theosegre pod idhjoactisi stakdonairy, Fog. i80itFbe exanple., -if
the noving direction of the image corresponding to the 25 foreground

obj ect iACYRIMING} din Fitew S2d@edhato thredetesmapat@oAugesulR08Er- 9 0 - the
nodel’ shqwn i.n Fig. 30 is a nodel obtained by expanding the pixel val ues
of pi xel'™PPdFEdedisitaamsy #aitde agd &hsi pikel innéramet he+2ihe donmmin. In
Fig. 30, the line in frame #n is the same as the .5 1line in frame #n-1 and
the i ng‘qvﬁ“ﬂvaﬁgle#ﬁ‘%i‘?ll A0f CERES##D daestapkgbelang cbepdment s

corr sp%n%i%% tg thg obgé t contained in the sixth through seventeenth
pi xel s FFONTRE PEFEILPENEOAESRne dAFROFRENSEE onbhe HPERERSI HIF taent h

and are also contained in 10 the tenth

pi xel left _jn f #n-
i ougn FoBntyT7 Fet >liebarr bl e Broesss rhgpeeens o step 5214,

: In step 8214, the area specifying unit 103 determines
whether the areas.of all the pixels in frame #n are
specified. If it is determined that the areas of all the
lO pixels in frame #n are not yet specified, the process
returns to step 5202, and the area specifying processing is
repeated for the remaining pixéls.
If it is determined .in step S214 that the areas of all
the pixels in frame #n are specified, the process proceeds
15 to step S215. 1n step 5215, the synthesizer 215 generates
area information indicating the mixed area based on the
uncoveredubackgroundfarea_determining flag and the covered-
background-area determining flag stored in the determining-
flag-storing frame memory 204, and also generates area
20 informatién indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated
érea information in the determining-flag-storing frame
- memory 206. The'processing is then completed.

25 As discussed above, the area specifying unit 103 is




#n+l, In frame #n-1, the pixels belonging to the covereggaAbgedf@pasnd area
are the eleventh through thirteenth pixels fromthe left, and -the pixels
‘belonging to the uncovered 15 background area are the second through fourth
pixels from the left. In frame #n, the pixels belonging to the covered
‘background area. are the fifteenth through seventeenth pixels fromthe
left, and the pixels belonging to the uncovered background area are the
sixth through eighth pixels fromthe 8 0 left. In frame #n+l, the pixels
bel ongi ng to the covered- background area are the. nineteenth through
twenty-first pixels fromthe left, and the pixels belonging to the
uncover ed background area are the tenth through twelfth pixels fromthe
left. 25°peblaref eneratingiawsas indlcomgitignt dnidieatdokgrounitit August
2005 - 91 area are the first pixel fromthe left, and the fourteenth

t hr ough et -19¥ER9 RBsea s theomtatdonay. aneaf,r &ine #ncoveeedpi xel s

bel ongi t.o the background area are the first through fifth pixels from
the | ef tOCKIF IS @it e i 1B CovergH backoyotindsarpaxehshf oénthae | eft .
In frame #n+l t he pixels belongin% to the background area are the first

t hr ough BRI Sondiainah i 1fe frefe baAosgEmpl e of the background i mage
corrgspondin to_the exa shown in Fig. 30 generated by the background

immgé 10 ge gFa?S?a35Eng¥%ﬁBﬁmuPﬁtF4%ﬁ By apRlHatkGEBh PR ke consi st s
of the Qﬁéﬁ%&e OE&E§I%E.E%% %8r%ggpgg %ggoggdthe uncovered
background area and the area information corresponding to
the covered background area so as to generate area
- information corresponding to the mixed area, and thén may
10 generate area information consisting of flags indicating to
which of the moving area, the stationary area, or the mixed
area the individual pixels contained in the frame belong.

When the object corresponding to the foreground has a
tekture, the area specifying unit 103 is able to specify the

i5 moving area more precisely.

The area specifying unit 103 is able to output the area
information.indicating the moving area as the area
information indicating the foreground area, and outputs the
area information indicating the stationary area as the area

20 information indicating the background area.

The embodiment has been-described, assuming that the
object correspénding to the background is stationary.
However, the above-described area specifying processing can
be applied even if the image corresponding to the background

25 area contains motion. For example, if the image




obj ect, and does not contain i mage conponents cor r esponqs pggudt@obbe
foreground object.. The binary-object-imge extracting portion 302 15
generates a binary object image based on the correlation between the
background i mage and the input imge, and supplies the generated binary
object-image to a tine change detector 303. Fig. 32 is a block diagram
I1lustrating the 20 configuration of the binary-object-inmge extracting
portion 302. A correlation-value calgglator 321 cal cul ates the
correl ati on between the background image supplied fromthe background

| mage generator 301 and the input inage so as to generate a correlation
val ue, and supplies the generated 25 correlation value to a threshol d-val ue-
pr ocesséPEIESPorgling et thgobackgrounte arear ésaundfioval vemcuing) at or 321
appl i es uation (4) tq, for exanple, 3x3-background image bl ocks having
X4 at tHE ChfPeSPesdiyidanundtril§3 sbAftantheopvesalbximpye, in

3x3- background i mage bl ocks having Y4 at the center which corresponds to
‘the bacﬁ%%ﬁﬁﬁ@qcﬁa &th 5Bis, matigRewAnANPEF forms3proenesbby tal&ul ating a
correlation val ue.corresp ding to YA 1 X=,0(Xi - q, (Yi - t}

Cor r el at PSR SFaSd@tiary 0($Beyf Eg)lp,wglgh the object corresponding

5 to the background is stationary. If the image cdrresponding
to the background area contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
described processing.

10 Fig. 29 is a block diagram illustrating an exaﬁple of

another confiquration of the area specifying unit 103. The
area specifying unit 103 shown in Fig. 29 does not use a
motion vector. A background image generator 301 generates a

background image corresponding to an input image, and

15 supplies the generated background image to a binary-object~
image extracting portion 302. The background image
generator 301 extracts, for éxample, an image object

. corresponding to a background object contained in the input
- image, and generates the background image.

20 ' An example of a model obtained by expanding in the time
direction the pixel values of pixels aligned side~by-side in
the moving direction of an image corresponding to a
foreground object is shown in Fig. 30. For example, 'if the
moving direction of the image corresponding to the

25 foreground object is horizontal with respect to the screen,




X =89 (5) 10 (6) The correlation-value cal cul ator 32145WpRldi®80% he
correl ati.on value cal cul ated for each pixel as discussed above to the

t hreshol d-val ue processor 322. Alternatively, the correl ation-val ue

cal culator 321 may 15 apply equation (7) to, for exanple, 3x3-background
i mage blocks having X4 at the center, as shown in Fig. 34A, and-to, for
exanpl e, 3x3-backqground i mage bl ocks having Y4 at the center which

corresponds to the background inagq_ghﬁcks, as shown in Fig. 34B, thereby
cal cul ating the sum of absolute 20 v es of differences corresponding to

Y4' 19 August 2005 - 9 3 - 8 Sum of absolute values of differences = ~ I (X
- Yi) (7) 1=o0 The correl ation-val ue cal cul ator 321 supplies the sum of .
t he absdihgt @odedl sbowof inh&idi.f BOr éacasmodetubbtatnaed byesgpahethqbove to
t he threshol d-val ue processor 322 as the 5 correlation value. The
t hr esholtds @ixelpvadessorf3pixednpdisposhd pidelbyvaide of 4 heimgle el ation
I mge wi.th a threshold value thO. If the correlation value is smaller than
" or equaﬂlﬁg tRethe time domain.
In Fig. 30, the line in frame #n is the same as the
5 1line in frame #n-1 and the line in fraﬁe #ﬁ+1.
In frame #n, the foreground.components corresponding to
~ the object contained in the sixth through seventeenth pixels
- from the left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are also contained in
iO the tenth through twenty-first pixel from the left in frame
#n+l.
In frame #n-1, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
from the left, and the pixels belonging to the uncovered
15 background area are the second through fourth pixels from
the left. 1In frame #n, the pixéls belonging to the covered
background area. are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered
background area are the sixth through eighth pixels from the
20 left. 1In frame #n+l, the pikels belonging to the covered:
background area are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
uncovered background area are the tenth through twelfth

pixels from the left.

25 _In frame #n-1, the pixels belonging to the background




threshol d value thO- 1 is set in the pixel value of thesd L Q365 0bj ect
image. If the correlation value is greater than the thregﬁg#g value thOQ_ 0

is set in the pixel value of 'the binary object inmage.- The threshol d-val ue
processor 322 then outputs the binary object inage whose pixel value is
set to O or 1. The threshol d-val ue processor 322 nmay store 15 the threshold
value thO therein in advance, or may use the threshold val ue thO.input
froman external source. Fig. 35 illugfrates the binary object inmage
corresponding to the nodel of the input imge shown in Fig. 30. In the

bi nary object image, 0 is set in the pixel 20 values of the pixels having a
hi gher correlation with the background image. Fig. 36 is a bl ock diagram

i | lustr a9y 3R thefinfl adxed dromhéhe defthangd dbeefourtgesth\ien
determ ning the area of a pixel in frame #n, a frame nmenory 19 August 2005
- 94 3N e sdhpddelsndgemother ArEtyn- In frame #n, thed frane
#n+1 supplied framthe binary-object-imge extracting portion 302. An area
det er mi Wﬁﬁﬁq%&?w d&t & heskgreunrearsp are BREnLPHr&El of frame #n

based o e, Bl 1AL 0t sel ] Tag of0 LA MLty Ly ate . and [rar anel
ot oo m RGeS YRR TRLSpERER Roi NCEFost 1B CERRY ABThinary
object Eﬂﬁgﬁi&%l%r%gﬁo%Giha Qo LhE BESEgggﬁgéngPég are the first
| through ninth pixels from the left.
An example of the background image corresponding to fhe
example shown in Fig. 30 éenerated by the background image

10 generator 301 is shown in Fig. 31. The background image

consists of the pixels corresponding to the background

object, and does not contain image components corresponding

to the foreground object.
The binary-object-image extracting portion 302
- 15 generates a binary object image based on the correlation
between the background image and the input image, and
supplies the generated bihary object image to a time change
detector 303.
Fig. 32 is a block diagram illustratiﬂg the
20 - configuration of the binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the
correlation between the background image supplied from the
background image genérator 301 and the input image so as to
generate a correlation value, and supplies the generated

25 correlation value to a threshold-value processor 322.




portion 342 determ nes that the pixel of interest in fragp,g#ddpgs5ongs to

t he background area. Wien the pixel ‘of interest of the blnary obj ect inmage
inframe #n is 1, and when the corresponding pixel of the 15 binary object
image in frame #n-1 is 1, and when the correspondi ng pi xel of the binary
object image in frame #n+l is 1, the area determ ning portion 342

determ nes that the pixel of interest in frame #n belongs to the
foreground area. \Wen the pixel of irgfrgst of the binary object image 20
in frame #n is 1,. and when the correspondi ng pi xel of the binary object
image in frame #n-1 is 0, the area determning portion 342 determ nes that
the pixel of interest in frame #n belongs to a covered background area.
When the pi x@heicomedesdpnefraihe bahanjabbred?li apgbie@bequatiame #n is 1,
~and when the corresponding pi xel of the 19 August 2005 - 95 binary object
i mage i (%Y difer #Pn gxample,hdxdrbacherenndniinggepblocka B42idgt ¥ mi nes t hat
the pixel of interest in frame #n belongs to an uncovered background area.
Fig. .3@% 11hatqentey afse siwphe ibf Filge égt@\er gndatpenforsewandplpy the tine
change dete%}or 303 on .the blnarx obj ect image corresponding to the nodel
of the i q%‘@gfé’"@ﬁomaﬂﬁ bipg] SSbaV‘Fﬁé ¥i net cehbmgeerfere diiviclz03

det epm nes that st _through fifth pixels fromthe left in_frame #n
bel ofg FELGTE &Pb&h& 55859§8HB€ ﬁﬁégéopiegbﬁnd?ﬁgsb?yél%noFlghe 10

nar n #n ) h [
3gt ';?n %@gﬁf%&e g ga%{:ﬁi% 8" 8o el g T, FOENIS, SELSSE QL S03

to ¥,.

E (Xi - X)E (Yi - )

Correlation value = 1=0 = (4)

\/Z(xi - EE) . Z(Yi - Y)

Xi
- 1=0
X = = (5)
a8
Yi :
v i=0
10 Y = = (6)

The correlation-value calculator 321 supplies the
,éorrelation value calculated for each pixel as discussed
-above to the threshold-value processor 322.

Alternatively, the correlation-value calculator 321 may

15 apply equation (7) to, for example, 3x3—background'image
blocks having X, at the center, as shown in Fig. 34A, and to,
for example, 3x3-background image blocks having ¥, at the
centef which corresponds to the background'image blocks, as

- shown in Fig. 34B, thereby calculating the sum of absolute

20 values of differences corresponding to Y,.




|

|

‘speci fyi ng ufibe FO3rpiagésBrvaéHepen

through ninth pixels fromthe left belong to the uncovengg, h&@skgsound area
since the pixels of the binary object image in franme #n arg 1, and the
correspondi ng pixels in frame 15 #n+1 are 0. The tine change detector 303
determnes that the tenth through thirteenth pixels fromthe left bel ong
to the foreground area since the pixels of the binary object image. in
frame #n are 1, the corresponding pixels in frane #n-1 20 are 1, and the
correspondi ng pixels in frane #n+l arg,1. The tine change detector 303
determ nes that the fourteenth through seventeenth pixels fromthe left

" bel ong the covered background area since the pixels of the binary object

image in frame #n are 1, and the corresponding 25 pixels in frane #n-1 are

0. 19 August 20 --. 96 The tinme c e det ect on~303 determi nes that the
ei ght een mt%fo%fﬂﬂt‘%kent‘ﬂﬂ q‘?sst"fpi‘{}g%rﬁ“&ﬁst ﬁeZﬁ 1 pe¥ng to the

-background area since the corresponding pixels 61 the binary object image

in frame #n are 0. 5 The area specifgingégrocg;zing pfrforned by the area
A tor r 32 bravpel @S tke fumwchart of

Fig. 39. In.step S301, the background inmage generator 301 of the area
specifyfﬂgtﬁﬁi@- uter v3dees pdér thexdibterenses nagdcubpted @9rresponding
to a background 10 object contained in_an input inmage based on the input
i mage §§1P@dg§H8V%téoatggcﬁ&F&ﬁﬁﬁlﬂﬁﬁ@éFeaﬁﬁogﬁﬁﬁ?Fe%zgh%s Bader at ed
backgr oyng 1189¢ ohOvh§el! Nary- obj ect -imge
The threshold-value pfocessor 322 compares the pixel
value of the correlation image with a threshold value tho.
If the'correlation value is smaller than or equal to the
threshold value th0, 1 is set in the pixel value of the
10 binary object image. If the correlation value is greater
than the threshold value th0, 0 is set in the pixel value of
the binary object image.: The threshold-value prdcessor 322
then outputs the binary object image whose pixel value is
set to 0 or 1. The threshold-value processor 322 may store
15 the threshold value thO therein in advance, or may use the
threshold value thO. input from an external source.
| Fig. 35 illustrates the binary object image
corresponding to the model of the input image shown in Fig.
30. In the binary object imége, 0 is set in the pixel
20 values of the pixels having a higher correlation with the
background image.
Fig. 36 is a block diagram illustrating the
configuration of the time chénge detector 303. When

determining the area of a pixel in frame #n, a frame memory




extracting portion 302. In step S302, the binary-object 15nRg6st28bsacti ng 15
portion 302 cal culates a correlation value between the inpu i mge and the
background i mage supplied fromthe background image generator 301
according to, for exanple, calculation discussed with reference to Figs.
33A and 33B. In step S303, the binary-object-inmge extracting portion 302
computes a 20 binary object image fromthe correlation value and the

t hreshol d val ue thO by, for exanple, ﬁgnparing the correlation value with
the threshold value tho'. In step S304; the tine change detector 303
executes the area deternining processing, and the processing i s conpl eted.
25 Details of the area determ ning processing in step S304 19 August 2005
97 . are descstdees bel binait hob et eiage off Mordnieoviohdr.t fofam@ ¢gn, 40. In
step 532.1, the area determ ning portion 342 of the tinme change detector
303 det eanilnEcambefmel $hpphied|fdn the drigwryodiegte MRt ored in the
frame menory 341 is 0. 5 1If it is determned that the pixel of interest in
frame #nextzagtingiepprotens3®?oceeds to step S322. In step 5322, it is
determ ned that the pixel of interest in frame #n bel ongs to the_

backgr ound arf¥n,arefl detenmisdads pDeF tilonc 84yl dedgrmipest the gEedrffned in
step S321 that the pixel of 10 interest-in frame #n_is 1, the process

pr ocSedseeh seEpe 5398 £rafe shppasl on Hbheparst QST g 139t Pdn 342 of
the tinme_ change detector 303 determ nes# whet her t\%‘% pi xel qof interest in
frame #ntERWe th1h (HeAwe e AitthAFase #A0dl) SO 55 Wfedfliprate atea

information, and outputs the generated area information.
Fig. 37 illustrates the determinations made by the area
determining portion 342. When therpixel of interest of fhe.
.10 binary object image in frame #n islo, the area determining
portion 342 determines that the pixel of interest in frame
#n belongs to the background area.
When the pixel of %nterestrof the binary object image
in frame #n is 1, and when thé corresponding pixel of the
15 ©binary object image in frame #n-1 is 1, and when the
corresponding pixel of thé binary object image in frame #n+1
is 1, the area determining portion 342 determines that the
pixel of interest in fréme #n belongs to the foreground area.
When the pixel of interest of the binary object image
‘20 in frame #n is 1, andrwhen the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining
portion 342 determines that the pixel of inte;est in.frame
#n belongs,to.a covered background area.
When the pixel‘of interest of the binary object image

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




the corresponding .pixel in frame #n-1is 0. If it is 151degu&idned that the

.pixel of interest in frame #n is | and. the corresponding pixel in franme .

#n-1 is 0, the process proceeds to step 5324. In step S324, it is
deternmined that the pixel of interest in frame #n belongs to the covered
background area, and the processing is conpleted. 20 If it is determned in
step-S323 that the pixel of interest in frame #n is 0, or that the
correspondi ng pixel in frame #n-1 Lsgé,_the process proceeds to step 5325.
In step S325, the area determ ning portion 342 of the tine change
det-ector 303 determ nes whether the pixel of interest 25 in frame #n stored
in the frame -menory 341 is 1, and whether 19 August 2005 - 98 .the

cor i espohdhagyppkaect nihageeinnigang #n+1{is 10 sthej@rgaridadearHainthe pi xel
of interest in frame #n is 1 and the corresponding pixel in frame #n+l is

0, the ppeEtien BA3cdetsrmpnas cphalshe |pixgkpBapterqst @M ned t hat

5 the pixel of interest in frame #n belongs to the uncovered background
area, antint Relprgeectai #y MRCRWPHFLtRACkIFOURd jar9ft ernined in step S325
that the pixel of _interest in frame #n is O, or that the cgnresponding

pixel in framd#n¥ HMUStEHEDH A EFEREe Oddd o ISEEFMIBFIOPR 10 step
el R W TN TR O R i
;?;Sg;gggﬁ?gé ﬁ%bﬁﬁggpéh i :?é o&’e Stsljxen%odei Co%heet e:i_dripu'%s jﬁjriasg%us_s%%qmanlve, _t he
| _Fig. 30. The time change detector 303 determines that the
first through f£ifth pixels.from the left in frame #n belohg
te the backgrouhd area since the corresponding pixels of the
10 binary object image in frame #n are 0.

The time change detector 303 determines that the sixth
through ninth pixels from the left belong to the uncovered
background area since the pixels of the binary object image
in frame #n are 1, and the corresponding pixels in frame

15 #n+i are 0.

The time change detector 303 determines that the tenth
.through thirteenth pixels from the left belong to the
foreground area since the pixels of the binary object image.
in frame #n are 1, the corresponding pixels in frame #n-1

.20 are 1, and the corresponding pixels in frame #n+l are 1.

The.time change detector 303 determings that the
fourteenth through seventeenth pixels from the left belong
to the covered background area since the pixelé of the

binary object image in frame #n are 1, and the corresponding

25 pixels in frame #n-1 are 0.




15 able to specify, based on the correl ati on val ue bet haput i mge
and the correspondi ng background i mage, to which of tﬁgg?gpgggggﬁd _
area, the background area, the covered background area, or the uncovered
background area each pixel of the input inage bel ongs, and generates area

i nformati on 20 corresponding to the specified result. Fig. 41 is a block
diagramillustrating another configuration of the area specifying unit

103. The area specifying unit 103 usgg a notion vector and positional

i nformati on thereof supplied fromthe notion detector 102. 25 Thé sane

el ements as those shown in Fig. 29 are designated 19 August 2005 - 99 wth
|i ke reference nunmeral s, and an expl anation thereof is thus omtted. A

r obust - pr oces&ien§ip6r chandge defenspat 883adespuninesi fhay sheect i mage based
on binary. object images of N 5 franmes supplied fromthe
binary-d%&%k#Q?Qﬁﬂﬁ$h§ﬂﬂ&§ﬂﬁ%ﬁ?tﬁﬂﬁﬂﬁﬁﬁ1R&%?}Saﬁaﬂﬁuﬂﬁﬁt§e¢ﬁeb@é989t bi nary
obj ect .ipa tqQq the tine change detector 303. Fig. 42 is a bl ock diagram

i 11 ustrat? %%‘et ﬁ?“g‘cﬂ{:ﬂ“&@r &55Gh 3P endheo FeSTesPoRddson B 1F6Asi 68 the. A 10

rages. FTURER SHEeadad g sPnd ‘A g ¢ee1 Bt and the posi tional -
o o 3 g AR TR R Bty R Snsovtpus @
specifying unit 103 is described below with reference to the
-.fiowchart of Fig. 39. 1In step SBOl,_the backgroﬁnd'image
generator 301 of the area specifying unit 103 extrécts, fbr
example, an image object corresponding to a background
10 ‘object contained in an input image based on the inpuet image
so as to generatg a background image, and supplies the |
generated background image to the binary¥object—image
extracting portion 302.
| In step S302, the binary-object-image extracting
15 poftion 302 calculates a correlation value between fhe input
image and the background image supplied from the background
image generator 301 according to, for example, calculation
discussed with reference to Figs. 33A and 33B. In step 5303,
the binary-object-image extracting portion 302 computes a
20 binary object image from the correlation value and the
threshold value th0 by, for example, comparing the
correiation value with the threshold value tho.
In step S304, the time change detector 303 executes the

area determining processing, and the processing is completed.

25 ’ Details of the area determining proceséing in step S304




15 The notion conpensation perforned by the notion corrngrmghg{rzoagl is
di scussed below with reference to exanples shown in Figs. 43 and 44. It is
now assumed, for exanple, that the area in frane #n is to be processed.
When binary object inmages of frame #n-1, frame #n, and frane #n+l 20
shown in Fig. 43 are input, the notion conpensator 381 conpensates for the
notion of the binary object image of frame #n-1 and the binary object

i mge of frame #n+1, as - indicated by the exanple shown in Fig. 44, based
on the notion vector supplied fromtﬁ’e notion detector 102, and 25

suppl i es .the notion-conpensated binary object inmages to the 19 August 2005
- 100 -switch 382. The switch 382 outputs the notion-conpensated binary
obj ect i magedescriibefli belo¥r wivkht pefiefenne henthy BB3vahammdf didputs t he
not i on- conpensat ed bi nary object inmage of the 5 second frane to a frane
menory 389-2. I8 gtear$§21lt hehewnred dgBormimpeg sPehiklemtdoh-torfdthsat ed

bi nary obj ect inmages of the third through (N-1) --th frane to franme

menor i es t388- ghapgeodghegtar (R03) dehpambiepurie trrr ndte dxdhdhsat ed

bi nary object image of the N-th frame to a frane nenory 383-N. 10 The
franme neABEGress- insfErEe ¥ReSHIFPANIR obpR SRR MYRHEF 3 bbjEtt? i mage of
the first frane, and outputs the .stored. binary object, i e<§9h9 :

vei ght i ngEpdFt Fondegartined that jhhe kel ggsinterqihdln

Stored 15 Oni PAr\PEBTEEY FRAGEES vl T a7 porth df Gbgiy s, dv Puis the
is determined-that the pixel of interest in frame-#n beIOngs
to the background area, and the processing is completed..

If it is determined in step S321 that the pixel of
10 interest in frame #n is 1, the process proceeds to step S5323.
In step S323, the area determining portion 342 of the time
change detector 303 determines whether the pixel of interest
in frame #n stored in the frame memory 341 is 1, and whether
‘the corresponding pixel in frame #n-1 is 0. If it is
15 determined that the pixel of interest in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S324. : In step S324, it is determined that
‘the pixel of interest in frame #n belongs to the covered
background area, and the processing is completed.
20 If it is determined in step $323 that the pixel of
ihterest in frame #n is 0, or that the corresponding pixel
_in frame #n-1 is 1, the process proceeds to step S$325. 1In
step $325, the area determining portion 342 of the time
change detector 303 determines whether the pixel of interest

25 in frame #n stored in the frame memory 341 is 1, and whether




Simlarly, the frane menori es 383-3 through 383-(N-1) sqgmﬁgugh@o5 -
not i on- conpensat ed bi nary object images of the third through (N-1)-th
frames, and outputs the stored binary object images to weighting portions
384-3 through 384-(N-1).- 20 The frane nenory 383-N stores the

not i on- conpensated binary object inmage of the N-th frame, and outputs the
stored binary object inmage to a weighting portion 384-N. The wei ghti ng
portion 384-1 nultiplies the pixel vabge- of the notion-conpensated binary
object image of the first 25 frame supplied fromthe frame nenory 383-1 by
a 19 August 2005 -- 101 predeternined wei ght W, and supplies a weighted

mil £ {Jl.es cEheLBaF Spd AR T e B LB Y o 4
of Lhe Sgcolth i &l@n&rﬁg&eﬁm@géﬂ? 1A ta%%ﬁééeb 3, Rgfdet er m ned

wei ght supp I es bi nary o

accunul 3ﬁ#g , rqt i 3 3 gh 384-(N- 1)

'nultipls%§%e plxé%ﬁva ues d?nghe no f%%gé@ﬁﬁéﬂggﬁéd%%ﬁ B%%ary obj ect images
of .the this f rges: f;Q ries
383-3 thlé]%u(gehé(i?:%g&gI\hsl-tgl(%\]!s l])%lgéép:r edet er rﬁnflelb?qwel 3ﬁ 1= %f%&gﬁgﬁm?ﬁg? -and

suppki esthd1gpi el W ech ity 19Pifdme MG e tﬁ%cﬂméb@te?éd?’% The
wei ghting portion 384-N nultiplies the pixel value of

ot i on- apensated d¥dmr anebjeet pritRessahgt Ae ut,}nblgltaae suppl ied fromthe
frame nenory 383-N by a predeterm ned 7 .
If it is determined in step S325 that the pixel of
interest in frame'#n is 0, or that the corresponding pixél
in frame #n+l is 1, the}process proceeds to step 5327; In
-_ 10 step 5327, the area determiniﬁg.portion 342 of the'timé
| change detector 303 determines that the pixel of interest in
frame #n belongs to the foreground area, and the processing
is completed.
As discussed above, the area specifying unit 103 is
15 able to specify, based on the correlation value between the
input image and the corresponding background image, to which
of the foreground_area,ithe background.area, the covered
background area, or the uncovered background area each pixel
of the input image belongs, and generates area information
20 corresponding to the specified result.
Fig. 41 is a.block diagram illustrating another
configuration of the area specifying unit 103. The area
_speciffing unit 103 uses a motion vector and positional
information thereof supplied from the motion detector 102.

25 The same elements as those shown in Fig. 29 ére designated




melght W\, and supplies the melghted blnary obj ect i mageg gy U&Q905 _
accunul ator 385. The accunul ator 385 accunul ates the pi xel values of the.

20 notion-conpensated binary object images nmultiplied by the weights wl

t hrough wN of the first through N-th franes, and conpares.the accunul ated
pi xel value with the predetermined threshold value thQ thereby generating
the binary object image. 25 As discussed above, the robust-processing
portion 361 19 August 2005 - 102 gengpates a robust binary object inage
from N binary object imges, and supplies it to the time change detector
303. Accordingly, the area specifying unit 103 configured as shown in
Fig. 41 is able to specify the area nore precisely 5 than that shown in
Fig. 29 eM@m ifikeoreferencentaierdlsn ené anngrRlanakken THeEERAh ‘e fying
processing performed by the area specifying unit.103 configured as shown
in Fig. 4hussomidéedri bed below with reference to the flowchart of Fig. 45.
- 10 The-processings of step S341 through step S343 are sinmilar ., to those.of
step S301 t hr Bughbes eypISIVIs ¢ 2% RITELAM 13 rﬁﬁQﬁﬁﬁﬁﬁ§ HOPYSY ovchart of
Fig. 39, and an explanation thereof is thus omt | D_ste 5344, the

r obust - pbdoesyi 0§ ipott iBaggehases B@r?b?ﬂ%ytﬂBJ?% uETa%ﬁ%ceSS|ng In step

S345, the;time change detector 303, perfor ar ea ng
processi Agemesd cneLbpEcEsemEh sbLBRpY o acE infbE LHELE LY

portion 302, and outputs the robust binary object image to
the time change detector 303.

Fig. 42 is a block diagram illustrating the
configuration of_the robust-processing porfion 361. A

10 “motion compensator 381 compensates for the motion of the

5inary'object images of N frames based on fhe motion vector
" and the positional information thereof supplied from the
motion detector 102, and oufputs a motion-compensated binary
object image to a switch 382.

15 The motion compensation performed by the motion
compensator 381 is discussed below with reference to
examples shown in Figs. 43 and 44. It is now assumed, for
example, that the area in frame #n is to be processed. When
binary object images of frame #n-1, frame #n, and frame #n+l

20 shown in Fig. 43 are input, the motion compensétor 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the example shown in Fig. 44, based on the
motion vedtor Supplied from the motion detector 102, and

25 supplies the mbtion—compensated binary object images to the




Details of the processing of step S345 are simlar tot ing

di scussed with reference to the flowhart of Fig. 20 40?§£w§ﬁ§%®2§planatron
thereof is thus omtted. Details of the robust processing corresponding to
the processing of step S344 in 'Fig. 45 are given belowwith reference to
the flowhart of Fig. 46. In step S361, the notion conpensator 381
perfornms the notion conpensation of 25 an input binary object inmge based
‘on the notion vector and 19 August 200%0-- 103 the positional information
t hereof. supplied fromthe notion detector 102. In step S362, one of the
frame nenories 383-1 through 383-N stores the correspondi ng
nntion-eggg%ﬁﬁasg bi nary object image supplied via the switch 382. In’
step S363, the Toblust-processing portion 361 determ nes whether N binary

obj ect - i mage e e fo term,ned that N bi.nary.object inmage
are not stor et FREERF Gied odipd ey, MRS Aol R EIREEEC S g Tor
~conpensagjg cftOimggs 8Pt LY @{réeeﬂg&n@% DI &Gnd MRYGAP L0 1t Ny
processing for stofing the binary object I mage are Tepeated. I‘f Tt is

det er m ng@tpit§t €Re Sﬁ@@iéﬁ%or&%&%&d m%#%‘%% Wy o the

t he, process proceeds to step Ing 1s. perfornmed. In

st ep 55364ecdbh® FRAMEEANG 1o H PS4 .hr augh 384N et skl chhe
corresponding N binary object inmages by the weights w™ through WN. I n step

S365,  t hes2CEUEHL S Ofhed G AL BUNetfs i WineRho b di Naayeabbect | mages.

the third through (N-1)-th frame to frame memories 383-3

through 383-(N-1), and oﬁtputs the motion—compensated'binéry
object image_of the N-th frame to a frame memory 383-N.

10 The fraﬁe memory 383-1 stores the motion-compensated
‘binary objéct image of the first fréme, and outputs the
stored binary object image to a weighting portion 384-1.

The ffame memory 383-2 ﬁtofes.the motion-compensated binary
object image of the second frame, and outputs the stored

15 binary object image to a weighting portion 384-2.

Similarly, the frame memories 383-3 through 383-(N-1)
stores the motion-compensated binary object images of the
third through (N-1)-th frames, and outputs the stored binary
'objeét images to weighting portions 384-3 through 384-(N-1).

20 The frame memory 383-N stores the motion-compensated binary
object image of the N-th frame, and outputs the stored
binary object image to a weighting portion 384-N.

The weighting portion 384-1 multiplies the pixel value
of the motion—compensated binary object image of the fifst

25 frame supplied from the frame memory 383-1 by a




I'n step S366, the accunulator 385 generates a binary 2¢g@ahhggbobsage from
the accunul ated i nages by, for exanple, conparing the accuhul ated val ue -

w th.a predeterm ned threshold value thi, and the processing is conpleted.
As di scussed above, the area specifying unit 103 configured as shown in
Fig. 41 is able to generate area 25 information based on the robust binary
obj ect image. 19 August 2005 - 104 As is seen fromthe foregoing
description, the area specifying uni{,4103 is able to generate area
information indicating to which of the noving area, the stationary area,

t he uncovered background area, or the covered background 5 area each pi xel
contained in a franme belongs. Fig. 47 is a block diagram.illustrating the
confi gur piriedetefmihedniveight- Wit i @1@ a$eRPhiof qowﬁlqﬁied binary
~estimated-m xture-ratio processor 401 calcul ates an, estimated .m xture
rati o foobgech pinree by aal egrErphatar 138 %odelPorvel BV E P BEcKSr ound area
based on the notion vector and the positignal infornatiqy(%n§h§%£ supplied
from t he 38dtRomudsindies the BAgeLn¥aing et HRGLTOUHP STPHTES e

calcul ated estimated m xture ratjo to a o xture-rati.. .4 Ng portion
403. 15 Rinasyi pRiegininedee®fafPs Proceds ?aﬂﬁzs%%?gﬁ?gﬁéghghﬂkgstinated

m xture ratio for each pixe|l by calculatin dncover ed
backg? ouk&ameeBeBaEEd 364 £h Yn%tPBﬁgev%E?%gegnﬁg¥%§éﬁ@%i??Bnal i nformati on

e o Supp118S the kel BR A" boRafl! 638k« 19Ragl0d ond Wbburk iR r and

385.

Likewise, the weighting portions 384-3 through 384-(N-

1)} multiply the pixel values of the motion-compensated

10 binary object images of the third through (N-1)-th frames
supplied from the frame memories 383-3 through 383-(N-1) by
predetermined weights w3 through w{(N-1), and supp}ies the
ﬁeighted binary object.images to the accumulator 385. The

weighting portion 384-N multiplies the pixel value of the

15 motion-compensated binary object image of the N-th frame
supplied from the frame memory 383-N by a predetermineq
weight wN, and supplies the weighted binary object image to
the accumulator 385.

The accumulator 385 accumulates the pixel values of the
' 20 motion-compensated binary object images multiplied by the:
weights wl through wN of the first through N-th frames, and
compares the accumulatedlpixel value with the prgdetérmined
threshold value th0, thereby generating the.binary object
image.

25 As discussed above; the robust-processing portion 361




20 the calculated estimated m xture ratio to the nixturgghﬁ%aa pfet er m ni ng
portion 403. Since .it can be assuned that the object corres on&ing to the
foreground is noving with constant velocity within the shutter tine, the
m xture ratio a of the. pixels 25 belonging to a m xed area exhibits the
followi ng 19 August 2005 - 10 5 characteristics. That is, the mxture
ratio a linearly changes according to the positional change in the pixels.
| f the positional change in the pixelgyps.one-dinensional, a change in the
mxture ratio a can be represented linearly. 5 If,the positional change in
the pixels is two-dinensional, a change in the mxture ratio a can be

represented on a plane. Since the period of one fr 1 S_sho L4+ can be
assumed @h@hrbhesobjeobus@rbégpﬁﬁdpggeﬁﬁ %ﬂ@g?ofgamgﬂﬁ%l?%fi 6%4%&% body

moving with constant velocity. 10 The gradient of the m r atio ais
inverselymwgﬁmpommﬁoﬁappﬂéeﬁhétaﬁﬁuﬁpeoFlﬂ%v£H§ﬂ9evg%}? ?%Pt %ishutter

time of the foreground. An exanple of the ideal X Fo,a is shown in
Fig. 48AcHradimadiventthe @FeﬁhépP&égﬁlﬁgxPﬂ?g #g?}85§£$%ﬁ?%% ?% m xed area

can be represented by the reciprocal of the no o} VEPER} s¥1yAs shown
in Fig. 48iowhdn féd- ﬁﬂxﬂﬁr@bﬂgt%8 ﬁpeﬁégytﬁge %g%ae$%?glﬁin the ~

background area, the value of O i,n the foreqtound.argaradhdat e vedue of
great &r tihan 0hatd sheogny & F?@'t?gnefepng?hgg%ggegsaégaFa

‘input image. : |
The area specifying processing performed by the area

specifying unit 103 configured as shown in Fig. 41 is

described below with reference to the flowchart of Fig. 45.

10 The processings of step g341 through step S343 are similar

to those of step S301 through step S303 discussed with

reference to the flowchart of Fig. 39, and an explanation

thereof is thus omitted.

In step 5344, the;robust—processing.portion 361

15 performs the robust processing.
In step S345, the time change detector 303 performs the

area determining processing, and the processing 1is completed.

Details of the processing of step 9345 are similar to the

processing discussed with reference to the flowchart of Fig.

20 40, and an explanation thereof is thus omitted.

Details of the robust processing corresponding to the

processing of step S§344 in Fig. 45 are given below with

reference to the flowchart of Fig. 46. 1In step 5361, the

" ‘motion compensator 381 performs the motion compensation of

25 an input binary object image based on the motion vector and -




In the exanple shown in Fig. 49, the pixel value Q06 of 1gphhgusiougnt h pi xel
fromthe left in frane #n can be indicated by equation (8) by using the:

pi xel value P06 of the seventh pixel fromthe left in frame #n-1. 25 19
August 2005 - 10 6 - CO6 = BO6/v+B06/v+FO /v+F02/v = P06 / v + P06 / v +
FO1 / v + F0O2 / v z 2/v-P06+ Fi/v (8) In equation (8), the pixel value C06
Is indicated by a 5 pixel value Mof the pixel in the m xed area, while
the pixel value P06 is indicated by & pjxel value B of the pixel in the
background area. That is, the pixel value Mof the pixel in the mxed area
and the pixel value B of the pixel in the background area can be

represented by equations 10 and' (10), respectiv%%¥. M = 926 .éé? B = P06
(10) (9) the pgeational8informatbencthereRt t PRLLe ETA® § i HO™ Since

the amount of novement v is 4, the mxture ratio a of 15 the seyenth pixel
from thedegerton £Pame #n Ftep. 836As o cREsERE abodee PHROPISRINal'ue C in
frame #n of interest is considered as the fixel value in the (fed area,-

‘vihi | e t héhpioxgh 38Bul Pteresr Ehe SATICHPPRIIED ‘F?“ah%“%o'i‘%ensa{g

binary object image supplied via the switch 382.

5 - In step S363, the robust-processing portion 361
determines whefher N binary object images are stored. If it
is determined thét N binary object images are not stored,
the process returns to step $361, and the processing for.
compensating for the motion of the binary object image and

10 the processing for storing the binary object image are
repeated. |
If it is determined in step S363 that N binary object
images are storéd, the process proceeds to step $364 in
which weighting is performed. In step S364, the weighting
15. portions 384-1 through 384-N multiply the correspondigg N
binary object images by the weights wl through wN. |
In step S365, the accumulator 385 accumulates the N
weighted binary object images.
In step S$366, the accumulator 385 generates a binary
20 object image from the accumulated images by, for example,
comparing the accumulated value with. a predetermined
threshold value thl, and the prOcessing_is'completed.
As discussed above, the area specifying unit 103
configured as shown in Fig. 41 is able to generate area

.25 information based on the robust binary object image.




considered as the pixel value in the background area. 2QgAu§@tdoog!y,
equation (3) indicating the mxture rati.o a can be represented by equati-on
(11): C = P+f where f in equation (11) indicates the sumof the foreground
19 August 2005 107 conponents Ei Fi/v contained i.n the pixels of interest.
The variables contained in equation (11) are two factors, i.e., the

m xture ratio a and the sumf of the foreground conponents. Simlarly,
anodel obtai ned by expanding in the tiG% direction the pixel values in

whi ch the ambunt of novenent is 4 ,and the nunber of virtual divided
portions is 4.in an uncovered background area is shown in Fig. 50. As in

the representgdion e 'Fr&r?‘e"iflﬁéa% A P?Jne%sg]ﬂg’ﬂ&‘o et Beeyncovered

background area, the pixel v e C fint'erest i's consi dered

as the Pbyebizalig wftit NP0l 8oy ok g GGl Snotihilg N, 0f frame

#n+1 subsequent to frame #n is considered as the background area.

~Accor di nghilicaegugt t &K £oh | el G IGrAde d¥ed Urghd At 1285 2
represent ed by gﬁ%ation (12). C=a ﬁgf (12) The en€§€$hent ﬁgg%ﬁeen
descri bethe asstoverged NedckdioulB DU At Hovier et HdRyohungHovever ,

equations (8) through (12) can be.applied to the case in which the
5 area each pixel contained in a frame belongs.

Fig. 47 is a block;diagram illustrating the
configuration of the mi#tﬁre—ratio calculator 104. An
estimated-mixtUre—ratid processor 401 calculates an
estimated mixture ratio for each pixel by calculating a

10 model of a covered background area based on the motion
vector and the positional informafion theraof supplied from
the motion detector 102 and the inpﬁt'image, and supplies
the calculated estimateq.mixture ratio to a mixture-ratio
determining portion 403;

15 An estimated-mixture-ratio processor 402 calculates an
estiﬁated mixture ratio for each pixel by calculating a

" model of an uncovered ba?kground area based on thé motion
vector and the positionai information thereof supplied from
the motion detector 102 and the input image, and- supplies

'20 the calculated estimated mixture ratio to the mixture-ratio

- determining portion 403.

Since it can be assumed that the objedt'corresponding
to the foreground is moving with constant velocity within
the shutter time, the mixture ratio o of the. pixels

25 belonging to a mixed area exhibits the following




20 background object is noving by using the pixel value1gmugwﬁ@hgg | ocat ed -
correspondi ng to- the anmount of novenent v of - the backgroun I's now -
assuned, for exanple, in Fig. 49 that the anmount of novenent v -of the

obj ect corresponding to the background is 2, and the nunber of virtual

di vided 25 portions is 2. In this case, when the object corresponding 19
August 2005 - 108 to the background is noving to the right in Fig. 49, the
pi xel value B of the pixel in the backgfound area in equation (10) is
~represented by a pixel value P0O4. Since equations (11) and (12) each

contain two 5 variables, the mxture'ratio a cannot be determ ned w t hout

‘nDdifyinghkggcgggggtggéor ﬁg{diggl t$§%£5%ng§# ratlo a 1s :ﬁgternlned by

formul ati ng equati ons xel eIon g to He Fixe a and the

cor r espoeglage é@bo?@hﬁ@gtggtﬁé’ @&&@f&f@i Uhd? A hd 1aacardance i th

t he anmount of novenent v of the or eground anount of

Tovement 1f, thECpBBLEondECtRinGd i nd 491 4d 000 s | IHAIIRRIRN drla el

supplied fromthe notion detector 102 are utiliz 15 A ptlon is

now gi veshahga Al eHEahifPubé fheio agtddmid Mipdtdidhdeat 110 b hike
estimated-m xture-ratio processor 401 by using the anpbunt of ndbvenent v

based onIfhehavpesitionaspedhdy 110 e wionarLd Haskoaamahsabsal,! 8 the
exanpl e shown in Fig. 49 corresponding to the 20 covered background area,
‘equat i oncladge cim tiod dnixtierd aratii? a can be represented on a plane.
Since the period of one frame is short, it cah be
assumed that the object corresponding to the foreground is a

rigid body moving with constant velocity.

10 ' The gradient of the mixture ratio « is inversely

proportional to the amount of movement v within the shutter

time of the foreground.

An example of the ideal mixture ratio o is shown in Fig.
48. The gradient 1 of the ideal mixture ratio o in the

15 mixed area can be represented by the reciprocal of the

amount of movement v.

As shown in Fig. 48, the ideal mixture ratio «. has the
value of 1'in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller

20 than 1 in the mixed area.

In the example shown in Fig. 49, the pixel value C06 of
the seventh pixel from the left in fraﬁe #n can be indicated
by equation (8) by using the pixel value P66 of the seventh
pixel from the left in frame‘#ﬁ—l.

25




of frame #n-1, and equati on (14) can hold true for C06 Q§Au &ﬁ@@oﬁn 2
P02=2/ vB02+I . F|/v (13) 19 August 2005 - 109 Q06 = 2/ BO6 + Fi /[ v (14)
In equations (13) and (14), the val ue corresponding to the mxture ratio a
is the sane, i.e., 2/v. In equations (13) and (14), the val ue
corresponding to thé sumof the. foreground conponents are the sane, i.e.,
That is, the mxture ratio a and the sumof the foreground conponents of
P02 of frame #n-1 are the sane as 10 hgose of C06 of frame #n; and it can
be said that C06 of frane #n corrésﬁ dS to P02 of frane #n-1 because of
the notion of the foreground object. By using the assunption that the

obj ect corresponding to the foreground is noving with constant velocity
over a- 15 plurality of frames, and that the foreground conponents are

uni form it cdog ROBEEN ¢ { Rrelast %@R|PQ3|I%%% f sets, each set consisting
of a pixel belong%%g to the mxed ared and correspondlng pi xel

belonging to the Kg¥ otif®6af 6 + BAbse vnirxEQLR € vati o a and(€he sum of the
foreground 20 conponents are £ he sane, -in accordance w th the anount of

novenent v of the2f/ovegp@iind YlFie¢tv. For exanple, five sets, each set
consisting of a pixel belongifag to the m xed area and the correspondi ng

‘pjxel bel onging to the background area, 19 August 2005

In equation~(8)} the pixel value C06 is indicated by a
-5 pixel value M of the pixel in the mixed area, while the
pixel value POG is indicated by a pixel value B of the piiel
in the background area. That is, tﬁe_pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area can be representéd.by equations (9)
10 and (10), respectively.
‘M = C06 i , (9)
B = P06 _ (10)
In equation (8), 2/v corresponds to the mixture ratio .
Since the amount of movement v is 4, the mixture ratio a of
15 the seventh pixel from the left in frame #n is 0.5.
As discussed above, the pixel value C in frame #n of
interest is considered as the pixel vélue in the mixed aréa,
while the pixel value P of frame #n-1 prior to frame #n is

considered as the pixel value in the background area.

'+ 20  Accordingly, equation (3) indicating the mixture ratio o can

be represented by equation'(ll):
C = a * P+f (1)

where £ in -equation (11) indicates the sum of the foreground




- 110 can be prepared. For exanple, as shown in Fig. SQAhguggg@gdance
with the anount of novenent. v of the foreground object, pixels Ml

t hrough M5 bel onging to the mxed area and the 5 correspondl ng pi er s Btl
t hrough Bt5. belonging to the background area, respectively, can be
selected fromframe #n-3 through frane #n+2. Equations (15) through (19)
can hold true for the pixels MI through I\/t5 and the pixels Btl through
Bt5, 10 respectively: M| = a Btl+f (0 = a Bt2+ (16) M3 = a
Bt3+f (17). M4 = a Bt4+f (18) 15 M L Mo ot (19) where f in
equations (15) through (19) indicate the sumof the foreground conponents
fiFi/v. In the five equations, i.e., in equations (15) through (19), the
comon vaeTRdherts 2,d1/wt gonfingde inathe piaalls @0 iheesestf ofhéhe

f or egr ound. conponents are contai ned. - . Accordi ngly, by, applying the nethod

of | eastVAEiaRkes teontafnad Gﬁ’se(%@)tltoﬁlr ddgh @re) twoh&agitersreiratio a and
- the sumf of the foregcéound components can be obtained. For exanple, the

est i mat etheriBdxiEEs Proddss dheqepm 15 oft dhes farseretnd equation for

cal cul ati nrgpgnheen m xt ure ratio a-19 August 2005

5 Similarly, a‘moael obtained by expanding in the time
direction the pixel vaiues in which the amount of movement
ris 4 and the number Oflvirtual divided portions is 4 in an
uncovered background area is shown in Fig. 50. |
As in the representation of the covered background area,
10 in the uncovered background area, the pixel value C of frame
#n of interest is considérod as the pixel value in the mixed
area, while the pixel value N of frame #n+1 subsequent to
frame #n is considered as the backgrouhd area. Accordingly,
equation (3) indicating the mixture ratio o can be
15 represented by equation (12).
" C =« ¢ N+f : ' - (12)

The embodiment has been described, ossuming that the
background object is stationary. However, equations (8)
through (12) can be applied to the case in which the

.20 background object is moving by using the pikel value of a
pixel located corresponding to the amount of movement'o of
the background. It is now assumed for example, in Fig. 49
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided .

25 portions is 2. In this case, when the object corresponding




- 111 and the sumf of the foreground conponents in adygngBust20ds Sets a

pi xel . val ue belonging to the m xed area and the corresponding pixel value
bel onging to the background area in the stored nornmal equation, thereby’
calculating the 5 mxture ratio.a and the sumf of the foreground
conponents by a matrix calculation nethod. In the case in which the
background is noving, as shown in the exanple of Fig. 52, the

estimated-m xture-ratio processor 401 sets a pixel value belonging to the

'm xed area 10 and the correspondi ng bpﬁeT val ue bel onging to the

background area in the normal equation according to the anount of novenent
v' of the background, and then calculates the mxture ratio a and the sum

f of thed arteghoawkdgrouadpaseiioviny 8omehei ¥xigatcyharign §8i hghe 15 Mre

specifically, assumng that a plurality of corresponding pixels bel ong to

t he coveriettlbacligeoBnofatee, pikke eat thet BdcRyxbuh@- A&k 0ipr ocessor 401
extracts, based on the anmount of novenent v of the foreground object anong

~a pluraEguarion ¢ljectis, rdprasehtadpbyral piyedf vadieespopndi ng 20 m xed

pi xel s indicating the pixel values (pixel data) of the pixels of a
pr edet er m ned@intebequatiennsetl) iaml fflihpsedah aditchim tlaural ity of objects
are mxed, and also extracts, based on the anount of novenent .v' of the
backyr o¥Rdigbilesy theomixtupeuratioyootanhpeches, débekyinehdviikeit data 25
indiCating,the pi xel values (pixel data) of the pixels 19 August 2005 - 112
modifying the equations. - _ _
~ RAccordingly, the mixture ratio a is determined by
formulating equations for the pixel belonging to the mixed
~area and the corresponding pixel belonging to the background
10 . area in accordance with the amount of movement v of the
‘foreground object.
As the amount of movement v, the motion vector and the
positional information thereof supplied from the motion
detector 102 are utilized.
15 A description is now given of a calculation of the
estimated mixture ratio by the estimated-mixture-ratio
processor 401 by using the amount of movement v based on the
model corresponding to the covered background area.
In the example shown in Fig. 49 corresponding to the
20 covered background area, equation (13) can hold true for P02

of frame #n-1, and equation (14) can hold true for C06 of

frame #n.

2 N .
P02=2/v-BO2+2Fi/‘V - (13)

i=1




form ng the background object corresponding to the m xedg Appi&loofgta, the
background pi xel data being extracted froma franme different fromthe
frames in which the m xed pixel data is present anobng a predeterm ned
nunber of. consecutive 5 franes. The estinmated-m xture-ratio processor 401
then generate a rel ational expression of the m xed pixel data and the
background pi xel data corresponding to the predeterm ned nunber of
consecutive franmes based on the exgya?geq m xed pixel data and the ‘
background pi xel data, and detects a single mxture ratio correspondi ng
to the predeterm ned nunber of consecutive frames based on the rel ationa
expression. The detected m xture ratio is set to the estinmated m xture

ratio. . es} i,mat ed- m xt<gre-rati o processor 401 cal culates_ 15 the

‘esti mat e%l-&%i?ts%r/evr'ag?guuszn%lt/ﬁg amount of novement v baséd4én a nodel
correspondi ng to the covered background area. Sinilarly, the '
estimated-m xture-ratio processor 402 calculates the estimated m xture
rati o usi ng tifle SASEACNSt (28 ) mBvEnént ) v bheedabneacapdespendirngpondi ng to

t he uncovered, background area. In the nodel corresponding to the uncovered

backgr ot dHethvhieh &ty s géndiley SaMRel ibel-ondi'ig £8 eABabieRrground area

is selec fromthe frame sybsequent to the frane having the pixel of
interest&ﬁg%EﬂﬁfglgﬂecﬂﬁFbgﬁﬁyﬁ SSURPREPERAE HOopLheafiRyodithe August 2005

" 13 UGG WaRloitt ek Ent0sLRg, upogyer ed backoround area,
2
‘ 2SFﬁ./ v
’ i=1

That is, the mixture ratio a and the sum of the
foréground components of P02 of frame #n-1 aré the same as
10 ‘those of C06 of frame #n, and it can be said that C06 of
frame #n corresponds to_POZ of frame #n-1 because of the
motion of the foreground object.
By using the assumption that the object cofresponding
to the foreground is moving with constaht velocity over a
15 plurality of frames, and that the foreground components are
:uniform, it is possible to select é plurality of sets, each
set consisting of a pixel belonging to the mixed area and
the corresponding pixel belonging to the background.area
whose mixture ratio a and the sum of the foreground
20 components are the same, in accordance with the amount of
movement v of the foreground object. For example, five sets,
each set consisting of a pixel belonging to the miied area

and the corresponding pixel belonging to the background area,




the estimated-m xture-rati o processor 402 extracts, basq:giAggusttzh% anmount * of

movenent v of the foreground object anbng a plurality of objects, data of

a.plurality of corresponding 5 mxed pixels indicating the pixel values

(pi xel data) of the pixels of a predeterm ned nunber of consecutive franes

in which a plurality of objects are m xed, and al so extracts, based on

t he anmount of novenent v' of the background object froma plurality of

obj ects, background pi xel data 10 i—ngfﬁﬁtj ng the pixel values (pixel data)

of the pixels formng the background object corresponding to the m xed

pi xel data, the background pixel data beihg extracted froma frane

different fromthe frames in which the m xed pixel data is present anong a

pr edet er fifReBenpippared - consecutive 15 frames. The estimated-nmi xture-ratio

processor 402 then generates a relational .expression of the nixed pixel

data and t hFVakEahes Hscahogax 4ncdides dndilng acgordancegr wdsher m ned

nunber of_ consecutive franmes based on the extracted m xed pi xel data and

‘the backGPBuABOPR% Pt deREMENt dh T ditst tEoRe aRWI% alladle BiFsls

co_rrespolggliln to the fs:gredet erm ned nunber of consecutive franes based on
o]

the rel FOREL MY RfpL OB G i dthy "Hisadu s ea@dnd itdheset to  the
estimated mxture ratio. Fig. 53.is a block diagramillustrating the 25
conf irggur%?zl"%%s%?nqufég M?ﬁeﬁfian’r ?ttisob&lg’é’éié‘é’@r tothfg9 August 2005 -

114 for ing the estimt.ed.m xture.ratiq b sing the anpount of
b& X1
rovementPSObERe R Har o dae el SedSaieg. £ ergected” Fidn FEand
#n-3 through frame #n+2.
Equations (15) through (19) can-hold true for the
pixels Mtl through Mt5 and the pixels Btl through BtS5,

10 respectively:

Mtl = o * Btl:f | (15)
Mt2 = o * Bt2+f ' (16)
Mt3 = a * Bt3+f | (17)
Mt4 = @ * Btd+f (18)
15 Mt5 = o * Bt5+f - | (19}

where £ in equations (15) through (19) indicate the sum of
the foreground components Z;Fi/v.

In the five equations, i.e., in equétions (15) through
(19), the common variables, i.e., the mixture ratio o and

20 the sum f of the foreground. components are contained.

Accor&ingly, by applying the method of least squares to
-equations (15) through {(19), the mixture ratic o and the sum
f of the foreground components can be obtained.

For example, the estimated-mixture-ratio processor 401

25 stores a normal equation for calculating the mixture ratio o




covered background area. A frame nmenmory 421 stores a Pl g Aliblsx 2085 f rames  of
an 5 input inmage and supplies the stored franmes.to a mxture- ratio
cal cul ator 422. The frane nmenory 421 stores, for exanple, six frames, in
units of frames, and supplies the stored six franes to the' mi xture-ratio
cal cul ator 422. The m xture-ratio cal cul ator 422 stores a normal 10
equation for calculating the mxture ratio a and the sumf of the
- foreground conponents in advance. Th I Xture-ratio cal cul ator 422 sets in
the normal equation a pixel value'b ging to the mxed area and the
correspondi ng pi xel val ue corresponding to the background 15 area contai ned
in the franes supplied fromthe franme menory 421. The m xture-ratio
cal cul at apd4Ple soiw 5 athalnorfivate gmgueat icemponenitisc int e vaincel, aakue
bel onging to the m xed area and the correspondi ng pi xel val ue belonging to
the backgkdunddiiala valaes delaseindi e tthen misted xreal anidorth20 net hod so as
to obtain the estimated mixture ratio, and .outputs the cal cul ated
est i mat eBOFFSERATELING ndxefi yalgw belpnsigek toi Adeabackioroungdt amgat he
configuration of the mxture- ratio calculator 422. A normal -equation adder
441 stordd e ctiaedfearadn eps ten .c fherekyi #glendasingnihed nixture |
ratiQ in aQé?nce. 19 August 2005 - 115 The nornual -equati on adder 441 sets
a corr eSHBhdaRy TakHL& BEfotdien§uo &t RE Feedozegao A CRBPEBRAESpONdI Ng

val ue belongiig 4% HacR35kab0uRd abg2 contained in an image
| In the case in which the background is moving, as shown
in the example of Fig. 52, the estimated-mixture-ratio
processor 401 sets a pixel value belonging to the mixed area

10 and the corrésponding pixél value belonging to the

backgroﬁnd area in the ﬁormal equation according to the
amount of movement v' of the background, and then calculates
the mixture ratio o and the sum f of the foreground
components by a matrix calculation method.

15 More specifically, assuming that a plurality of
-corresponding pixels belong to the covered background area,
the estimated-mixture-ratio processor 401 extracts, based on
the amount of movement v of the foreground object among a
plurality df objects, data of a plurality of corresponding

20 mixed pixels indicating the pixel values (pixel data) of the
pixels of a predetermined number of consecutive frames in
which a plurality of objects are mixed, and élSo extracts,
based on the amOunt of movement v' of the background object
from a plurality of objects, background pixel data

25 indicating the pixel values (pixel data) of the pixels




of Mfranes supplled fromthe frame menory 421. The nor palaug®st@apat i on

adder 441 supplies the normal equation in which the pixel value bel ongi ng

t o<t he mi.xed area and the correspondi ng pi xel value bel onging to the
background area are set to a normal -equation cal cul ator 442. The

nor mal - equati on cal cul ator 442 solves the normal 10 equation in which the

pi xel values are set supplied fromthe normal-equation adder 441 by

applying, for exanple, a sweep- out_ngf{hod (Gauss-Jordan elimnation) so as
to obtain the estimated m xture ratio,.and outputs the cal cul ated m xture

rati o. -15 As di scussed above, the estimated-m xture-ratio processor 401

based on QrﬁﬁﬂglthEoP?%%%BﬂHPﬂgo?ée?ﬁec%%ﬁ%$ﬂﬂn%b%ﬁg¢Qnﬁhﬁemkxﬁd'The

t he estiHﬁFS

t hus om ustrates_an exa] e of the estinated nlxture

‘ratio ca ate ?r?%t %E?T %dﬁﬁ?&ﬁﬁw r%ﬁ%%prﬁ d¥ltd DdgREl The

'caLcuIat%s the estimated m xture ratio by using the anmount of novenent v

~estimat ed- HIE ﬁ?ﬁ r éﬁ rocessor 402 has_a 20. configuration simlar to
Rur ¢4 Skgﬁ?%‘és%ﬁehﬂat%r%eﬁiﬂé@bﬁ%ﬁ%‘t%rf%@eof is

estimate X shomn in Fi 55 is the 25,resu|t represented by
one Ilnega o%t%é\égé % CATL T Y ‘g‘i%f"}id&tfi Of) GPNFGE U ViRal -

equatyg ongyhf. Whi %éeélse&rﬁ)ﬁéé_r? <Rixels a.r e set Ce}s[squ 40;‘1 trkT‘I%\t{'e:Tgnge\e/nOf

t he foreground object novin const

shown '”géﬁékafggatfgﬂaﬁfghéﬁnééﬁgég%lon of the mixed pixel data and
| the background pixel data corresponding to the predetermined
number of donsecutive frames based on the extracted mixed
pixel data and the background pixel data, and detects a
- 10  single mixture ratio corresponding to the predetermined
number of consecutive frames based on the relational
.expression. The detected mixture ratio is set to the
estimated mixture ratio.
The estimated-mixture-ratio processor 401 calculates
;5 the estimated mixture iatio using the amount of movement v
based on a model corresponding to the covéred background
area.
Similarly, the estimated-mixture-ratio processor 402
célculétes.the estimated mixture patio using‘the amount of
20 movement v based on a model corresponding to the uncovered
background area. In the model corresponding to the
uncovered background area, the corresponding pixel belonging
. to the background area-is selected from the frame subsequent
to the frame having the pixel of interest.

25 _ More specifically, assuming that a plurality of

as




5 mixture rati.o changes alnost linearly in the nixed ar¢aauqR@bessi ng back
to Fig. 47, the mxture-ratio determ ning portion 403 sets %he m xture
ratio a based on the area information supplied fromthe area specifying’
unit 101 and indicating to which of the. foreground area, the 10
background area, the covered background area, or the uncovered background
area the pixel for which the mxture ratio a is to be calculated bel ongs.
The m xture-ratio determ ning portiqgn 403 sets the m xture ratio ato O
when the correspondi ng pixel beloﬁgél@b‘the foreground area, and 15 sets
the mxture ratio a to | when the correspondi ng pi xel belongs to the
background area. \Wen the corresponding pixel belongs to the covered
backgr ouwrireespondiey npitel€-badng et eidi ®hOGvensd | BaAcKGBo9ed Satde,

m xture ratio a to the estimated m xture ratio supplied fromthe estinated
20 m xt utle res § ongret-aosicorurtd-ira tife pridoe scar dzo reitigoiselbaskal engs to

t he uncovered background area, the m xture-ratio determning portion 403
set s t heths anpunt aiff onavanenthe ofS thheatfed eginolnde obgkict smppki ed fromt he
estimated-m xture- rati o processor 402. The mi xture-ratio determ ning )
por t i on BSEE tqfutad et svi Wakee ofaki plaraiidy h&scbeerspendbaged on 19
August 2005 - 117 the area information. In this manner, the mixture-ratio
cal clll atbrxefhpixelsgindica tdadc fhat @ired wolugse (Piked data) efichhei xel

contalned |n t he i mage and output the calculated m xture 5 ratio a.
els of a predetermined number of consecutive frames in

Which a plurality of objects are mixed, and also extracts,
based on the amount of movement v'-of the background object
from a plurality of objects, background pixel data

‘10 indicating the pixel values (pixel data} of the pixels
.forming the background object corresponding to the mixed
pixel data, the background pixel data being extracted from a
frame different from the frames in which the mixed pixel
.data is present among a predetermined number of consecutive

15 frames. The estimated-mixture-ratio processor 402 then
generates a relational expression Qf the mixed pixel data
and the background pixel: data corresponding to the
bredetermined number of consecutive frames based on the
exfracted mixed pixel data ahd the background pixel data,

20 and detects a single mixture ratio corresponding to the
predetermined number of consecutive frames based on the
relational-expression. The detected mixture ratio is set to
‘the estimated mixture ratio.

Fig. 53 is a block diagram illustrating the

.‘25 configuration of the estimated-mixture-ratio processor 401




Fig. 56 is a block diagramillustrating another confi gyyalL,jio0bs5t he

m xture-ratio calculator 104. A selector 461 supplies a piXel belonging to
t he covered background area and the correspondi ng pixels in the previous
10 and subsequent franes to an estinated-m xture-ratio processor 462 based
on the area information supplied from the area specifying unit 103. The
sel ector 461 supplies a pixel belonging to the uncovered background area
and the corresponding pixels in thp:ﬁ%gvious and subsequent franes 15 to
an estimated-m xture-rati o processor based on the area information
supplied fromthe area specifying unit 103. The estimated-m xture-ratio
processor 462 cal culates the estimated m xture ratio of the pixel of

i nt er est foBefahgihgting t Hee covisimak dxhokigriowral matein docorsdimyg the t he 20

normal equation corresponding to the covered background area based on the
mot i on vABPBRLanl mereemRst 1V dged rdoraraddal adigresgforslipyy ited threom t he
notion detector 102.and the pixel values input fromthe selector 461, and
suppl i esCPhered aPReF AN eIt ed nmixture ratio to a sel ector 464. 25 The
estimated-m xture-rati o processor 463 cal cul ates 19 August 2005 -- 118 the
estimated ni ¥t e MeRosy drd Stesesof piusadity pél 6hamAg o6 ehe

uncovyer ed background ea according to the normal equation correspondi ng
to tRe clo%l%é i r?d’pé’rclé?fs tﬁ’geﬁt&?et%grﬁﬂleisoﬁo\/écf“&?t&ﬁ&‘t he

‘positio i nformatiaqn 5 ere sypplied fromthe noti on detector 102 and
t he pi xer%aEl t:kloal%aefs?a‘fjr?pqﬁﬂr f“?%m t%&‘esgpllpé—‘&eorm%@fy 3&3 StPpPPestPRe

example, six frames, in.units of frames, and supplies the
stored sik frames to the mixture-ratio calculator 422.
The mixture-ratio calculator 422 stores a normal
10 equation for calculating the mixture ratio o and thé sum f
of the fofeground components in advance. |
The mixture-ratio calculator 422 sets in the normal
equation a pixel value belonging to the mixed area and the
corresponding pixel value corresponding to the background
15 érea contained in the frames supplied from the frame memory
421. The mixture-ratio calculator 422 solves the normal
equation in which the pixel value belonging to the mixed
area and the corresponding pixel value belonging to the
.background area are set according to a matrix solution
20 method so as to obtain the estimated mixture ratio, and
outputs the calculated estimated mixture ratio.
'Fig. 54 is a block diagram illustrating-the
configuration of the mixture-ratio calculator 422.
A normal-equation adder 441 stores a normal equation

25 for calculating the estimated mixture ratio in advance.




|

calculated estimated mxture.ratio to the sel ector 464. 1Baggekiopos he area
information supplied fromthe area specifying unit 103, the selector 464
sets the mxture ratio 10 a to O when the pixel of interest belongs to the
foreground area, and sets the mxture ratio a to.1 when the pixel of
interest belongs to the background area. When the pixel of interest

"bel ongs to the covered background area, the selector 464 selects the
estimated mixture ratio supplied 15 fygnthe estinated-m xture-ratio

processor 462 and sets it as the mxture ratio a. Wen the pixel of

i nterest belongs to the uncovered background area, the selector 464
selects- the estimated m xture ratio supplied fromthe estinated-

m xt ur e-rat i oF5t USRI 4ABR tEdan sidern d4ds st @ vomrespenddng0 a. The

‘sel ector 464 then outputs the mixture ratio a which has been sel ected and

set base¥2bRetPeloReny it e L RS ARG ddararEespendding ur e-rati o
calculator. 104 confjgured as shown in Fig'. 56 is able to calculate the

i i(t u'lr etygf'i"?) te*%‘?g & htcbivgg %ﬁﬁﬁ%g@%%fﬁﬁ?e%ﬁ? ’2’;5‘ ?{ﬂaﬁ&t s the
cal cul atg rfqn-rure ralé}ra. Augys - - e calculation
processi A T or e FUBRIFST TP a0 T EPIRFR et Ini x (idiee POETRS

cal cyl at u&pA i saéj' scu‘ﬁﬁed bell.ow V)é th reference tq the.flow arg of Fig.
57. Th s %p ggi)l, dfPf‘rre USSR o P UGS 268t dPn PP, the

i nf or maty l.ied. fir . I S i fying _unit 1. In step S502, the
%ﬁ%é%ed_er aelc?% 11;)[1 Y %fo%%&edy alea at ejtgllgo

estimate | essor executes cessing for

reStinnliéﬁkfégbdﬂdﬂﬂﬁwifﬁgﬂ e belonging to the background area

" are set to a normal-equation calculator 442.
The normal-equation calculator 442 solves the normal

i0 equafion in which the pixel values are set supplied from the
normal-equation adder 441 by applying, for example, a sweep-
out method (Gauss-Jordan elimination) so as to obtain the
estimated mixture ratio, and outputs the calculated mixture
ratio.

15 As discussed above, the estimated-mixture-ratio
‘processor 401 calculates the estimated mixture ratio by
using the amount of movement v baéed on a model
corresponding to the covered background area.

The estimated-mixture-ratio processor 402 has a
'_20 configuration similar to the estimated-mixture-ratio
processor 401, and an explanation thereof is thus omitted.
Fig. 55 illustrates an example of.the estimated mixture
ratio calculated by the estimated-mixture-ratio procéssor
401. The estimated mixture ratio shown in Fig. 55 is the

25 result represented by one line and obtained by calculating




using a nmodel corresponding to a covered background areagp ?&ﬁ@ogg a notion
vector and positional information thereof 10 supplied fromthe notion
vector 102, and supplies the estimated mixture ratio to the mxture-ratio
determ ning portion 403. Details of the processing for estimating-the

m xture ratio are discussed below with reference to the flowhart of Fig.
58. 15 In step S503, the estimted-m xture-rati o processor 402 executes
the processing for estimating the nmxfige ratio by using a nodel '
correspondi ng to an uncovered background area based on a notion vector and
positional information thereof supplied fromthe notion vector 102, and
suppl i es %he 20 estimated mxture ratio to the mxture-ratio detern1n|ng
portion %BS. NPFMRL ePUGBHLONS hEN WHICH eS9ERA P T N AEXel( argeseitni nes

whet her t n¥€ture rati os haye been estimated_ for the whole frame. If it
ﬁ’éd AAEOTHRERE XY PR TS FORSFOHKY OiRCl @oviade siithat ed for the

Is detert

whol e frane 19 August. 2005 - 120 process returns to step S502, and
t he process%ﬁ%n dYel?ﬁigf ﬁb?the nixture ratio for the subsequent pixel
is executed. i S deteg&%ped step 3504 that_ the mxture 5 ratios
have been estlndteéeﬁgr 1Y SHYSPe fle fPBtedbe pFbLBRESIto step

S505, | r det rm.ni orti n 403 sets the
i rlms_} Eg’ase rﬁ}%e&g%ra:lé'{c’% Tt oris Bﬁg\gﬂllﬁe 8- area

.mxtuare rat
k Spec'fY'ng,UWéfe}ang back to Fig. 47, the mixture-ratio

determining portion 403 sets the mixture fatio o based on
the area information supplied from the area specifying unit
101 and indicating to which-of the foreground area, the
_ ;0 background area, the covered background area, or the

uncovered backgrouhd area the pixel for which the mixture
ratio o is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratio a to 0 when
the corresponding pixel belongs to the foreground area, and

15 sets the mixture ratio a to 1 when the corresponding pixel
‘belongs to the background area. When the corresponding
pixel belongs to the cévered background area, the mixture-
ratio determining portion 403 sets the mixture ratio o to
the estimated mixture ratio supplied from the estimated-

20 mixture-ratio processor 401. When the correéponding pixel
belongs to the uncovered background area, the mixture-ratio
determining portion 403 sets the.mixture:ratio a to the
estimated mixture ratio supplied from the estimated—mixtﬁre-
ratio processor 402. The mixture-ratio determining.portion

25 403 outputs the mixture ratio a which has been set based on




and indicating to which of the foreground area, the 10 @gg&gﬁgg@@sarea, t he
covered background area, or the wuncovered background area e pixel for
which the mxture ratio ais to be calculated belongs. The m xture--ratio
determ.ni ng portion 403 sets the mxture ratio a to O,when the
correspondi ng pi xel belongs to the foreground area, and 15 sets the m xture
ratio a to 1 when the corresponding pixel belongs to the background area.
When the correspondi ng pi xel belongggﬁp_}he covered background area, the
m xture- ratio determ ning portion 4 sets the estimated m xture ratio
supplied fromthe estimated-m xture-ratio.processor 20 401 as the m xture
rati o a: When the correspondi ng pi xel belongs to the uncovered background
area, theheiarereinfeimatyenerni ning portion 403 sets the estimted mxture
ratio supplied fromthe estinated-m xture-ratio processor 402 as the '
mi xture rati o thife Hraeassithe M xthae -cakploeredculabohs 1ddstassed above,
the m xture-ratio calculator 104 is 1 9 August 2005 - 121 - able to

“cal cul at2Pthetdisatrelate i they migHiure inpdiicntefar easdn priceduant ity
correspondi ng. t o. each pixel, based on the notion vector and the positional
i nf or matTYHt T ¥ El{)ﬁ)p‘rr?aéﬂa A @ Wotthen cpdendatedy mistarer ea
info%nation. supplied fromthe area specifying unit 101, and the input

i mge. %fﬁﬁ?l?Zing the m xture ratio a, it is possible to separate the

f or egr ound. opent.s ang th ackgroun conponents contained in,the
pi xel Values%%ﬁﬁlggnﬁﬁnﬁa %Pﬁg Qlaggam lEIUSthtlng another
configuration of the mixture-ratio calculator 104. A

- selector 461 supplies a pixel belonging to the covered
background area and the corresponding pixéls in the previous
10. ‘and subsequent frames to an estimated-mixture-ratio
processor 462 based on the area information supplied from
the area specifying unit 103. The selector 461 supplies a
pixel belonging to the uncovered background area and the
corresponding pixels in the previous and subsequent frames
15 to an estimated~mixtuie-ratio processor 463 based on the
area information supplied from the area specifying unit 103.
The estimated-mixture-ratio processor 462 calculates
the estimated mixture ratio of the pixel of interést
belonging to the covered background area according to the
| 20 normal equation correspdnding to the covered background area
based on the motion vector and the positional information
thereof supplied from the métion detector 102 and the pixei
_valdes input from the selector 461, and supplies the
calculated estimated mixture ratio to a selecfor 464 .

25 The estimated-mixture-ratio processor 463 calculates




that the
. v

10 the information of notion blur contained in the inmaggg Agghdtedpyndi ng to
the noving object. The processing of the m xture-ratio cal cul ator 104
configured as shown in Fig. 56 is simlar to that discussed wth reference
to the flowhart of Fig. 57, and an 15 expl anation thereof is thus omtted.
A description is now given of, with reference to the flowhart of Fig. 57,
the cal cul ation processing executed by the estimted-m xture-ratio
processor 401 in step S502 in which _the mxture ratio is estimated
according to the nodel 20 of the cov d background area. In step S521, the
nor mal - equati on adder 441 of the mxture-ratio calculator 442 reads the

nmotion vector and the positional information thereof supplied fromthe

nmoti on theeeet bimd 023 Juixisute wHtia off thaminy] off Motteaest. 25 In step

. S522, the nornal -equati on adder 441 selects the 19 August 2005 - 122

pi xel s fpahengibng negetlsd Widoreamesl haglgmoind emea hedording nemthg 421, and
sets the selected pixels in a prestored normal equation. In step S523, the
nor mal - R bre@iRriciom sbrkasuandiay 1B et lovered deckigmguofl tlreapi xel

val ues of the corresponding pixels is finished. If "it is determ ned that
t he set tP#FPDfON tHhe moldion, Masdprofandch&heonosdidnaiadg ipiframationnot
finished, the process returns to step S522 in which the processing for

sett Png IRF i STURPHIGS TRt dheatodiono deftecttors 188t epdi kg Phxslep S523

§¥¥é§r¥%ﬁﬂl from the selector 461, and suppliés the '
calculated estimated mixture ratio to the selector 464.

'Baéed on the area information supplied from the area

specifying unit 103, the selector 464 sets the mixture ratio

10 o« to 0 when the pixel of interest belongs to the foreground
area, and sets the mixture ratio o to 1 Qhen the pixel of
interest belongs to the background afea. When the pixel of
interestrbelongs to the:covered background area, the
selector 464 selects the estimated mixture ratioc supplied

15 from the estimated-mixture-ratio processor 462 and sets it
as the mixture ratio a. ' When the pixel of interest belongs
to the uncovered background area, the selector 464 selects
the estimated mixture ratio supplied from the estimated-
mixture-ratio processor 463 and sets it as the mixture ratio

20  o. The selector 464 then outputs the mixture ratio o which
has been selected and set based on the area.information.

As discussed above, the mixture-ratio calculator 104

Qohfigured as shown in Fig. 56 is able to calculate the
mixtﬁre ratio a for each ﬁixel contained in the image, and

25 outputs the calculated mixture ratio a.




the pixel values of the corresponding pixels is finishedlg Augngggcess
proceeds to step S524. In step 5524, the nornmal-equation adder 441
supplies the nornmal equation in -which the pixel values are set to the
nor mal - equati on 15 cal cul ator 442, and the nornal -equation cal cul ator 442

sol ves the normal equation by applying,-for exanple, a sweep-out nethod
(Gauss-Jordan elimnation) so as to obtain the estimated m xture rati o.

The processing is then conpleted. 20; di scussed above, the

estimated-m xture ratio processor 401 is able to calculate the estinmated
m xture ratio. The mxture-ratio estimating processing executed by the
estimated-m xture-rati o processor 402 in step S503 of Fig. 25 57 in which
the nixture rot§ CHCEANRR RFIWLIEING A% thel giAfgrst T2009 o« 123 nodel
cor r espondi gg to_the uncovered backgqtound area is _simlar to the

processi RGFERELET Y bhe MHGL IR TR bt e L @il aTo i o ke Hesass§d o t he

model of e _uncovere background area indicated by the flowhart of Fig.
58, and gggﬁwe‘ﬂ% nat %e]%%%%%f&%‘{wwtt tHd Fiehe Yr-ocdSsiSt§Pexecut ed

Y he, cAOT e S AL, BROERSRL 49 Il B, 1oL BV, Lhe
OB IR RS S e W SRS T W BT, cessor
402, andsgdp e ANt PN LAY a fixture-ratio processor 401

executes the processing for estimating the mixture ratio by
using a model corresponding to a covered background area
based on a motion vector and positional information thereof

10 supplied from the motion vector 102, and supplies the |
estimated mixture ratio to the mixture-ratio determining
_portion 403. Details of the processing for estimating the
mixture ratio are discussed below with reference to the
flowchart of Fig. 58.

.15 : In step S503, the estimated-mixture-ratio processor 402
executes the processing for estimating the mixture ratio by
‘using a model corresponding to an uncovered background area
based on a motion vector and positional information therecof
supplied from the motion vector 102, and supplies fhe

20 estimated mixture ratio to the mixture-ratio determining
portion 403.

In step S504, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated
for the whole frame. If it is determined that the mixture

25 ratios have not yet be estimated for the whole frame, the




thus omtted. The foreground/ background separator 105 i$9¢b%@#§@g§ bel ow.
Fig. 59 is a block diagramillustrating an exanple 15 of the configuration
of the foregroundfbackground separator 105. The input image supplied to the
f or egr ound/ background separator 105 is supplied to a separating portion
601, a switch 602, and a switch 604. The area information supplied from
the area specifying unit 103 and indicating the, 20 information of the
covered background area an d the uncougyed background area is supplied to
t he separating portion 601. The area information indicating the foreground
area is supplied to the switch 602. The area information indicating the
background area supplied to the switch 604. .25 The mxture ratio a

suppl i edPFIBHPT ME TSR 2 139D 5P 2ugtid thsoprocessingcfo&ul at or 104 i s
The separating portion 601

supplieqe§€.$§$.sep ratin ortion 601. ) )
separ at €5 tHe  1o1%g %ﬁﬁl’gﬂ&ﬁ)&%ﬁ% E9 e S UbSseuenta§d XBdséd on the area
i nf or matiQ &{%ﬁcaling the covered background area, the area. 5

i nformation 1 ndicating the uncovered background area, and the m xture

ratio a, and | i r,ated fore nd. copponents to a nt hesi zer
603{ The sepgig??ngg;gkgggﬁgggf E§|§%38e§§$§tg23fh %d@%ﬁ??ﬁﬁd cgﬁponeilé

2 TE R R et R e gy R B e R P68 PR pondi ng
to the fryRWRURS istepRBosPased QRelh8saEeachaf QETREL8 ratio

determining_portion 403 sets the mixture ratio based on the
area information supplied from the area specifying unit 101
and indicating to which of the foreground afea, the

10 background area, the covered background area, or the
uncovered background area the pixel for which the mixture
ratio o is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratioc o to 0 when
the corresponding pixel belongs to the foreground area, and

15 sets the mixture ratio o to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered background area, the mixture-
ratio determining portion 403 sets the.estimated mixture
ratio supplied from the estimated-mixture-ratio processor

20 401 as the mixture ratio a. When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio
supplied from the estimated~mixture—rati§ processor 402 as
the mixture ratio o. The processing is then'completed.

25 - As discussed above, the mixture-ratio calculator 104 is




‘indicating the foreground area, and supplies only the phy@lgusta@bsespondi ng
to the foreground contained in the input image 15 to the synthesizer 603.
The switch 604 is closed when a pixel corresponding to the background is

i nput based on the area information indicating the background area, and
supplies only the pixels corresponding to the background contained in the
i nput image 20 to 'the synthesizer 605. The synthesizer 603 synthesizes a
foreground conponent inmage based on {hg foreground conponents supplied
fromthe separating portion 601 and the pixels corresponding to the
foreground supplied fromthe switch 602, and outputs the 25 synthesized
foregrou%g conponegt anage. Since the 19 August 2005 - 125 foreground area
and the BP*8d8r E21GBIALE bherPLpturacratim: hesyrioh cosligmtisees for
exanpl e, -l ogical OR %o the foreground conponents and the foreground

pi xel s, Fﬁgggﬁfi TROREHEE SPRECTRENHRR gF A UPRCR diseentPasaly©n Fhen t he

initialigi rocessin xecuted at the start of . the synthesizing
processiﬁggggﬁ Yﬁg%?grgﬁﬁoﬁ%% RYThoHEmt HHeyamatign Shanead zer 603 stores

[ [ | 1. 0 i byilt-in f. renory. Then, i
The oynthogrEel tEom LALIESCRAF (ieeqh ifo e cotorotomigen 10 the |
t hesi : t . ' It th
o cvious PR Gehy T TP Tt O R0 R, S R O

stored ifmide. pi xel s corresponding to the background area in the

f or eground
By utilizing the mixture ratio «, it is possible to

_ separate the foreground components and the background
gomponents contained inithe pixel values while maintaining
10 the information of motion blur contained in the image
corresponding to the moving object.

The processing of the mixture-ratio calculator 104
configured as shown in Fig. 56 is simiiar to that discussed
with reference to the flowchart of Fig. 57, and an

15 explanation thereof is thus omitted.

A description is now given of, with reference to the

flowchart of Fig. 57, the calculation processing executed by
'the estimated-mixture-ratio processor 401 in step S502 in
which the mixture ratio is estimated according to the model
20 of the covered background area.
In step S521, the normal-equation adder 441 of the

- mixture-ratio calculator 442 reads the motion Qector and the
'positional information thereof supplied from the motion
detector 102 so as to obtain the amount of motion v.

- 25 In step S522, the normal-equation adder 441 selects the




conponent image output fromthe synthesizer 603. 15 Theigupphiesbasr 605
synt hesi zes a background conponent inmage based on the background
conponents supplied fromthe separating portion 601 and the pixels
corresponding to the background supplied fromthe switch 604, and outputs
the synthesized background conponent image. Since the 20 background area
and the m xed area do not overlap, the synthesizer 605 applies, for
exanple, logical ORto the backgrqu%ufqnponents and t he background

pi xel s, thereby synthesizing the bacKground conponent image. In the
initializing processing executed at the start of 25 the synthesi zing
processing for the background component 19 August 2005 - 126 image, the
synt hesi PE¥eB95E R ride andgede Wh dSeans s eluppldledie £ rame thlel f&aime a built-in
frame nenory. Then, in the synthesizing processing for the background
conponerffeneEfet2l ¢ RN et dibee sedEssterd mdsetlise ipack grestdrednponent i mage
5 (overwites the previous imge by the background conponent i nage).

Accor di if5mab ¢31&kied in the pixels corresponding to the foreground

area in the hackground _conponent inmage output fromthe synthesizer 605.
Fig. 60A il d$tFfes 5Pk i ket PPRAGE SAHBLLion naddeRed4)pdetermines ,
fore roqu/ ackground .separator 105 _and the foreground conponent inmage and
the BacKgtoutid %&ﬁ)&ﬁ NmRge thtt pdtee s F’&H‘Pﬁﬁeogo‘r'@ﬁr 6QRUPERERGIBANd
Pepar Gy 2 uS0Red 4908 53 QTedcl.2h VIS, BBt LERE, gput 11t
| the pixel values of the corresponding pixels is not finished,
the—process returns to step S522 in which the processing for
setting the pixel values is repeated.
10 - If it is determined in step S523 that the setting of
the pixel values of the corresponding pixels is Ffinished,
the process proceeds to step $524. in step S$524, the
normal-equation adder 441 supplies the normal equation in
which the pixel values are set to the normal-equation
15 calculator 442, and the normal-equation calculator 442
solves the normal equation by applying,  for example, a
sweep-out method (Gauss-Jordan elimination) so as to cbtain
the estimated mixture ratio. The processing is then
cbmpleted. |
20 As discussed above, the estimated-mixture ratio
processor 401 is able to calculate the estimated mixture
ratio."
The mixture-ratio estimating processing executed by the

estimated-mixture-ratio processor 402 in step S503 of Fig.

25 57 in which the mixture ratio is estimated by using the




15 conponent image and the background conponent inmage oy puhustioesn t he

f or egr ound/ background separator 105. Fig. 60A is a schematiC di agram .
illustrating the inage to be displayed, and Fig. 60B illustrates a nodel
obtained by expanding in the tine direction the pixels disposed in 20 one
line including the pixels belonging to the foreground area, the pixels

bel ongi ng to the background area, and the pixels belonging to the m xed
area corresponding to Fig. 60A As_§qE¥$_in Figs. 60A and 60B, the
background component i mage output fromthe foreground/ background separator
105 25 consists of the pixels belonging to the background area and 19
August 2005 - 127 the background conponents contained in the pixels of the
m xed arBadeAsCerprFPendiigsto ddre amtBaBed hadkgreynduadeaodgonent i nage
out put fromithe foreground/ background separator 105 consists of the pixel
bel ongi N Pblahete ditsy rBARE g frecuted o agriogndbeomoomedt s cont ai ned
in the pixels of the m xed area. The pixel values of the pixels in the

mi xed arTEEFEPD LYFFHRRANGIND Thdhsaegiedund tbepunsaveredd the foreground
10 conpqnents b he foreground/ background separator 105. The separated
backgroﬁﬁﬂggﬂﬁﬂﬁﬁiﬁFﬁy? iqad asa diyy dleypberéneti Fihge P8gefR8r with the
DXk L PR B0 IS Thg Separat ed Torearound ol 1s
bel ongi ng tOThgepL ESQEQHEdeﬁégﬁted by_the estimated-mixture-ratio |
processor 462 is similar to that by the estimated-mixture-
ratio processor 401, and an explanation thereof is thus
omitted. The processing executed by the estimated-mixture-
10 ratio processor 463 is similar to that by the estimated-
mixture-ratio processor 402, and an explanation thereof is
thus omitted.
The foreground/background separator 105 is discussed
below. Fig. 59 is a block diagram illustrating an example
15 of the configuration of the foreground/background separator
105. The input image supplied to the foreground/background
separator 105 is supplied to a separating portion 601, a
switch 602, and a switch 604. The area information supplied
from the area specifying unit 103 and indicating the
20 information of the covered background area and the uncovered
background area is supplied to the separating portion 601.
The area information iﬁdicating the foreground area is
supplied to the switch 602. The area information indicating
the background area subplied to the switch 604.

25 The mixture ratio a supplied from the mixture-ratio




As discussed above, in the foreground conponent inmage, 1§QhggRét’98bsVval ues of
the pixels corresponding to the background area are set to 0, and :
significant pixel values .are set in the pixels corresponding to the
foreground area 20 and the pixels corresponding to the m xed area.
Simlarly, -in the background conponent inmage, the pixel values of the

pi xel s corresponding to the foreground area are set to 0, and significant

pi xel values'are set in the pixels corresponding to the background area
and the pixels 25 corresponding to tl#t m xed area. 19 August 2005 - 128 A
description is given bel ow of the processing executed by the separating
portion-601 for separating the foreground conponents and the background

CoMpONenta1Lh At bHe1 04 XEL Scish O1KH N, Uhd Nl XA el il G161

illustrates a nodel of an 1 nage 1ndicating oregr conponent’s and

background corpo Srd i dgVPorft N [ e Lect noving
fromthe left tOQﬂ?%e right fh E%g?ig%.gkgg?ﬁgeﬁngg% g??#ﬁgogﬁgge shown in

Fig. 61, colporeRtat £E6m MBYE MBiduty infagh RGd R HWHe«af 10 virtual
divided portions is 4. In frane #n, the |leftnost pixel and the fourteenth

t hrough Edafhtmentdn pindlcad 1M e difdred0 buickgreunen ay-ebhe thackgegqund ‘
conponents and belong to the background area.- frane #n, the second through

four Bh pinddsndtion theiiefttingl Eheoninziovered background eesponanks and the
f oreground conponents, and belong to the uncovered background area.
: - the mixture ratio o, and supplies the separated foreground
components to a synthesiéer 603. The separating portion 601
also separates the background components from the input
image, and supplies the separated background components to a
10  synthesizer 605.

The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the foreground area, and supplies only the pixels
corresponding to the foreground contained in the input image

15 to the synthesizer 603.
The switch 604 is closed when a pixel corresponding to
- the background is input ﬁased on the area information
indicating the background area, and supplies only the pixels
- corresponding to the background contained in the input image
20 to the synthesizer 605.
The synthesizer 603 synthesizes a foreground component
‘image based on the foreground components supplied from the
separating portion 601 and the pixels correéponding to the
foreground supplied from the switch 602, androutputs the

- 25 synthesized foreground component image. Since the




frame #n, the eleventh through thirteenth pixels from thgauhgdiopont ain 7
background conponents and foreground conponents, and belong to the covered -
background area. In frane #n, the 20 fifth through tenth pixels fromthe .
| eft consist of only the foreground conponents, and belong to the
foreground area. In.franme #nfl, the first through fifth pixels fromthe

|l eft and the eighteenth pixel fromthe left consist of only the background
conponents, and belong to the background area. 25 In frame #n+l, the sixth
t hrough ei ghth pixels fromthe |eft- B»sAugust 2005 - 129 contain :
background conmponents and foreground conponents, and belong to the

uncover ed background area. In frame #n+l, the fifteenth through
conpanent s and

sevent ee ' omth eft contain background.

f or egr ougépgg%gﬁén%%?aa% b l?%r{&l’%e(i e %\fg‘?téd"ff'arcll{f’d’r'om area. In
frame #n . pLpt t fo eent h pi s framthe | eft consist of
only theg#(g}:ggg%géﬁg Q%?rp%%‘gir:?% ajg'lnd1I beror glpl')cj(:]llc}%lcf @3 ceﬁ?ngzthz% ea. | Fig. 62

i1l ust ' td f d ts f
the' i xel o ol oun SIS R AL el R TR 2, hr
-t hrough gtli,@gigfﬁ%mé(tfgleegﬁdrﬁis & Sdidinddual pixel's of frame #n.

.In Fig. 62, the fitteenth throug se&‘nteenth prrxels fromthe | eft bel ong

to tise cover eth haekamaundidkeag pPecRs¥¢hgvakbeutda 9F 1RE %E% £e€ h Eixel
fromthe 15 left in frame #n can be expréssed by equation : 5 =
B1S/ v+FOtey +$fiBinesing prodleeding@dry the8/rbtedfiohnd component
o | image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the foreground component imége,

10 - the synthesizer 603,Stofes the.foreground component image
(overwrites the previous image by-the foreground component
image). Accordingly, 0 is stored in the pixels
cqrresponding to the badkground area in the foreground
component image output from the synthesizer 603.

15 The synthesizer 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 aﬁd the pixels corresponding to the
background supplied from‘the switch 604, and outputs the
synthesized background component image. Since the

20 background area and the mixed area do not overlap, the
synthesizer 605 applies, for example, logical OR to the
background components and the background pixels, thereby
‘synthesizing the background component image.

In the initializing prbcessing executed at the start of

25 the synthesizing processing for the background component




= al 5P15+F09/ v+F08/ v+F07/v (20) where al5 indicates the1g%mgHﬁgobgtio of
the fifteenth pixel 20 fromthe left in frame #n, and P15 designates the.

pi xel value of the fifteenth pixel fromthe left in frame #n-1. The sum.
f15-of the foreground conponents of the fifteenth pixel fromthe left in
frame #n can be expressed .by equation (21) based on equation (20). 25 19
August 2005 130 f15 = FO09/v+F08/v+F07/v Cl15--a15P15 (21) Simlarly, the
sum f 16 of the foreground conponents of the sixteenth pixel fromthe |eft
in frame #n can be 5 expressed by equat6 en (22), and the sumf17 of the
.foreground conmponents of the seventeenth pixel fromthe left in frame #n
can be expressed by equation (23). f16 = Cl6-al6P16 (22) f17 = Cl7-al7P17

(23) 10 Lfadli scH@Eend e, dOry Ak LOMONGAIS. L 8aNLALA5d in the pixel

val ue C of tThe pixe ongi ng to the covere ~backgrou area can be

expr essega e £ W i 0N (R4n LHRE 1240 Hehe fi.e%%iygnatgrﬁﬁgghgppitﬁ%' val ue of

the corresponding 15 pixel in the previous frane” Fi | ustrates the
processi igh f1ds SENA Prdtkdditg e T M KYFRRAGN tombbA®htNemRye! S
bel onging to the ,
- the synthesizer 605 stores the background component image
5 (overwrites the brevious image by the badkground component
image). Accordingly, 0 is stored in the pixels
corrésponding to the foreground area in the background
component image output from the synthesizer 605. .
Fig. 60A illustrates the input image input into the
10 foreground/background separator 105 and the foreground
component image and the background component image output
from the foreground/background separator 105. Fig. 60B
illustrates a model of the input image input into the
foreground/background separator 105 and the foreground
15 component image and the background component image output
from the foreground/background separator 105.

Fig. 60A is a schematic diagram illustrating'the image
to be displayed, and Fig. GOBIillustrates a model obtained
by expanding in the time direction the pixeis disposed in

20 one line including ﬁhe bixels belonging to the foreground
area, the pixels belonging to the background area, and the
pixels belonging to the mixed area corresponding to Fig. 60A,

As shown in Figs._GOA and 60B, the background component
image output from the foreground/background éeparator 105

25 consists of the pixels belonging to the background area and




uncovered background area. In Fig. 63, al through al8 hadugadteons xture
ratios of the individual pixels of frame #n. 20 In Fig. 63, the second
through fourth pixels fromthe left belong to the uncovered background
area. The pixel value Q02 of the second pixel fromthe left in frame #n

can be expressed by equation (25): 25 19 August 2005 - 131 Q02 =
‘B02/ v+B02/ v+B02/ v+F01/v a2B02+F01/v , a2N02+F01/v (25) where a2 indicates
the m xture ratio of the second pixel 5 fromthe left in frame #n, and NO2

designates the pixel value of the sagond pixel fromthe left in frane
#n+1l. The sum f02 of the foreground conponents of the second pixel from
the left in frame #n can be expressed by equation (26) based on equation

25). 10 2, = = C02-a2N02 (26 Simlarly, th f03.0of th
§orégrOUE%QC%EE£§£éﬁ%?(ﬁ°m3$h93$ﬁE %ﬁ%&ﬁéariﬁ£Qﬁﬁeg 3 %rbffFQ%e #necan be

expr esseg; gﬁﬁgtion (27), and the sumf04 of the foreground 15 .
conponent%x%¥ the Tourth pixel fromthe left in frane #n can be expressed

07 S0 o0 (2Bnckfs 5 SIATIR 48 b0 5, P eADBn bl
image output from the foreground/background separator 105
-5 consists of the pixel belonging tb the.foreground area and
the foreground components contained in the pixels of the
mixed area.-

The pixel values of the pixels in the mixed area are.
separated into the background components and the foregrouna

10 components by the foreground/backgfound separator 105.. The
separated background components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together with the pixels

15 belonging to the foreground area.

As discussed above, in the foreground component image,
the pixel values of the pixels correséonding to the
background area are set to 0, and significant pixel values
are set in the pixels corresponding to the foreground area

20 and the pixels corresponding to the mixed area. Similarly,
in tﬁe background COmponént image, the pixel values of the
pixels corresponding to the foreground area are séf to 0O, .
and significant pixel values are set in the pixels
corresponding to the background area and thelbixels

25 corresponding to the mixed area.




20 in the pixel value.C of the pixel belonging to the uRgeygugdoohackground
area can be expressed by equation (29): fu = GaN (29) where N designates
t he pi xel value of the corresponding pixel in the subsequent frane. 25 As
di.scussed above, the separating portion 601 is able 19 August 2005 - 132

to separate the foreground conponents fromthe pixels belonging to the

m xed area and the background conponents fromthe pixels belonging to. the
m xed area based on the information indicating the covered background area
and the 5 information indicating the apscovered background area contained
in the area information, and the m xture ratio a for each pixel. Fig. 64
Is a block diagramillustrating an exanple of the configuration. of the
separating poytd faor .10 executi th ove=descri bed processing. An
i mage i nput q%rﬁé?ﬁé%%%ﬁﬁéaﬁétﬁﬁﬁ%%o%Fﬁ%H 8 1%?§ ?5859?3&“90336?P§ﬁé ‘menory
621, andyih r | t. i ndicat i t vered, . ba round area and

t he uncoegrg%ébgc %fr%ﬁ% aécg%lsdl}gp | edgbq:f ro%at%ﬁae&%%(ttﬁﬁeg:ogt%ggoggﬁcuI at or

104 and_Lbipghatts Cak @i W At PRS2 [S2RRTRH Y1 ngcessing

bl ock 622. The frane nenory 621 stores t I nput i mages units of
franes. MbEsn@idd et i QGessed is frame #n, the frane nenory 621

stores franme #n-1, which is the frame one frame before franme #n, frane #n,
and brame #n+lig WeilChili%strates a model of an image indicating
foreground components and background components in fwo
frames including a foregroundiobject-moving from the left to
the right in Fig. 61. In the model of the image shown in
Fig. 61, the amount of movement v is 4, and the number of
10  virtual divided portions is 4.
In frame #n, the leftmost pixel and the fourteenth

through eighteenth pixels from the left consist of only the

background components and belong to the background area. In

frame #n, the second through fourth pixels from the left

15 contain the background components and the foreground

pomponents, and belong to the uncovered background area. In
frame #n, the eleventh t%rough thirteenth pixels from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the
20 fifth through tenth pixels from the left consist of only the
foreground components, and belong to the foreground area.
In frame #n+l, the first through fifth pixels from the
left and the eighteenth pixel from the left consist of only
the background components,'and'belong to thé background area.

25 In frame #n+l, the sixth through eighth pixels from the left




20 the frame one frane after frame #n. The frane nmenory 1§alqgdiRPBhses the
corresponding pixels in franme #n-1, frane #n, and frame #ngl-to t he.
separation processing block 622. The separation processing block 622 = .
applies the 25 calcul ations discussed with reference to Figs. 62 and 63 to
19 August' 2005 - 133 the pixel- values of the corresponding pixels in
frame #n-1, frame #n, and frane #n+l1l supplied fromthe frame nenory 621
based on the area information indicating the covered background area and

t he uncovered background area and theg-J& mi xture ratio a so as to separate
t he foreground conponents and the background conponents fromthe pixels
belonging to the mxed area in frame #n, and supplies themto a frane

menory 623. The se arationggrocessing bl ock 622 is forned of an 10
uncover eFCRFELD b3 NE FOMRORERLST A Fr sFIovRss sompRrents.s@ifhesi zer

NS U P SR A TR T
SuPPl L e EPILANE (AIRRIon oo i /L M 52 0eR, ohBeBR, OU Dt
{1 P XlaBla AP Ay GAILRN I 0E Blsl sl 3B, A Thac P
Suppbiestéf%héﬁaﬁﬂeféﬂ‘H%éﬂ&ﬁ&dﬂd‘%%é%% URG P’ 804801 @he ninth
through fourteenth pixels from the left cohsist of only the
foreground components, and bélong to the féreground area.
Fig. 62 illustrates the processing for separating the
foreground components from the pixels belonging to the
10 covered background area. In Fig. 62, al through al8 |
indicate mixture ratios of fhg individual pixels of frame #n.
In Fig. 62, the fifteenth through seventeenth pixels from
the left belong to the covered background area.
The pixel vaiue Cl5 of the fifteenth pixel from the
15 left in frame #n can be expreséed by equation (20):

C15

B15/v+F09/v+F0OB8/v+F07 /v

a15°B15+F09/V+F08/v+F07 /v

al5*P15+F09/v+FO8/v+F07 /v (20)

I

where al5 indicates the mixture ratid of the fifteenth pixel
20 from the left in frame #n, and P;S designates the pixel
value of the fifteenth pixel from the left in frame #n-1.
The sum f15 of the foreground components of the
fifteeﬁth pixel from the left in frame #n can be expressed
by equation (21) based on equation (20). |

25




20 a supplied fromthe nultiplier 641 to a cal cul ator 643 aaggst 2bbs .
synt hesi zer 634. The val ue obtained by nmultiplying the pixel value of the
pi xel in frame #n+l by the mxture ratio a output fromthe switch 642 is
equi val ent to the background conponents of the pixel value of the
corresponding pixel in 25 frame #n. 19 August 2005' - 134 The cal cul ator
643 subtracts the background conponents supplied fromthe switch 642 from
the pixel value of the pixel in frane #n supplied fromthe frane nenory
621 so as to obtain the foreground cogponents. The cal cul ator 643 5.
supplies the foreground conponents of the pixel in franme #n belonging to
t he uncovered background area to the synthesizer 633. A nmultiplier 651 of
t he covered r S 632 tiplies the pixel value of the pixel in
frame #n-1 1 :§€§Méﬁ§?%¢€9 tWﬁ?@Wéhe nmenory 621 by the mixture ratio a

and outputs the resuldi Jhxel value to a swtch 652. T switch 652 is
cl osed when the 5i§gﬁiégg%?g§e #n (corresponding to th xel in frame

#n-1 i g f h vered back d
Srea o’ 15 SrbRRAY ld S TIOLE REb PE-R08SRhA, HASROOKEEE PhrT o
i ti b 6 synt hesi
suppl i edefhé 0 fHice Ml th éfrfx]ﬁfi?lpv{r% ?gé%]glﬂ gﬁlfr%ge..le ﬁ] and gbgte synt hesi zer

634. The val ue obtai ned by mu ue o he pixel in

framg #redphysddie %@@I&i&{i@zﬁ QP Uthed (<o 'lff*i@) 39 gl 652 15 equival ent

to the background conmponents of the pixel value of the correspondi ng
' pi xel inforeground components of the seventeenth pixel from the left

in frame #n can be expressed by equation (23).

fl16 = Cl6-ale*Plé6 (22)
£17 = Cl7-a17+*P17 . : (23)
10 In this manner, the foreground components fc contained

_in the pixel value C of the pixel belonging to the covered
background area can be expressed by equation (24):

fc = C-a°P | (24)

where P designates the pixel value of the corresponding
15 rpixel in the previcus frame.

Fig. 63 illustrates the processing for separating the
foreground components frbm the pixels belonging to the
uncovered background area. In Fig. 63, al through «18
indicate mixture ratios of the individual pixels of frame #n.

20 In Fig. 63, the second through fourth pixels from the left
belong -to the uncovered background area.

The pixél value C02 of the second pixel from the left

- in frame #n can be expressed by equation (25):

25




frame #n. The cal culator 653 subtracts the background cegpggediteossupplied
fromthe switch 652 fromthe pixel value of the pixel in frame #n supplied
fromthe frame nenory 621 so as 25 to obtain the foreground conponents.
The. cal cul ator 653 19 August 2005 - 135 supplies the foreground conponents
of the pixel in frame #n belonging to the covered background area to the
synt hesi zer 633. The synt hesi zer 633 conbi nes the foreground conponents 5
of the pixels belonging to the uncovered background area and supplied from
the cal cul ator 643 with the foregreundl eonponents of the pixels bel onging
to the covered background area and supplied fromthe cal cul ator 653, and
supplies the synthesized foreground conponents to the frane nenory 623. 10

The synt hesi zgr, 63 i t ynd conponents of the pixels
bel ongi ng to%?ﬁe u%8%3§?§§%§§EE§?2§%§g% ®a and supplied fromthe switch

642 with the bacgggguggzgfappgents of the pixels belonging"to the covered
background area an supplred fromthe switch 652, and supplies.the

synthesi zed 15 bgc&ganQQFggpponents to the frane ”E”DQ$5223' The “frane
menory 623 stores the foreground conponents and the background conponents

-of the pinges dn kA AR tiR @A xQurk’ 2HR 18N o$URRL] ggcgﬁﬁnbﬂgglsepar ation
processing block 622. 20 The franme nmenory 623 outputs the stored
foregr ountbm aerpaeert SnofFrbhe Bnxehadl RokhgediyRdtasetnépixai® #n and
value of the second pixél from the left in frame #n+1.
The sum £02 of the foreground components of the second

pixel from the left in frame #n can be expfessed by equation

{26) based on equation (25).

It

10 £02 = FOl/v

CO2-a2NO2Z (26)

Similarly, the sum f03 of the foreground components of
the third pixel from the left in frame #n can be expressed
by equation (27), and the sum f04 of the foreground

15 components of the fourth pixel from the left in frame #n'can
be expressed by equation (28).

f03

CO3-a3°NO03 ' (27)

£04 C04-04*N04 ‘ _ (28)

7 In this manner, the foreground components fu contained
20 in the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (29):
fu = C-a*N : : (29)
- where N designates the pixel value of the corresponding
pixel in the subsequent frame.

25 As discussed above, the separating portion 601 is able




t he stored background conponents of the pixels in the mgadguamessi n frane
#n. By utilizing the mxture ratio a, which indicates the 85 feature
quantity, the foreground conponents and the 19 August 2005 - 136
background conponents contained in the pixel values can be conpletely
separated. The synthesizer 603 conbi nes the foreground conponents of the
pixels in the nmixed area in frame #n output fromthe 5 separating portion
601 with the pixels belonging to the foreground area so as to generate a
foreground conponent inmage. The synttB@stzer 605 conbi nes t'he background
conponents of the pixels in the mxed area in frane #n output fromthe
separating portion 601 with the pixels 10 bel onging to the background area

S0 a5 o SRR cHIAGKELONILLOBRAREIL TP GS P Ll B8} LI UStrates an

exanple of the foregrou conmponent [ rnage correspon g to frane #n in

Fig. 61 bé_icﬁ'g;ufgsﬁd | hHdS (i80S a%@-.ae)é.ﬂﬁpltﬁeoi)atsggﬁgﬁﬁhgE:BHggnSﬁ)@onent | mage

15 corresponding to frame #n in Fig l'ustrates an exanpl e of

t he fOrQil"dhuFLdleQQiml%nﬁ)ell%@&ngortbe%ﬁenﬁhﬁgdt aréaaﬂssga bR thg- 61. The
| eft rost pixel and the fourteenth pixel fromthe left consist of only the

backgr ounft cagrrarentindiebenagt kBe28ot8E8dr BHBRg2BANEN8rbACKkEH Otmel ar e
separated, and thus., the pixel values are set to 0. The second and fourth
plxe$s hmmmﬂMatﬂoﬁfUnﬂ&bamgngOthe uncovered background area

contained in the area information, and the mixture ratio a

for each pixel.

Fig. 64 is a‘block diagram illustrating an example of
the configuration_of the separating portion 601 for

10 executing the above-described processing. An image inﬁut
into the separating portion_601 is supplied to a frame
memory 621, and the area information indicating the covered
background area and the uncovered baékground area supplied
from the mixture-ratio calculator 104 and the mixture ratio

15 « are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units
of frames. When a frame;to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one

- frame before frame #n, frame #n, and frame #n+l, which is

20 the frame one frame after frame #n.

The frame memory 621 supplies the corresponding pixels
in frame #n-1, frame #n, and frame #n+1 to the_separation.l
processing block 622.

The separation processing block 622 applies the

25 .calculations discussed with reference to Figs. 62 and 63 to




t he -uncovered background area before the foreground andi$ pggudt@ol®round are
separated. Accordingly, the background 25 conponents are set to 0, and the
foreground conponents are 19 August 2005 - 137 nmaintained. The el eventh-
through thirteenth pixels fromthe |eft belong to the covered background
area before the. foreground and the background are separated. Accordingly,

t he background conponents are set to O, and the foreground 5 conponents are
mai ntai ned. The fifth through tenth pixels fromthe |left consist of only

t he foreground conponents, which ardéa3Bhus maintained. Fig. 65B illustrates
-an exanpl e. of the background conponent inage corresponding to frame #n in
Fig. 61. The 10 leftnost pixel and the fourteenth pixel fromthe |eft

consi st oo 9Pled N ARSKUO AL SUMAIBIRLG Greditie s eLagroyndand the

background are separated, a round conponents aré

i nt af Nednd T SERNGL A Yat ol Qi) Rl Brdl KA EhenkehibnBelopgy 16 to

t he uncovered background area before t oregroun ound are

separ at ashs A O dHladhed o fotnR@ AN d nag CARIAG N khedkBvEEEat 0 0. "and the
background conmponents are naintained. The el eventh through thirteenth

pi xel s fiakditund efrledd I Hed unde veRuar 8dckaskanauadear saabehere the 20
foreground and the background are separated. Accordingly, the foreground

conpbneniixkialme Seitilo i scard tthe sepakareunte ¢oFpgReiha abMphREALai Nned. The
fifth through tenth pixels fromthe left consist of only the foreground
Conponeﬁﬂﬂliﬂndbackg;ound components from the pixels belonging to
the mixed area in frame #n, and supplies them to a frame
rmemory 623,
The separation progeésing block 622 is formed of an
10 uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.

A multiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+l
supplied from the frame memory 621 by the mixture ratio «,

15 ~and outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pikel in frame #n+l) supplied from the
‘frame memory 621 belongs to the uncovered background area,

| and supplies the pixel value multiplied by the mixture ratio

20 o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The valﬁe obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
o output from the switch 642 is equivalent to the background
components of the pixel value of the correspdnding pixel in

25 frame #n.




thus, the pixel values are set to 0. 25 The processing ﬁgmuggaqogging t he
foreground and the 19 August 2005 - 138 background executed by the
foreground/ background separator 105 is described below with reference to
the flowmhart of Fig. 66. In step S601, the frame nmenory 621 of the
separating portion 601 obtains an input imge, and stores 5 frame #n for
whi ch the foreground and the background are separated together with the
previous frane #n-1 and the subsequent frame #n+l. .In step S602, the
separation processing block 622 of - tist separating portion 601 obtains area
informati on supplied. 10 fromthe mixture-ratio calculator 104. In step
S603, the separation processing block 622 of the separating . portion 601
obtains the m ti.0 plied fromthe m xture- ratio cal cul ator

T04" 1 step oAb LR iiEaciRo ke prokatolna fomgoidntyg

backgr ougdp FRIBANERLR {HOUEIECIPIeE) M Fh i AS JUNEl $H3hanging to the

uncover ed ground area supplied from rame nmenory ased on the

area infoifgii o Ahthe L1P Mg idy AP the |dhailChedily, eblleunggvered area

processor 631 extracts or eground conponen om the pixel values

Che. 1 ams nor s T Bt e o e e St ur e ati o
a1 B steppSols e KN QRMYRERTEOL O3R! kRA Sn frame #n
bglonging‘to the uncovefed background area to the
synthesizer 633.
" A multiplier 651 of the covered area processor 632

multiplies the pixel value of the pixel in frame #n-1

10 supplied from the frame‘memory 621 by the mixture ratio a,

and outputs the resulting pixel value to a switch 652. The

-.switch 652 is closed when the pixel of frame #n

{corresponding to the pikel in frame #n-1) supplied from the
frame memory 621 belongs to the covered background area, and
15 supplies the pixel value multipliéd.by the mixture ratio «
supplied from the multiplier 651 to a calculator 653 and the
synthesizer 634. The vaiue cbtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio
a output from the switch 652 is equivalent to the background
20 components of the pixel value of the corresponding pixel in
frame #n.
The calculator 653 subtracts the background components
supplied from the switch 652 from the pixel value of the
pixel in frame #n supplied from the fréme memory 621 so as

25 to obtain the foreground components. The calculator 653




25 the background conponents fromthe pixel values of {dhgaudtdogsist 2005 -
139 pixels belonging to the covered background area supplied fromthe
frame nenory 621 based on the area information and the mixture ratio a. :In
step S607, the covered area processor 632 extracts 5 the foreground
conponents fromthe pixel values of the pixels belonging to the;covered
background area supplied fromthe frane nenory 621 based on the area
information and the mxture ratio a. In step S608, the synthesizer 633
conmbi nes the 10 foreground conponentiS$5of- t he pi xels belonging to the
uncover ed background area extracted in the processing of step S605 with
the foreground conponents of the pixels belonging to the covered

packar ouldp A1 £ Cid Akt dhld SauflBRERY U Unes HART00h Syt hesi zed

foregrou 5 conponent's "are supp to the synthéesizer 6

synthesi'géio,g@ﬁw | W4 Nele CQIUNMES ddifkdtiotilss 22019 9!l 19kgdr ound

area supplie vﬁ% t he g%ﬁtch 602 mﬁtﬁﬂihe forgb?%tﬁgeco gﬁgﬁggggupplied
fromthegsgparating portion 601 so as to generate a foreground conponent
image. 20 In step S609, the synthesizer 634 conbines the background

conponent s ofrhehgyRitkeks zBel e8gi 88mbontLethdNE8Y8HPHuRACKSHSIYREL 8% ea
extracted in the processing of step S604 with the background conponents of

the pi xedS tHeelpingilig Hed dnfad ngoter etebanlkorendd dheagesuhachedai Antihe 25

- processing of step S606. The synthesi zed background
_supplied from the calculator 643 with the foreground
components of the pixels belonging to the covered background
‘area and supplied from the calculator 653, and supplies the
synthesized foreground components to the frame memory 623.

10 The synthesizer 634 combines the background compoﬁents
of the pixels belohging to the uncovered background area and
supplied from the switch 642 with the backgrdund components
of the pixels belonging to the covered background area and
supplied from the switch 652, and supplies the synthesized

15 background components to the frame memory 623.

The frame memory 623 stores the foreground components
and the'backgrbund compohents of the pixels in the mixed
area of frame #n supplied from the separation processing
block 622.

20 " The framelmemory 623 outputs_the stored foreground
components of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.
| By utilizing the mixture ratio a, which‘indicates the

- 25 feature guantity, the foreground components andrthe




. specifying unit 103 are supplied to a unit-of-process

19 August 2005 - 140 conponents are supplied to the synypagist@po$05. The
synt hesi zer 605 further conbines the pixels belonging to the background
area supplied via the switch 604 with the background conponents supplied
fromthe separating portion 5 601 so as to generate a-background conponent.
imge. 1In step S610, the synthesizer 603 outputs the foreground conponent
image. In step S611, the synthesizer 605 outputs the background conponent
i mge. The processing is then conpleted. 10 ‘As di scussed above, the

~ foreground/ background separator 105 i3 able to separate the foreground

conponents and the background conmponents fromthe input inage based on the
area information and the m xture ratio a, and outputs the foreground

j i sting f f d 15 t dth
backor oupa RaRaaRd eaith e Efidadnife B SIS Wit b aelgrad s Bhponents. A

descri ptiQiniStooWw Qi adj ustnents for. the anount of notion blur in
t he foreg@@%nd cg%%oﬁ%ﬁ%n%%%ge. Fig. 67 is a block diagramillustrating an

examle of 20idieRayeal k88 SonblndiDth B ATRLLARANILE 100, The

‘nmotion vector and’the positional

ormati on 0 romthe
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et erm ni ng

por t 5on Sédawdhp porradel €oar Rt RAd ifikaAQ2 belbai4fiage¢o¢hd conmponent
i mage 19 August 2005 '
.fqreground area so as to generate a foreground component
image. The synthesizer 605 combines the background
components of the pixels.in the mixed area in frame #n
output from the separating portion 601 with the pixels
10 belonging to the backgrbund area so as to generate a
background component image; .

Fig. 65A illustrates an example of the foreground
component image correspdnding to frame #n in Fig. 61. Fig.
65B illustrates an example of the background compbnent image

15 corresponding to frame #n in Fig. 61.

Fig. 65A illustrates an example of the foreground
component image correspdnding to frame #n in Fig. 61l.  The
leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the

20 foreground and the background are separated, and thus, the
pixel values are set to 0.

The second and fourth pixels from the left belong to
the uncovered background area before the foreground and the
background are separated. Accordingly, the 5ackground

25 components are set to 0, and the foreground components are




- 141 supplied fromthe foreground/ background separatoquggﬁhgogypplied to
an adder 804. The unit--of-processing. determ ning portion 801 supplies,
together with the notion vector, the unit of processing that 5 is generated
based on the notion vector and the positional information, thereof and the
area information to the nodel - form-ng portion 802. The unit-of-processing
determ ning portion 801 supplies the generated unit of processing to the
adder 804. 10 As indicated by Ain Fig. 68, for exanple, the unit of
processi ng generated by the unit-of-[@Bdcessing determ ning portion 801

i ndi cates consecutive pixels disposed in the noving direction starting
fromthe pixel corresponding to the covered background area of the

for eqr olggh pOIRANENt R, IIRARMH HnddDnPlofele B0 85 890100 L0l B

uncover ed ackgroun S consecutive~pi xé Sposéd in

the movifgedidedipnSldld IdhdieiMdikdliohtla Go6aeeaeadNgnet 0 the

uncover ed background area until the piXel corresponding to the covered

backgr oungreafr@find Hhd!tide HacdkrihRe SN G Jparbeeed QECBWBJ‘_H%;?&?S of data
which indicate, for exanple, the upper left point (which is the.position

of the diaf tmsdground @ dn@RmRsitsPiax@ sieft ttle of, maga ¢8si @Batgdolngt he unit
of processing) and the |ower right point. The nodel -form ng portion 802

forns acungelndmasedren maidn tai@edt | PRevEGroh aRdohBR tBAYL pRickef
processi ng. Mre 19 August 2005 - 142
from the left consist of only the foreground components,
which are thus maintained.
Fig. 65B illustrates an example of the background
component image corresponding to.frame #n in Fig. 61. The
10 leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the
foreground and the background are separated, and thus, the
background components are maintained. |
The second through fourth pixe;s from the left belong
.15 to the uncovered background area before the foreground and
the background are separated. Accordingly, the foreground
components are set to 0,%and the background components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
20 foreground and the background are separated. Accordingly,.
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components, and
thus, the pixel values are set to O. |

25 The processing for separating the fofeground and the




specifically, for exanple, the nodel-form ng portion 80%gpmgyustdbose in
advance a plurality of nodels in accordance with the nunber of pixels
contained in the unit of processing, the nunber of virtual divided portions
of the pixel value in 5 the tinme direction, and the nunber of foreground -
conponents for each pixel. The nodel-forming portion 802 then may sel ect
the nodel in which the correlation between the pixel values and the
foreground conponents is designated, such as that in Fig. 69, based on the
unit of processing and the 10 nunber 188 virtual divided portions of the
‘pixel value in the tine direction. It -is now assuned, for exanple, that
the nunber of pixels corresponding to~the unit of processing is 12, and

that th h th
nngel fgﬁﬁgﬁgﬂ%ggilon(%ggﬂf ﬁ% F%EE%u gP%o /%%%r%Egﬁng. 8e%§p§rfpons ?o
5, and sifcis @eéﬂ?ﬂ%e({ YTRA Wlthe'rg%%rtaﬁggs 80 tha' %QBQUﬂgrﬁog?onent S SO

t hat the | eft most pi xel contains one foreground conponent, the second

pi xel  frm td, | eff G @6 ! Whel SraREOHBROEYTBIRCBES thhhe third 20 pi xel
fron1the Ieft contains three foreground componénts, the fourth pixel from

the | ef tsegpirtal ity fgdtiPnXelol e@¥RER8NES, ihpetf I_Jnhaepl %8k krepeghe-left
contains five foreground conponents, the sixth pixel fromthe left

cont 8i nEfamee #nOrRGr Gidhc efeOOREgrobha aauenhl BhxRbrbhind bet he | eft
contains five foreground conponents, the eighth 19 August 2005 - 143 pi xel
 from t hedpefriatednttaiges hibirv eithr egeoppdvioasoneans, #hhe and the ‘
subsequent frame #n+1.
-In_step 5602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
10 from the mixture-ratio calculator 104. In step S603, the
separation processing bleck 622 of the separating portion
- 601 obtains the mixture ratio o supplied from the mixture-
ratio calculator 104.
In step S604, the uncovered area processor 631 extracts
15 the background components from the pixel values of the
pPixels belonging to the uncovered background area supplied
from the frame memory 62f based on the area information and
- the mixture ratio a.
In step S605, the uncovered area processor 631 extracts
20 the foreground components from the pixel values of the
pixels belonging to the uncovered background area supplied
- from the frame memory 621 based on the area information and
the mixture ratio a.
In step 5606, the covered area processor 632 extracts

25 the background components from the pixel values of the




ninth pixel fromthe. left contains four foreground Coﬂ@ﬁﬂgﬁﬁiooéhe tenth
pi xel fromthe left contains three foreground conponents, The el eventh
pixel fromthe left 5 contains two foreground conponents, and the twel fth
pi xel fromthe |eft contains one foreground conmponent. Instead of
selecting a nodel fromthe prestored nodels, the nodel-form ng portion 802
may generate a nodel based on the notion vector and the unit of processing
when the notion 10 vector and the unit of processing are supplied. The
nodel -form ng portion 802 supplies tH8%el ected nodel to an equation
generator. 803. The equation generator 803 generates an equation based on

t he nodel supplied fromthe nodel -form ng portion 802. A 15 descrlptlon IS

Thuen bebore1 sl BELSFIAEENES Hife (IR dINP i bl LU Ui paoTROneNT | Mg

shown in Fig.. an equation generate uatron-dgenerator 803
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corresponding to the unit of processing is 12, e- anount 0 novenent v

"|s 5, anthé¢ heisttwkerrofiod/igtual divided portlons is 5. Wen the fpreground

conponents contained in the foreground conponent inmage corresponding to

the shutter Im mtlep @e@770the tbievgh EB8AVprbbesss)ationshipscbet ween 25
FO1/v through FO8/v and the pixel val ues CCF t hrough C12 can 19 August 2005
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pixels belonging to the ‘covered background area supplled
from the frame memory 621 based on the area information and.
the mixture ratio «.

In step S608, the synthesizer 633 combines the

10 foreground components of the pixels belonging to the
uncovered background area extracted in the processing of
step 5605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of step S607. The synthesized foreground

._15 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the
foreground components supplied from the separating portion
601 so as to generate a foreground component image.

20 In step S609, the synthesizer 634 combines the
backgrdund components of the pixels belonging to the
uncovered background area extracted in the processing of
step S604 with the background components of the pixels
belonging to the covered backéround area extfacted in the

25 processing of step S606. The synthesized background




_generated equations. The equations geqﬁ5
g

002 = F02/v+FOL/v 003 = FO3/ v+F02/ v+FO 'y 5 Q04 = F04/v+$gabymﬁgﬁby+FC1v o5

= +FQ2/v+FA v CO06 = FO06/v+F05/v+F04/ v+F03rv+F02/v CO7 =
PO Vo6 Yo o C08 = F08/v+F07/v+F. 06/ v+F0O5/ v+F04/v 10 C09

4/v+FO3/ v Q08 =
FO7/ VHFOB/ v+FOS/ v+FO4/ v = F08/ v+FO7/ v+F0B/v O | = FO8/ v+F07/v Cl2 =

= F08/v+F07/v+F06/ v+F05/v Cl10 =

FO8/ v The equation generator 803 generates an 530) b(Si% négﬁgyiESB%he(34)
9) (40 41) equation by

o arod equstl ons. The' sonati s o )ateg by the equation generator 803

are indicated by equations (42) thou (53).

. components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
background area supplied via the switch 604 with the
background components sqpplied from the separating portion

5 601 so as to generate a’ background component image.
In step S610, the synthesizer 603 outputs the
foreground compohent image. 1In step S611, the synthesizer
605 outputs the background component image. The processihg
is then completed. |
10 As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the inpﬁt image based on the area
information and the mixture ratio «, and outputs the
foreground component image consisting of only the foreground
15 - components and the background component image consisting of
only the background components.
A description is now given of adjustments for the
amount of motion blur in.the foreground component image.
Fig. 67 is a block diagram illustrating an example of
20 the configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof_
supplied from the motion detector 102 and thé area
information supplied from the area specifying unit 103 are
supplied to a unit-of-processing détermining'portion 801 and

25 a model—forming portion 802. The foreground component image.




- CO

1F01/ v+0F02/ v+0F03/ v+0F04/ v+0F05/ v +0F06/ v+0F07/ yg@ﬁcgggtm@gtz) 20

- Q02 1F01/ v+1FQ2/ v+0FO3/ v+OFO4/ v+OFCB/ v +0F06/ v+OF07/ v+0F C03
1FOL/ v+1F02/ v+1F03/ v+OF04/ v+0F05/ v  +0F06/ v+0F07/ v+OF08/ v C04 =

1' FO1/ v+1F02/ v+1F03/ v+1F04/ V+0F05/ v 25 (44) +0F068/ v+OFO7/ v+O@ 08/ v (45) 19

August 2005 -- 14 5 (CO5 = 1F01/v+1F02/v+10F03/v+1F04/ v+1FCb/ v

+0F06/ v+0F07/ v+OF08/ v (46) C06 = OFOL/v+1F02/v+1FQ3/ v+1F04/ v+1F06/ v

+1F06/ v+OFO7/ v+0OF08/ v (47) 5 @07 = OF01/ V+0FQ2/ v+l FGB/ v+l FO4/ v+l FOGB/ v

+1F06/ v+1F07/ v+0F08/ v (48) 08 = CGF@&#lv+0F02/ v+0F03/ v+l - FO4/ v+1F05/ v

+1F06/ v+1FO7/ v+1F08/ v (49) ,CI)9‘: 0F01/ v+0F02/ v+O* FO3/ v+0OF04/ v+1F05/ v 10

+1F06/ v+l FO7/v+1F08/v (50) C10 0F01/v+CF02/v+CfF03/v+0FO4/v+OF05/V

+1* FO6/ vsﬁﬁﬁiddlf@ﬁvtl{éjﬁo §QF v 5@ pErA3 0¥+ Q344w +OF05/ v
+09F06/ v+l FO7/ v+1FQ8B/ v (52) C12 = 0OF01/ v+OF02 +oF03/v+0F04/v+0 FO5/ v

+OF06/ v +EmF] verd FEB/ an (&f)er 804.

The unit-of-processing determining portion 801 supplies,

together with the motion.vector, the unit of processing that
5 1is generated based on the motion vector and the positional
information thereof and the area information to the model-
forming portion 802; The dnit—of-processing determining
portion 801 supplies the geﬁerated unit of processing to the
adder 804. |
10 ‘As indicated by A in Fig. 68, for example, the unit of
?rocessing generated by the unit-of-processing determining
portion 801 indicates consecutive pixels disposed in the
moving direqtion starting from the pixel corresponding to
| the covered background area of the foreground component
 15 image until the pixel correspoﬁding to the uncovered
background area, or indicates consecutive pixéls disposed in
the moving direction starting from the pixel corresponding
to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
20 processing is formed of'fwo pieces of data which indicate,
for example, the upper left point (which is the position of
- the leftmost or the topmost pixél in the image designated by
the unit of processing) and the lower right point.
The modelffdrming portion 802 forms a model based on

25  thé motion vector and the input unit of processing. More




Equations (42) through (53) can be expressed by equati@@A&géﬁzo' aij Fi

[ v ( 54) L=ai 20 In equation (54), j designates the position of the

pixel. In this exanple, j has one of the values froml| to 12. In equati.on
(54), i designates the position of the foreground value. In this exanple,
I has one of the values from1l to 8. 19 August 2005 -- 14 6 In equation

(54), aij has the value 0 or 1 according to the values of i and j.
Equation (54) can be expressed by equation (55) in consideration of the
error. oe aijFi/v+ej i=01 (55) In-eq4ati-on (55), e designates the error
contained in the pixel of interest . Equation (55) can be nodified into
equation (56). ae 10 ej=C - aijFi/v 1=01 (56) In order to apply the nethod

of |eaSts§QH§ff§aliF? for example, the model-forming portion 802 may

store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtwal divided portions of the pixel value in

5 the time.direction, and the number of foreground COﬁponents
~for each pixel. The model-forming bortion 802 then may
select the modei in which the correlation betweeﬁ the pixel
values and the foreground components is designated, such as
that in Fig. 69, based on the unit of processing and the

10 number of virtual divided portions of the pixel value in the
time direction.

It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.

15 Then. the model-formihg portion 802 sets the number of
- virtual divided portions to 5, and selects a model formed of
eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
20 pixel from the left contains three foreground'components,
the fourth pixel from the left contains four pixel
-components, the fifth pixel-from the left contains five
foreground components, the sixth pixel from the left
contains five foreground components, the sevénth pixel from

25_ the left contains five foreground components, the eighth




- square sum E of the error is defined as equation (57). {@aRqustbBls]=01 15
(57) In order to mnimze the error, the partial differential value using
~the variable Fk with respect to the square sumE of the error should be:0.

Fk is determ ned so that equation (58) is satisfied. 3 E 12 ore j 2 L e3 2
O ~Fk j1 01 dF k (58) 12 08 =2 (Cj - aid Fi / v) (-akj I v) =0 7=01

I =01 19 August 2005 - 14 7 .In equation (58), since the anmbunt of novenent
vis a fixed value, equation (59) can be deduced. 12 .:~ akj j=0 i=0 5

To expand equation (59) and transposd4the terns, equation (60) can be
obtained. 12 08 12 J(akjlaijFi)=vlakjg (60)

pixel from the left contains five foreground components, the
ninth pixel from the left containé four foreground
components, the tenth pixel‘ffom the left contains three
foreground components, the eleventh pixel from the left
5 contains two foreground components, and the twelfth pixei
from the left contains one foreground component.
instead of selecting a model from the prestored models,
the model-forming portion 802 may generate a model based on
the motion vector and the unit of processing when the motion
10 wvector and the unit of processing'are supplied.
The model—fo:ming portion 802 supplies the selected
model to an equation generator 803.
The equation generator 803 generates én equation based
on the model supplied from the model~forming portion 802. A
i5 desgription is given below, with reference to the model of
the foreground component image shown in Fig. 69, of an
equation generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels
correSponding to the unit of processing is 12, the amount of
20 movement v is 5, and the number of virtual divided portions
is 5. |
When the foregréund,components contained in the
foreground component image corresponding to the shutter
time/v are F0l/v through F08/v, the relationéhips between

25 FOl/v fhrough FO08/v and the pixel values C0l through Cl12 can




j-01 i=0 j-01 10 Equation (60) is expanded into eight eguaLiPsCHy
substituting the individual integers from1l to 8 into k in “equation (60).
The obtai ned ei ght equations can be expressed by-one matrix equation. This
equation is referred to as 'a "nornmal equation". 15 An exanple of the
normal equation generated by the equation generator 803 based on the
met hod of |east squares is indicated by equation (61). 08 j- laijFi/v)
(59) 19 August 2005 - 148 12 115 .43 21000 45432100 314
3210 23454321 12345482 01234543 001234

000123 4'5 FO1 FO2 FO3 FO04 FO5°

o1 ot |l
RO

be expressed by equations (30) through (41).

C01 = FOl/v , (30)

| C02 = FO2/v+FO1/v (31)

C03 = FO3/v+F02/v+F0lv ' (32)

5 - C04 = F04/v+F03/v+F02/v+F0lv (33)
C05 = F05/V+F04/v+F03/v+F02/v+F01v (34)

C06 = FO6/v+F05/v+F04/v+F03/v+F02/v (35)

C07 = FO7/v+F06/v+F05/v+F04/v+F03/v (36)

C08 = FO08/v+F07/v+F06/v+F05/v+F04/v (37)

10 | Co9 = F08/v+F07/v+F06/v+F05/v (38)
Cl0 = F08/v+F07/v+F06/v (39)

€11 = FO8/v+F07/v | (40)

Cl2 = FO8/v : (41)

The equation generator 803 generates an equatidn by
15 modifying the generated equations. The eguations generated
by the equation generator 803 are indicated by equations

(42) though (53).

€01 = 1°F01/v+0°F02/v+0*F03/v+0°F04/v+0°FO5/v
+0*F06/v+0°F07/v+0+F08/v | - (42)
20 . C02 = 1'F01/v+1'F02/v+0'F03/v+O'F04/v+O'F05/v |
+0°FO06/v+0+F07/v+0°*F08/v {43)
C03 = 1°F01/v+1°F02/v+1°F03/v+0*F04/v+0*FO05/v
+0°F06/v+0°F07/v+0°F08/v (44)
C04 = 1°FOL/v+1*F02/v+1°F03/v+1%F04/v+0°FO5/v

25 +0*F06/v+0°F07/v+0*F08/v (45)




FO6 FO7 FO8 VV. 101 G | 09 2C i- 05 08 07 06'059Wuéustizﬁ@§ (61)
When equation (61) is expressed by AF=vC, C, A and v are Known, and F is
unknown. A and v are known when the 5 nodel is forned, while C becones
known when the pixel value is input in the addition processing. By

cal culating the foreground conponents according to the normal equation
based on the nethod of |east squares, the error contained in the pixel C
can be distributed. 10 The equation generator 803 supplies the nornal
equation generated as discussed abold5te the adder 804. The adder 804
sets, based on the unit of processing supplied fromthe.unit-of-processing

- determ ning portion 801,
CO05 = 1°FOL/v+1°F02/v+1+F03/v+1F04/v+1+F05/v

,  +0*F06/v+0*FO07/v+0+F08/v (46)

Co06 = 0-F01/vfl-F02/v+1-F03/v+1vF04/v+1-F05/v
+1*F06/v+0+F07/v+0+F08/v (47)

5 CO07 = 0*F01/v+0*F02/v+1*F03/v+1°F04/v+1¢F05/v
+1-F06/v+1-F07/v+b-F09/v (48)

c08 = 0fF01/V+0-F02/v¥0°E03/v+1!F04/v+1;F05/v
+1eF06/v+1+F07/v+1*F08/v (49)

Cco09 =-0!?01/V+O'F02/V+O'EO3/v+O°FO4/v+1°F05/v
10 | +1°F06/v+1+F07 /v+1+F08/v (50)

Ccl0 = 0-F01/v+0-F02/v+0-F03/v+b-F04/v+0-F05/v
+1-F06/v+1?F07/v{1-F08/v (51)

Cl1l = 0FO01/v+0*F02/v+0+F03/v+0°F04/v+0°F05/v
+0*F06/v+1°FO07/v+1°F08/v {52)

15 Cl2 = 0+F01/v+0°F02/v+0*F03/v+0°F04/v+0F05/v
+0°F06/v+0*F07/v+1*F08/v (53)

Egquations (42) throdbh (53) can be expressed by

equation (54).

o8
Ccj = Eaij-Fi/v (54)

i=01

20
In equation (54), j designates the position of the pixelQr
In this.example, j has one of the values from 1 to 12. 1In
equation (54), i designates the position of'fhe foréground

value. 1In this example, i has one of the values from 1 to 8.




t he pi xel value C contalned in the foreground conponent 1daugisrgeos n t he
~matrix equation supplied fromthe equation 19 August 2005 - 149 generator
803. The adder 804 supplies the matrix in which the pixel value Cis set-
to a calculator 805. The cal cul ator 805 cal cul ates the foreground conponent
Fi/v fromwhich nmotion blur is elimnated by the processing 5 based on a
-solution, such as a sweep-out nethod (Gauss Jordan elimnation), so as to
obtain Fi corresponding to i indicating one of the integers froml to 8,
which is the pixel value from whi ehld6tion blur is elimnated. The

cal culator 805 then outputs the foreground conponent image 10 consisting of
the pixel values Fi w thout notion blur, such as that in Fig. 70, to a

not i on- bfur Ie l.n th fore r,ound,_copponent
i mge W tﬁo%ﬁ ITDEI on&‘bzﬁ35 aaisjho%n |Cttr11-l v%%%o e r85 %‘#‘89 £8¢ gﬁﬁg FO1
through‘&gihégloéﬁngﬁit irough O, respectlvely, is not to change the
position of the Toreground conponent inage with respect to the screen.

However, %QHQB EQQ)WBXHbﬁeSQ%FfQSQQ gg é&?tf?ﬁn%§§Ps The

not i on- qur adder 806 is’'able to ust t T ori bl ur by addi ng

- the amuwdnsd advaewtdirclhfmeti-or by, ~ 20 is adjusted, which is different from
t he anobunt of novenent v, for exanple, the anount v' by which notion blur-

is adjusted, &hich is one half the value of the anbunt of novenent v, or
t he anmoufit ~v' ?lﬂhﬂﬁm/nwthﬁﬂ blur is adjusted, which is i¢¥5®)evant to the
anount of novehent v.

- In equation (55), ej designates the error contained in the
pixel of interest Cj.

Equation (55) can be modified into equation (56).

08
10 ej=Cj- Y aij-Fi/v (56)

i=gl

In order to apply the method of least squares, the

square sum E of the error is defined as equation (57).
E= Yef (57)

15
In order to minimize the error, the partial
differential value using the variable Fk with respect to the

'square sum E of the error should be 0. Fk is determined so

‘that equation (58) is satisfied.

20 : | A(58)

J=0L i=01




25 For exanple, as shown in Fig. 71, the notion-blur ad¢@pu§@§2@&;August
2005 - 150 divides the foreground pi xel value Fi wthout notion blur by
the anpbunt v' by which nmotion blur is adjusted so as to obtain the

f oreground conponent Fi/v'. The notion-blur adder 806 then calculates the
sum of the foreground 5 conponents Fl/v', thereby generating the pixel
value in which the amount of notion blur is adjusted. For exanple, when
t he -amount v' by which notion blur is adjusted is 3, the pixel value C02
is set to (FOL)/v', the pixel value &37 s set to (FOL+F02)/v', the pixe
value C04 is set to 10 (FO1+FO2+F03)/v', and the pixel value CO5 is set to
(FO2+F03+F04)/v'. The notion-blur adder 806 supplies the foreground
conponent image in which; the amount of notion blur is adjusted to a

sel ector 807. 15 The sel ector 807 selects one of the foreground conponent
i mge W t houtrnmelzba R iBhuy 58ypPPkiiRdel ERE 4RGun€abE UGt SRSy AWl 4 he

f oreground conponent inmage in which the anount of notion blur is adjusted

suppl i edf fxeimiieie,Meigueit-ilenul 58Jdean8Be hasg@de@n a sel ection signal
reflecting 20 a user's selection, and outputs the selected foreground

conponengai mage. As i scussed above, the notion-blur adjusting unit 106 is
abl e to ikt e adpdhi "dH A0Di onlbl ur based on the sel et®9bn signal and
t he ‘anoUit’ v' by whi®h notion blur is 25 adjusted.
5
To expand equation (59) and transpose the terms,
equatidn‘(GO) can be obtained.

.12 03 12 .
> (akj- Y aij-Fiy=v > akj-Cj (60)

j=01 =01 0

10 . Equation (60) is expanded into eight equations by
substituting the individual ihtegers from 1 to 8 into k in
equation (60). The obtained eight equations can be
.gxpressed by one matrix equation. This equation is referred
to as 'a "normal equation".

15 An example of the ndfmal equation generated by the
equation generator 803 based on the method of least squares

- is indicated by equation (61}.




- 19 August 2005 - 151 Al so, for exanple, when the nunbetg Afigit 2665
corresponding to the unit of processing is 8, and the amount of novenent v
is 4, as shown in Fig. 72, the notion-blur adjusting unit 106 generates .a

~matrix equation. expressed by 5 equation (62). r 08 Ici s ~43 210 34
321 23432 12343 01234'FO1 F02 FO3 FO4 FO5 =v 07 C
i =04 06 05 .1ci i=02 :

| - 148 -
r 12
Ci
i=08
11
_ Ci
(5.4 3 21 0 0 0jfro17 ig’
454321 0 0l|F02 i
34543 2 1 ofFo3 Ty
2 345 4 3 2 1||Fo4 2t
1234543 2|rs|™ 7" s (61)
: 1
0 1 2 3 4 5 4 3|iFoe| . 104
97
0 0123 45 4ffro7 Y ei
0 001 2 3 4 5/Fo08 158
o ci
1=02
a5
Ci
i=01

When equation (61) %s expressed by A*F=veC, C, A, and v

are known, and F is unknown. A and v are known when the
5 model is formed, while C becomes known when the pixel value
is input in the addition processing.

By calculating the foreqround components according to
the normal equation based on the method of least squares,
the error contained in the pixel C can be distributed.

10 - The equation generator 803 supplies the normal equation
generated as discussed above to the adder 804.

The adder 804 sets, based on the unit of processing
Supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component

15 image in the matrix equation supplied from the equation




04 (62) In this manner, the notion-blur -adjusting unit 19RfugGalzopsates Fi,
which is the pixel 'value in which the anount 10 of notion b? I s adj ust ed,
by setting up the equation in accordance with the |ength of the unit of - -
processing. Simlarly, for exanple, when the nunber of pixels contained

in the unit of processing is 100, the equation corresponding to.100 pixels
IS generated so as to calculate Fi. 15 Fig. 73 illustrates an exanpl e of
anot her configuration of the notion-blur adjusting unit 106. The sane

el ements those shown in Fig. 67 areld@signated with |ike reference
nuneral s, and an explanation thereof is thus omtted. Based on a sel ection
signal , -a selector 821 directly as 19 August 2005 - 15 2 - supplies an

Pyt PaEBBeAEGE Bo RN hd O 4 S 1ed LU A IR which o

~unit-of -processing determni-ng portion

802. Al t@t&é\a;%i:k’@i Yraldt® c S8l @0t Bl IR ta‘d)%e the magni tude- of the

notion 5 vec by the amount v' by which notion blur is adjusted, and

t hen 5Upp||e@hbh%aﬂﬁhﬂﬁﬂofe@bgrcﬁ@@uﬁﬁ@e@o§hﬁ'?Bﬁégréhﬂaaé hDShERE to the
uni t-of -processing determ ning portion 801 and the nodel ?ornlng uni t 802.

W th thisiar rargereiich Wt ion o1 R0GAIHiRG tel0ngeefMRLRESRBRLI On 801
t hrough the cal cul ator 805 of the notion-blur adjusting unit 106 shown in
Fi g. 573 basedle 4 Golution, such as a sweep-out method (Gauss-
Jordan eliminatibn), S0 as to obtain Fi corresponding to i
indicating one of the integers from 1 to 8, which is the
_ pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
10 = consisting of the pixel values Fi without motion blur, such
as that in Fig. 70, to a motion-blur adder 806 and a |
selector 807.
In the foreground component image without motion blur
shown in Fig. 70, the reason for setting F01 through FO08 in-
15 CcG3 thrqugh C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
‘However, FO0l1 through F08 may be set in any desired positions.
The motion-blur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur
20 is adjusted, which is different from the amount of movement
v, for example, the amount v' by which motion blur is
" adjusted, which is one half the value of the amount of
movement v, or thé amount v’ by which motion blur is
adjusted, which is irrelevant to the amount 6f movement v.

25 For example, as shown in Fig. 71, the motion-blur adder 806




".adjust the anmount of notion blur in accordance with thega phof
“novenent v and the anount v' by which notion blur is adjusted. For

exanpl e, when the anount of novenent is 5, 15 and the anpbunt v' by which
~notion blur is adjusted is 3, the wunit-of-processing determning portion
801 through the calculator 805 of the notion-blur adjusting unit 106
shown. in Fig. 73 execute conputation on the foreground conponent i nmage
in which the anount of nmovenent v is 5 shown in Fig. 20 .69 according to

t he nodel - shown in Fig. 71 in which tiR® -anount v' by which notion blur is
adjusted is 3. As a result, the inmage containing notion blur having the
anount -of novenent v of (anount of novenent v)/(anount v' by which notion

blur 1S VUL dne Hrdarodiia AR v.ja'laeil312%321?%%68§§}5§5§E11%l fgse, the

cal cul ated 1 nage does not contain notion

corr espofd hddndl We. AP WHL A nBRMGIPRHLLY 86 dujuleedl dondbyiol t should be

noted that the relationship .between the anpbunt "of novenent v and the

anmount vob#yi MiHeh £oRigrotin Wonlporn@@itusigdi.s ehtf aheRbnt pegyt he result of
the 5 notion-blur addér 806. As di scussed above,; the notion-blur

adj ust i ngaasy 8ok0Ghetie AN LAS telke tREUALI0BEI Rhaceordgpean®i th the amount of
novenent v and the unit of processing, and sets the pixel values of the

f or egr owdhpoRAEe Bt /T g € hieteble ggneenating tleeguabiotaltibeigby
cal cul ating the foreground conponent inmage in which the anount of notion
blur i s vadjohstibe. afibenpr ofempitagnf bluadjieskidngstba. anPont egémpdé ) on bl ur
~ when the amount v' by which motion blur is adjﬁsted is 3,-
the pixel value C02 is set to (F0l1l)/v', the pixel value C3
is set to (FO1+F02}/v', the pixel value C04 is set to
© 10 (FO1+F02+F03)/v', and the pixel value CO5 is set to
(FO2+F03+F04)/v'.
The motion-blur adder 806 supplies the foreground
compbnent image in which the amount of motion blur is
adjusted to a selector 807.
15 The selector 807 selects one of the foreground
component image without motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adder 806 based on a selection signal reflecting
20 a user's selection, and outbuts the selected foreground
component.image.
As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the

selection signal and the amount v' by which motion blur is

25 adjusted.




- the unit
‘the process returns to st ép

- 5805 t hat the pi xel val ues all the pixels

contained in the foreground conponent inmage executed by1§Rgqudi@bb®n- bl ur
adjusting unit 106 is described below with 15 reference to ?he fl owchart of
Fig. 74. In step S801, the unit-of-processing determ ning portion 801 of
the noti on-bl ur adjustlng unit 106 generates the unit of processing based
on the notion vector and the area information, and supplies the generated
unit of 20 processing to the nodel-forming portion 802. In step S802, the
nodel -form ng portion 802 of the notion-blur adjusting unit 106 sel ects or
generates the nodel in accordance-wi$h the anpunt of novenent v and the
unit of processing. In step S803, the equation generator .25 803 generates
t he nor mal equation based on the selected 19 August 2005 - 154 nodel. In
step S804, dd 8 t i ues of the .foreground component
fsg £br Qﬁaﬁﬁaf Qﬁeg %ﬁ% ﬂﬁﬂb E 1 % he adder 804

i mage in the genérated hor equat ron.

detern}%%%f@ggrocesg EBetBbXﬁhl¥a%?e§¥8%§§éi éhfspéx % t%ﬁée pi xe "l

ing are set rm nefl val ues

of all blfenBi¥akarcor E§5@0ngg8gh&\9n”ﬂf§ Ryt 93, PAOGR not yet set,

proocessi ng or setting the plxel

val ues nAjhbe;iig aﬁtaatoquéﬁé%té§ LeReeted. o c%tgartte%% zen n%‘sfsiaod"t e' Enftegf

processeggatacs $ebj.the process proceeds to step S806. In step S806,

© 08
ci
1=05
4 3 2 1 01(FO1] U
t [ ci
3 4 3 2 1HFO2 i;;m
2 3 4 3 2[Fo3] = v - Eci (62)
1 2 3 4 3||lroa 1
0 1 2 3 4fFos) Q. ci
N 4L . 1;22
ci
1=01

In this manner, the motion-blur adjusting unit 106
caiculates Fi, which is the pixel wvalue in which the amount

10 of motion blur is adjusted, by setting up the equation in
accordance with the length of the unit of processing.
Similarly, for example, wheﬁ the number of pixels coﬁtained
in the unit of processing is 100, the equatioh corresponding
to 100 pixels is generated so as to calculate Fi.

15 Fig. 73 illustrates an example of another configuration
of the motion-blur adjusting unit 106. The same elements as
those shown in Fig. 67 are designated with like reference
numerals, and an explanation thereof is thus'omitted.

Based on a selection signal, a selector:821 directly




the cal cul ator 805 calculates the pixel values of the 1bghggegropsnd in

whi ch the amount of notion blur is adjusted based on the normal equation
in which the pixel values are set supplied fromthe adder 804. The
processing is then conpleted. As discussed above, the notion-blur
adjusting unit 106 20 is able to adjust the anmount of notion blur of the
foreground i mage contai ning notion blur based on the notion vector and the
area information. That is, it is possible to adjust the anmount of notion
bl ur contained in the pixel values,-t¥# 4s, contained in 25 sanpled data.
19 August 2005 - 155 As is seen fromthe foregoing description, the signal
‘processing apparatus shown in Fig. 2 is able to adjust the anmount of

mot i on blsﬁf)pEQQEa!aﬂ%nbﬁ}:;lﬁ(‘?iéiclﬂg‘%e% €ind NE .Pcolsﬁ%ig’l“t rosciesnfailng appar at us

configured as shown In e to cal e nmXture ratio a,

whi ch | stgabsgdeds | L. nahd, QUi put cal cul at ' re ratio a.
Fig. 75 Fs a bl ogi Eﬁggélg%iﬁu%t rat%@n%#%ﬁ'@?’f%l@%ﬂoﬂlgﬂ

conf i gur ahé oPh&T mb&&1 DB HRT ! pr B NI Yitle G ivel i on vector and
.the positional information t é&éof 10 supplieéﬂ%gBﬁ?T% 'ng?%En det ect or

102 are sepptied 821 anaynéibH QL e MhdIBlRIdd HNFRROHLIt9Rn901 and an
adj usting portion 905. The area information supplied fromthe area

specisf yi vec i tb 08hé samappt ived dyo whheh Ridti@fr H19eessi Adjudekar,n ni ng
portion 901. The foreground conponent inage _
and then supplies the motion vector and the positional
signal thereof.to the unit-of-processing deterﬁining poxrtion
801 and the model-forming unit 802.
With this arrangement, the unit-of-processing

10 determining portion BOl‘through the calculator 805 of the
motion-blur adjusting unit 106 shown in ¥Fig. 73 are able to
adqut the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For exampie, when the amount of movement is 5,

15 and the amount v' by which motion blur is adjusted is 3, the
unit-of-processing determining portion 801 through the
calculator 805 of the mdtién—blur adjusting unit 106 shown.
in Fig. 73 execute computation on the foreground component
image in which the amount of movement v is 5 shown in Fig.

20 .69 according to the model shown in Fig. 71 in which the
amount v' by which motion blur is adjusted is 3. As a
result, the image containing motion blur having the amount
df movemenf v of (amount of movement v)/(amount v' by which
motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.

25 In this case, the calculated image does not contain motion




15 supplied fromthe foreground/ background separator 103gi Iadig &?@@éled to a
cal cul ator .904. The unit-of-processing determning portion 5 suppl i es,

t oget her with the motion vector, the unit of processing generated based on
the notion vector and the positional 20 information thereof and the area
information to a nodel- form ng portion 902. The nodel -form ng portion 902
fornms a nodel based on the notion vector and the input unit of processing.
An ‘equation generator 903 generates an equation based 25 on the nodel
supplied fromthe nodel -form ng portiiss 302. 19 August 2005 - 156 A
description is now given, with reference to the nodels of foreground
conponent inmages shown in Figs. 76 through 78, of an exanple of the

; 903 m f
o ouRSEE LB EL P d iy G514 U Hovtidn C%PPE“%GE& hg to th e.

f or egr ouni conpo p1'X

uni t of RECGEESAND, ! S Zndiith r{f’ﬂd%yth%f t BRI dndngp Wen the

f oreground conponents contal ne foregroun conponen mage

cort eSPORgtidert Ol Lrftthl e dldvBHah 22 Bl iche! gl '5084)2' whi8n

rel ati onshi ps bet ween 1/v throug plxel ue

t hrough $d&i RS- %rﬁﬁ%e@’ iQAYAHFRRING3 %)rohh (Y Qecsﬂgt): oS thbat ed

above. By considering the pixel values Cl2 and Cl1, the pixe val ue C12
cont i nsmEM on v RO Wwhd .conponent FO08/v, as expressed by equation

(63), and the pixel value Gl consists 15 of the product sum of the
foreground cespanerusk@8/ ¥bakd,t BBe motion-blur adjusting unit 106
generates the equation in accordance with the amounf of
movement v and the unit of processing, and sets the pixei
values of the foreground component image in the generated
10 equation, thereby calculating the foreground component image
in which the amount of motion blur is adjusted.

The processing for adjusting the amount of motion blur
contained in the foreground compbnent image executed by the
motion-blur adjusting unit 106 is described below with

15 reference to the flowchart of Fig. 74.

In step S801, the unit-of-processing determining
portion 801 of the motien—blur adjusting unit 106 generates
the unit of precessing based on the motion vector and the
area information, and supplies the generated unit of

20 processing to the model-forming portion 802.

In step 5802, the model-forming portion 802 of the
motion-blur adjusting unit 106 selects or generates the
model in accordance with the amount of movemenf v and the
unit of processing. In step S803, the equation generator

25 803 generates the normal equation based on the selected




foreground conmponent FO7/v. Accordingly, the foregroundsg g gg@@i FO7/ v
can be found by equation.(64). F08/v = Cl2 FO7/v = CII<C1§§! (64) 20

Simlarly, by considering the foreground conponents contained in the pixel
values CIO through CO, the foreground conponents FO06/v through FO /v can
be found by equations (65) through (70), respectively. PO06/v = C10-d1 25
FO5/v = C09-CI O (65) (66) 19 August 2005 - 157 - F04/v = C08-C09(67) FO3/v

= C07- C08+C12(68) F02/v = C06- C07+Cl1- C12(69) FO /v = C05- C06+C10-d | (70) 5

The equati on generator 903 generates Iisde -equati ons for cal culating the
foreground conponents by the difference between the pixel values, as

I ndi cated by the exanples of equations (63) through (70). The equation
generatoﬁ 8?§ supplies the generated equations to the cal cul ator 904. 10
The cal culator 904 sets the pi xel values of the foreground conponent inmage

N the equat s sypRldodd 1hQTadke 884ALLAA 9RECHILEE 993usp g8 to obtain

the foregroun
the foreground component image in the generated normal

equation.- In step S805, the adder 804 determines whether
5 the pixel values of all the pixels corresponding to the unit
of processing are set; If it is determined that the pixel
values of all the pixels corresponding to the unit of
processing are not yet set, the process returns to step 8804,
and the processing for setting the pixel values in the
10 normal equation is repeated.
If it is determined in step S805 that the pixel values
of all the pixels corresponding to the unit of processing
are set, the process proceeds to step S806. In step 5806,
the calculator 805 calculates the pixel vaiues of the
15 foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel values are
set sﬁpplied from the adder 804. The processing is then
completed.
As discussed above; the motion-blur adjusting unit 106
20 is able to adjust the amount of motion blur of the
foreground image containing motion.blur based on the motiqn
vector and the area information.
That is, it is possible to adjust the amount of motion
blur contained in the pixel values, that is; contained in

25 sampled data.




conmponents based on.the equations in which the pixel vahygﬁ ustbBoset . For
exanpl e, when equatlons (63) through (70) are 15 supplied fronlthe equatlon
generator 903, the cal culator 904 sets.the pixel values CO5 through Cl2.in
equations (63) through (70). The cal cul ator 904 cal cul ates the foreground
conponents based on the equations in which the pixel values are set. 20
For exanple, the calculator 904 cal cul ates the foreground conponents FOl/v
t hrough F08/v, as shown in Fig. 77, based on the calcul ations of equations
(63) through (70) in which the pixell5%al-ues CO5 through Cl2 are set. The
cal culator 904 supplies the foreground conmponents F Ol/v through FO8/v 25
to the adjusting portion 905. 19 August 2005 - 158 The adjusting portion

205 miltipli 9 e <LARCGLRNnCoBRARERLS SUOBLLE elaﬁomc{lgesf & lator 904

by .t he anmount o novenent v contain |on vector s |ed from

the  unigrodedd QPSP ARIL SHINNI P Fily.0B %Qla%q %ot Qdaﬁkg' @Eé the.

foreground pi xel val'ues fromwhich notion bl ur elTmnate

exanpl e, amoMitn St adtalcRgANRd ARARRAt Sn ERY \_Ln kroymhgE08/ ¥nare supplied
fromthe cal culator 904, the adjusting portion 905 nul ?lples each of the

"for egr oWityn 10 RIS ntd Wpparataed konf@@hy-cBy akhgnawpuih Pighoyegent v, 10

.e., 5, so as to obtain the foreground pixel values FOl1 through FO8 from

'Whl cﬁ mablen Hol ualicwleltienithet edxtaseshatio b Fhich78s &dhBeadidsti ng

portion 905 supplies the foreground
information, and outputs :the calculated mlxture ratlo .

| Fig. 75 is a block dlagram illustrating another example
of the configuration of the motion-blur adjustlng unit 106.
The motion vector and the positional information thereof

10 supplied from the motion‘detector 102 are supplied to a
uhit—of-processing determining portion 901 and an adjusting
‘portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit-of-processing
determining_portioﬁ 901. - The foreground component image

15 supplied from the foreground/background separator 105 is
suppiied to a calculator ;904.

The unit-of—processiﬁg determining portion 901 supplies,
together with the motion vector, the unit of p:ocessing
generated based on the motion vector and the positional

20 information thereof and the area information to a model-
forming portion.902.

" The model-forming portion 902 forms a model based on
" the mbtion-vector and the input unit df processing.
An equation generator 903 generatesuan equation based

25 on the model supplied from the model-forming portion 902.




conponent image consisting of the foreground pixel val uggaugbstWobgout
notion blur cal cul ated as descri bed above to a nption-blur adder 906 and a
sel ector 907. The notion-blur adder 906 is able to adjust the anmount of -
notion blur by using the anobunt v' by which notion blur is adjusted, which
is different fromthe anmount of nmovenent 20 v, for exanple, the amount V'
by which notion blur is adjusted, which is one half the val ue of the anount
of novenent v, or the anount v' by which notion blur is adjusted, which

is irrelevant to the anmount of novend®é v. For exanple, as shown in Fig.

71, the notion-blur adder 906 25 divides the foreground pixel value F
Wi t hout -notion blur by 19 August 2005 - 159 the amount v' by which notion

blur is adjust etbsedigtilod i@Phain glikenf OwegnovRdcoARBANEAL b/ V' . The
notion-blur adder 906 then cal culates the sum of the foreground conponents

Fi/v', thedeby geneseddrgidedipdlentalinided SneinCAnt #Q ganoygt of notion
blur is adjusted. For exanple, .when the anount v' by which notion blur is

adj ust edthusodgh 1the ¢ %l sl CQT ithes elgua® 1000 Ypheratchevpi xak val ue C3
is set to (FO1+F02)/v', the pixel value C04 is set to (FO1+FO2+F03)/v',
and t he guiueetiaral gendifdis st whenl @ heFa2mbe3+bE4 Fov'egrbadnot i on- bl ur
adder 906 supplies the foreground conponent inage in which the anpbunt of
not i 6n Istampdrentadjistéed the mebsel oft pixels. cOeespbadtioy 867thel ects
ei ther the foreground _
- unit of processing is 12, and the amount of movement v is 5.
When the foreground components contained in the
foreground component image corresponding to the shutter
time/v are F01/v through F08/v, the relationships between
10 F0l/v through F08/v and pixel values CO0l through C12 can be
expressed by equations (30} through (41}, as stated above.
By considering the pixel values C12 and Cl1l, the pixel
value Cl2 contains only the foreground component Fo8/v, as
expressed by equation (63}, and the pixel value Cll consists
15 of the product sum of the foreground component F08/v and the

foreground component F07/v. Aécordingly, the foreground

component F07/v can be found by equation (64).

F08/v = C12 (63)
F07/v = C11-C12 - (64)
20 Similarly, by considering the foreground components

contained in the pixel values Cl0 through C01, the
- foreground components F06/v through F0l/v can be found by
equations_(GS) through (70), respectively.

FO6/v Cl0-C11 : (65)

Cc09-C10 , : (66)

- 25 FO5/v




15 conponent image w thout notion blur supplied fromthegaagidi®bosg portion
905 or; the foreground conponent inmage in which the amount of notion blur
is adjusted supplied from the notion-blur adder 906 based on a sel ection
signal reflecting a user's selection, and outputs the selected 20

- foreground conponent i'nmage. As discussed above, the notion-blur adjusting
unit 106 is able to adjust the anmount of notion blur based on the

sel ection signal and the anmnount v' by which notion blur is adjusted. 25
The processing for adjusting the amowstz ef notion blur 19 August 2005 - 160
of the foreground. executed by the notion-blur adjusting unit 106 '
configured as shown in Fig. 75 is described belowwth reference to the

fl omchart of Fjg. 79 n-sep S901, the unit-of-processi determning 5
portion 901(§a#h&fhgpkoﬁﬁ%lur adjusting unit 106 geneigﬁgs the unit of

processi ng b%Qgg n _ i vector and the area inforyation, and
supplies the gengfatg %U§??+§ 2 processing to the nndeﬂ%P rmng portion 902

and the adj ygbi R -PepkLeg798%1-¢9,1 N step 5902, the l,-form ng portion
902 of the nnt/on-blur a just}ng unit 106 selects orng§% rates the nodel

‘accordi ng togghgvanoept-ebeeYgOEAY vV and the unit of pregessing. In step
5903, the equation generator 903 generates, based on the 'sel ected or

genepat ed nDdgl, ehliftidh. g8AYREEORSIDIN gERL A SS | it tdiud OISH Oty
conponents by the - _
calculating the foreground components by the difference
betwéen the pixei values, as indicated by the exampleé'of
egquations (63) throﬁgh (70). The equation generator'903‘
supplies the generated equations to the calculator 904.

1o The calculator 904 sets the pixel values of the
fdreground component image in the equations supplied from
the equation generator 903 so as to obtain the foreground
components based on the equations in which the pixel wvalues
are'set. For example, when equations (63) through (70) are

15 supplied from thé equation generator 903, the calculator 904'
sets the pixel values CO05 through Ci2 in equations (63)
through (70). .

The calculator 904 calculates ﬁhe foreground components
based on the equations in which the pikel values are sét,

20 TFor example, the calculator 904 calculafes‘the‘foreground
compbnents F0l/v through F08/v, as shown in Fig. 77, based

- on the calculations of equations (63) through (70) in which
the pixel values C05 through Cl2 are set. The calculator

- 904 supplies the foreground components FO0l/v through F08/v

25 to the adjusting portion 905.




di fference between the pixel values of the foreground i mage. In
'step S904, the calcul ator 904 sets the pixel values ofqgﬁgggg?ggéound :
conponent inmage in the generated equations, 20 and extracts the foreground
conponents by using the difference between the pixel values based on the
equations in which the pixel values are set. In step S905, the calcul ator
904 determ nes whether all the foreground conponents corresponding to the
unit of processing have been 25 extracted. If it is determned that all the
foreground 19 August 2005 - 161 cenpagents corresponding to the unit of
processi ng have not been extracted, the process returns to step S904, and
the processing for extracting the foreground conponents is repeated. 5 If

(it is determiged 4, 5.60,S305 LAA! oL nlibe, o] OLEOERUNE COTRARERT S

correspondi ng e uni procéssi ng een extrac he process

proceedscérg%orﬁ%eﬁﬁg%g%ﬁmé g, Hie daluddisl bBY BYr bh@NapfanpdbEsts each

of the for onents 1/v 't hroug suppl i'e romthe

 cal cul alyasy 40 baseRoAn e AT YN HorTBCTERLoY SapB3sLA PhLA Brihe

foreground. pixel values FO1/v through F rom not 1 on ur is
el i m natgfh ¢ J9¥ PreRe3W by o e i'nQ’ﬁ'gb.b'é'irtigH?@OQOQOCQEFHB%Gﬁaﬂ?e

foreground pixel values in which the anount of notion blur 15 i s adjusted,
and she 98 eWrIghhas pligels vahaeknegemvivhiedt mBBibANLRLEr 187 the image in
whi ch the anmount of notion blur
eliminated. For example, when the foreground components
¥F0l/v through F08/v are'éupplied from the calculator 904,
the adjusting porfion 905 multiples each of the.foreground
components F0l/v through F08/v by the amount of movement v,
10 i.e., 5, so as to obtain the foreground pixel values FO1
through F08 from which motion blur is eliminated, as shown
in Fig. 78.

The adjusting portien 905 supplies the foreground

component image consisting of the foreground pixel values
15 without_motion blur calculated as described above to a
motion-blur adder 906 and a selector 907.

The motion—blur'addér 906 is able to adjust the amount
of motion blur by using the amount v' by which motion blur
is adjusted, which is different from the amount of movement

20 v, for example, the amount v' by which motion blur is
adjusted, which is one half the wvalue of the amount of
movement v,'or the amount v' by which motioh blur is

- adjusted, which is irrelevant to the amount of movement v.

For example, as shown in Fig. 71, the motion-blur adder 906

25 divides the foreground pixel value Fi without motion blur by




is adjusted, and outputs the selected image. The proces$gﬂggwﬂ§0@@en
conpl eted. As described above, the notion-blur adjusting unft 106 .
configured as shown in Fig. 75 is able to nore speedily adj ust nDtlon bl.ur
of the foreground image containing notion blur according to sinpler
conput ati ons. A known technique for partially elimnating notion blur, such
as a Wener filter, is effective when being used in the .25 ideal state,
but is not sufficient for an actual inmge 19 August 2005 - 162 quantized
and containing noise. In contrast, - 159 -proved -that the notion-blur
adjusting unit 106 conflgured as shomn in Fig. 75 is sufficiently
effective for an actual inage quantized and containing noise. It is thus

possi bl ey i i nat o Mgl isgh BCISI n.. Fig, 80 is a block
dlagran1|$€d§?§%??h€ a qﬂ&hﬂpg@% |gur§tfgﬂg% tﬁungtl 3P t he signal

pr oce55|@gtaﬂpp@;@tf&e%ncwmrﬁtgﬁﬁrv.tp %%Sﬁo?i%?ﬁ’”biﬂ Fig. 2 are 10

designated with I1ke re and ‘an explanation Fhereof i's

thus om idede I QRPUaRATAUS MheBuln L1 1K 536L5BuRRUON | TOE  ob) ect

correspondi ng toa foreground object contained in i nput i nmage, and
suppl i escéigorxd tRqtEd; | mﬁ&mye@fen@attaﬁgl%n@%&%ﬂ%@ﬁ&%nl‘)Z The

notion detector 102 calculates a notion véctor of the rough 1 mage obj ect
Cor{gfpaﬂdnﬂg1ﬂﬁaEﬂﬁnuﬁpkﬂgmﬁﬂﬂ@nOBﬂ@%t1saﬁ@J§§@BhLeSbeeeﬁéhﬁﬂégted-”Dt'On

‘VEC when the amount v' by which motion blur is adjusted is 3,

. the pixel value C02 is set to {F01)/v', the pixel vaiue C3
is set to (FO1+F02)/v', the pixel value C04 is set to '
(FO1+F02+F03)/v', ahd the pixel wvalue C05 is-set to
10 (FO2+4F03+F04)/v'. -

The motion—biur adder 906 supplies the foreground
component image in which the amount of motion blur is
. adjusted to the selector 907.

The selector 907 selects either the foreground

15 component image without motion blur supplied from the
' adjusting portion 905 or the foreground component image in
which the amount of motion blur is adjusted supplied from
the motion-blur adder 906 based on a selection signal
reflecting a user's selection, and outputs the selected

20 foreground componeht image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.

25 The processing for adjusting the amount of motion blur




and the positional information of the notion vector to 49 AugidtPbpse-ratio
cal cul ator 104. 20 The area specifying unit 103 supplies area infornmation
to the mxture-ratio cal culator 104 and a synthesizer 1001. The :

m xture-ratio cal cul ator 104 supplies the mxture ratio cc to the

f or egr ound/ background separator 105 and the synthesizer. 1001. 25 The

f or egr ound/ background separator 105 supplies the 19 August 2005 - 163 _
foreground conponent inmage to the synthesizer 1001. The synthesizer 1001
conbi nes a certain background i mage wedoh -t he foreground conponent inage
supplied fromthe foreground/ background separator 105 based on the m xture
5 ratioa supplied fromthe m xture-ratio cal culator 104 and the area

| nfor mat hon SUPPLLedr AR A8 MR SIS A9 A 103 AN quiRYLs the

synt hesi zed 1 magée | e cert ground Tag

componenobTages 2 AL o 1 g 0L 1J liatnd Hpsogr gy o1 on o

the synthesizer groun ent genéerator generates a

backgr oupgecAERODERS 1BORIBRSRELORA iggn Mlgire ratio a and a‘certain

background i mage, and supplies the ackground component inmage to a

m xed- ar ea- i nAgetEp Woiheshel RAiRObELBPoL8221ndNGePbXRdn 2R | MRge _
synt hesi zi ng portion 1022 conbi nes the background conponent:inmage supplied

}‘ ;rgmest hepdwieksi 000 off AR I cgebaiat @b 14@25ny Uhitthe okogedeeurdsconponent
98 the unit of processing based on the motion vector and fhe
area information, and supplies the generated unit of
prbcessing to the model-forming portion 902 and theé
adjusting portion 905;
10 - - In step $902, the model-forming portion 902 of thé
motion-blur adjuéting unit 106 selects or generates the
model according to the amount of movement v and the unit of
processing. In step S903, the equation generator 903
-generates, based on the selected or generated model, the
15 ~equations for calculating the foreground components by the
difference between the pixel values of the foreground
component image. |
In step 5904, the calculator 904 sets the pixel values
of the foreground component image in the generated equations,
20 and extracts the foreground components by using the
difference between the pixel values based on the equations
in which the pixel values are set. In step 5905, the
calculator 904 determines whether all the foreground
components corresponding to the unit of procéssing have been

25 extracted. If it is determined that all the foreground




so as to generate a m xed-area synthesized i mage, and 2Qga4gRdiisedst he
generated m xture-area synthesized inmge to an inmage synthésizing portion
1023. The i nage.synthesizer 1023 conbi nes the foreground conponent i mge,

t he m xed-area synthesized i mage supplied fromthe m xed-area-inmage

synt hesi zi ng portion 1022, and the 25 certain background i nage based on the
area information so as 19 August 2005 - 164 to generate a synthesized

i mge, and outputs it. As discussed above, the synthesizer 1001 is able to
conbi ne the foreground conponent imgédwith a certain background i mage. 5
The i mage obt ai ned by conbi ning a foreground conponent inmage with a
certain-background i mage based on the m xture ratio a, which is the

feature goapbhéts ARPERSH r . bt ai.ned by
sinply comb; ning. pi xel s%‘fﬂgﬁﬁlsd;a'%dsj %eb|‘g{§k@3{€3#é&meﬁ}11£%§v%nt&’%§ti ¥
anot her bdén ceptigurad | ahfpidieddnedighOftd el H9Wa PLRLIHNY

apparatus for adjusting the anpunt of notion blur.” The 'signal processing
appar at usreteysling o e 1SRAULY itHd WorRRIHRINIE ddtodle®dsSRac fyi ng

operation and the calculation for the mxture ratio a. In contrast, the
signal prepsstsediy 15 apparatus shown in Fig. 82 sinultaneously perforns the
area- specifying operation and the cal culation for the m xture ratio a.
The Puncti ondlf ditemsntistsrmihad fin thepespost brabl atk tWeéagram of Fig. 2
are designated with |ike reference
foreground components corresponding to the unit of
prdcessing have been extracted, the process proceeds to step
5906. In step S906, the adjusting portion éos.adjusts each
. of the foreground components fOl/v through F08/v supplied
10 from the calculator 904 based on the amount of movement v so
as to obtain the foreground pixel values F0l/v through FO08/v
from which motion blur is eliminated.
In step S907, the motion-blur adder 906 calculates the
foreground pixel values in which the amount of motion blur
15 is adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur
is adjusted, and outputs the selected image. The processing
is then completed.
As described above, the motion-blur adjusting unit 106
20 configured as shown in Fig. 75 is able to more speedily
adjust motion blur of the foreground image containing motion
blur according to simpler computations.
A known techhique for partially eliminating motion blur,

such as a Wiener filter, is effective when béing used in the

25 ideal state, but is not sufficient for an actual image




20 nunerals, and an explanation thereof is thus omttedqgafQudtPPbk | Mage is
supplied to a mxture-ratio calculator 1101, a foreground/ background
separator 1102, the area specifying unit 103, and the object extracting
unit 101. The m xture-ratio cal culator 1101 cal cul ates, based on 25 the
input image, the estimated m xture ratio when it is 19 August 2005 - 165
assuned that each pixel contained in the input inage belongs to the
covered background area, and the estimated nmixture ratio when it is
assumed that each pixel contained in 12 -input inmage belongs to the
uncover ed background area, and 5 supplies the estimated m xture rati os
cal cul ated as described above to the foreground/ background separator 1102.

Fig. 83 iguanthbeakadhaebathihihglhaLLeg afn XaTRbE Ll 1he Lqpldpyralion of

the m xture-ratio cal cul ator 1. An estimated-m xture-ratio processor 401

shown i ntFiag. tho lioBfohsblhe S85@s@Bnd N oEl] IR &kl SLULP-dALR Ay OceSSOr
S

401 shown in Fig. 47. An estimated-m xture-rati o processor 4 own in

Fig. 83 iip Fhg.Saneiassthei €56h By ealf Fbod FE-FoXt idh JUQRESSHadt02 Shown in
Fig. 47. The estimated-m xture-ratio processor 401 cal culates™ 15 the

esti nat eduankized amdicottiimbed oxed. byrd s R WA &£ Yo esponding to
a nodel of the covered background area based on the notion vector and the

posi 5 on@}imbiatersnetuion Helwofwirtd Hivh ipymdidimage, and outputs the
cal cul ated estimated m xture ratio. 20 The estimated-m xture-ratio
processor 40Figal 8@ dses block diagram illustrating another
' configuration of the function of the signal processing
apparatus.

‘The elements similar to those shown in Fig. 2 are

10 designated with like reference numerals, and an explanation
thereof is thus omitted.

The object.eXtracting unit 101 extracts a rough image
object corresponding to'a foreground object contained in an
input image, and supplies the extracted image object to the

15 motion detector 102. The motion detector 102 calculates a
motion vector of the rough image object corresponding to the
foreground object, and supplies the calculated motion vector
and the positional information of the motion vector toc the
mixture-ratio calculator 104. |

20 The area specifying unit.103 supplies area information
to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture-ratio calculator 104 supplies the ﬁixture
ratio a to thé foreground/background separator 105 anﬁ the

synthesizer 1001.

25 - The foreground/background separator 105 supplies the




the estimated mxture ratio for each pixel by the conpyathQR 2005
corresponding to a nodel of the uncovered background area based on the
notion vector and the positional information thereof and the input inmage,
and 25 outputs the calculated estinmated m xture ratio. 19 August 2005 - 166
The foreground/ background separator 1102 generates the foreground '
conponent inmage fromthe input inmge based on the estimated mxture ratio
cal cul ated when it is assunmed that .the pixel belongs to the covered
background area supplied 5 fromthe @6B8ture-ratio cal cul ator 1101, the
estimated mxture ratio calculated when it is assunmed that the pixe

bel ongs-to the uncovered background area supplied from.the mxture-ratio

cal cul atﬁr%ﬂ@%rﬁﬂﬁeﬁ{@gdﬂeor ettif%n ggﬁgp@siigg froggythe area

speci fying unit 103, and supplies t rate Fbreground conponent

i mage to theTﬁBtE9ﬂt9b§&ze§th§ﬁiegmﬂﬂhés196?éﬁgﬁiﬂeb§§iéﬁﬁé§q107' Fig. 84

is a block diagramillustrating an exanple o e confi on of the

f or egr ouimH R GKIO WHE FRRVARInG %%Q.%onéﬁtTBﬁ.a%_leeEglﬁidii%'gnﬂ&ﬁ Qe t hose of

t he foreground/ background separator 105 shown™in are Indicated by

like reffommeundraiground aepexalkaralognpakbar 8af the hikeupyitted. A
sel ector 1121 selects, based on the area information 20 supplied from.the

ar eaSspewitiiyi mg supiptl 1603 frent ek hhigtuestiraRiedcHLstuaAEoFalod &@dcul ated
when it is assuned that _ :
the area information supplied from the area specifying unit
103, and outputs the synthesized image in which the certain
background image and the foreground component image are
combined.

10 Fig. 81 illustrates the configuration of the
éynthesizer 1001. A background component generator 1021
generates a background component image based on the mixture
ratio o and a certain background image, and supplies the
background component image to a mixed-area-image

15 synthesizing portion 1022.

The mixed—area?image synthesizing portion 1022 combines
the background component: image supplied from the background
Component generator 1021 with the foreground componeﬁt image
S0 as to generate a mixed-area synthesized image, and

20 supplies the generatéd'mixture-area synthesized image to an
image synthesizing pﬁrtion 1023,

‘ The image synthesizer 1023 combines the foreground
component image, the mixed-area synthesized image supplied
from the mixed-area-image synthesizing portidn 1022, and the

25 certain background image based on the area information so as




.the pixel belongs to the covered background area suppl hghyugh&t@mos he
m xture-ratio calculator 1101 or the estimated mxture ratio calcul ated

when it is assuned that the pixel 25 belongs to the uncovered background .
area supplied from the 19 August 2005 - 167 mxture-ratio cal cul ator
1101, and supplies the selected- estimated m xture ratio to the separating

- portion 601 as the mxture ratio a. The separating portion 601 extracts

the foreground 5 conponents and the background conponents fromthe pixel
val ues of the pixels belonging to theldd xed area based on the m xture
ratio a supplied fromthe selector 1121 and the area information, and
supplies the extracted foreground conponents to the synthesizer 603 and

al so supplbi genkpg+d0sf und nt o_t.he .synthesizer 605. The
separ at i ng go?t?on 6%1Q%§%ﬁ%e 6%%?g§%$%ﬁ %ﬁéﬁ?%ﬁq%F§Q3§‘the count er par't
shown in Fig.a86451 JHE SRR ZE1R0 t i.ze e.foreground conponent
i mage and'outputslﬁt. The syntﬁegi%é%y@%@e%§§$§n§ﬁggi%gsaggg ggckground

conponensompese ehé fb%éﬁ%éhﬂ&-qoﬂggh%ﬂﬁifﬁﬁiglﬂiﬁﬂﬂdﬂggf%&i nit 106-shown

in Fig. 82 can be configured simlarly to the counterpart shown in Fig. 2.

_The not i vackyusund] usdddg unit 106 adjusts the amount of notion blur

contained in the foreground conponent inmage 20 supplied fromthe _
f or egr ound/ bamegriniaiyd sepaiacar b¥1e3mbanedy ANrbb8gR6ERA! BERpORLAPN and the
notion vector, and outputs the foreground conponen? i mge in which the
anount cdfmagd iwith a certain background image based on the mixture
ratio a, whichris the feature quantity, appears more natural
compared to an image obtained by simply combining pixels.
Fig. 82 is a block diagram illustrating still ancther
10 configuration of the function of the signal processing
apparatus for adjusting the amount of motion blur. The
" signal processing apparatus shown in Fig. 2 sequentially
performs the area—specifying operation and the calculation
for the mixture ratio o. In contrast, the signal processing
15 apparatus shown in Fig. 82 simultaneously performs the area-
specifying operation and the calculatidn for the mixture
ratio a.
The functional elements similar to those in the block
diagram of Fig. 2 are designated with like reference
20 numerals, and an explanation thereof is thus omitted.
An input image is supplied to a mixture-ratio’
_calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extracting unit 101.

The mixture-ratio calculator 1101 calculates, based on

25 the input image, the estimated mixture ratio when it is




bl ur is adjusted. The sel ector 107 shown in Fig. 82 sel qglagglii®0085 -

f oreground conponent image supplied fromthe 19 August 20057- 168

f or egr ound/ background separator 1102 or the foreground conponent image in
whi ch the anpbunt of notion blur is adjusted supplied fromthe notion-blur
adjusting unit 106 based on, for exanple, a selection signal reflecting a
5 user's selection, and outputs the selected foreground conponent inage.
“As discussed above, the signal processing apparatus shown in Fig. 82 is
able to adjust the anount of notion-hldas - contained in an i mage
corresponding to a foreground object 10 of the input inage, and outputs the
resul ting foreground obj ect image. As in the first enbodinent t he signal

i abl e to cal | t t
ratio a, “ahroh Eﬁ%ﬁb%%% #hr e PhSa i Sl o B AP it ure
ratio a. té5tﬁlagco§éréﬁ %f&‘m@'&a&féé“ ' 4ol St at' jrbzias A; O”f' gurat' on

e sl gn OI’

of the function. of processi ng appara

f or egr oupdt£6MRERNL £ | 1RAE: Nirhdl Bnferd AU ﬂ%ﬁféigge?)f LR R 1&?1% signal

processi ng apparatus shown in Fig. 80 ser

ar ea- speghpitt Nfmade MELHIPNEANhd N SR HE R Q% r%runghgnlggt upg ratio a.

contrast, the signal processing - apparatus sho perforims the
ar easspesupyl s OFIRS a3s AN (i e WaAliodn cah@h1khedaTzst ure ratio a in a

paral | el manner.. ,
described above to the foreground/background separator 1102.
Fig. 83 is a block diagram illustrating an example of
the configuration of the mixture-ratio calculator 1101.
An estimated-mixtu:e—ratio processor 401 shown in figL
10 83 is the same as the estimated-mixture-ratio processor 401
shown in Fig. 47. An estimated-mixture—ratio processor 402
shown in Fig. 83 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 47.
The estimated-mixture-ratio processor 401 calculates
.15 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the motion vector and the
positional info:mation thereof and the input image, and
outputs the calculated estimated mixture ratio.
20 The estimated-mixture—rétio processor 402 calculates
. the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncovered
background area based on the motion vector and the
positional information thereof and the inputrimage, and

25 outputs the calculated estimated mixture ratio.




The functional elenments simlar to those indicated by .agﬂuggstlyoggk of Fig.
82 are indicated by |ike reference 19 August 2005 169 nunerals, and an-
expl anation thereof is thus omtted. The m xture-ratio calculator 1101
shown in Fig. 85 cal cul ates, based on the notion vector and the positional
information thereof and the input inmage, the estimated 5 m xture rati o when
it is assuned that each pixel contained in the input inmage belongs to the
'~ covered background area, and the estinmated m xture ratio when it is
assuned that each pixel contained imgdde input inmage belongs to the
uncovered background area, and supplies the estimated m xture ratios 10
cal cul ated as descri bed above to the foreground/ background separator 1102
and a synthesjizer_1201. The foreground/ background separator 1102 shown in
Fig. 85 gen ORI I Qo SepRrateagd L0Rogenkeataguthei mage -
based on (t)he estimpated m xture ratio calculated when 15 it is assuned that
“the pi xef “beFHAYRY t OTRPWMY HBRISH AU i Idme dada dpsadomn fide
- m xture- i %cul tor 1101, the estinmated m xture ratio cal cul ated when
itis aégﬁirfeg%‘g% aﬂ'u?ih‘ér‘?)i e qt&?w@%&&/%@w@m area
- supplied.f& ’E@f ] xture-ratio cal cul r 1101, and 20 the area
“information supp itgt;gdﬁ< 1% Yhe U s0§& %ﬂ IPE 3163 sYRBidEfHplies the
geneat e Praa QNG SAUMANAY JJTRGS o syphfiesiaer d2gl. The
synt hesizer 1201 combines a cer(JT ain aéc(?%gﬁllolgr%‘d PRa§s ®Che foreground
componeni R SHAR I&A Jd1¥Pdd Shen it is assumed that the pixel
‘belongs to therﬁncovered background'area supplied from the
mixture-ratio calculator 1101, and the area information
supplied from the area specifying unit 103, and supplies the
10 generated foreground component image to the motion-blur
adjusting unit 106 and the selector 107.
Fig. 84 is a block dlagram illustfating an example of
the configuration of the foreground/background separator
1102.
- 15 The elements similar to those of the
foreground/background separator 105 shown in Fig. 59 are
indicated by like reference numerals, and an explanation
thereof is thus omitted.
A selector 1121 selects, based on the area information
20 supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated

mixture ratio calculated when it is assumed that the pixel

25 belongs to the uncovered background area supplied from. the




25 foreground/ background separator 1102 based on the estpnRigst 2b85August
2005 - 170 mxture ratio calculated when it is assuned that the pixel

bel ongs to the covered background area supplied fromthe mixture-ratio
cal cul ator 1101, the estimated m xture ratio calculated when it is assuned
that the pixel belongs to the 5 uncovered background area supplied fromthe
m xture-ratio calculator 1101, and the area information supplied fromthe
~area specifying unit 103, and outputs the synthesized imge in which the.
background i mage and the foreground ggspanent inage are conbined. 10 Fig.
86 illustrates the configuration of the synthesizer 1201. The functi onal
_elenents simlar to those of the block diagramof Fig. 81 are designated
“with like, reference nunerals, and explanation thereof is thus omtted. A

sel ect or™ABHICeeF RS CHLLRIAF tiHd lar 8RG SBDddESothe1 5edggsetded from t he

“area speciééinﬁﬁinii 103, either th estimated m xture ratio cal cul at ed
when it TECHRUHEAVHAHTS Grdiq 59 S5&arEd- e POSFLPBd 8dcREr §BRd ar ea
_supplieqT{£ @1the m xture-ratio calculator 1101 or the estimated m xture
ratio calcurated Wsh 9t is assumed that the pixel 20 belongs to the

 neeower e, baakg 0,263 IBELYER B6TR Reclh HC SRR PR by O
comSeKong A Shal Wk $AcEllpH UefpEBblRe pa i ECKBIEInG component
-Vbased‘m¥éﬂﬁés of the pixels belonging to the mixed area based on
the mixture ratio a supplied from the selector 1121 and the
area information, and supplies the ektracted foreground
components to the synthesizer 603 and also suppiies the
10 foregrdund componeﬁts to the synthesizer 605.
The separating portiop 601 can be configured similarly
to the counterpart éhown in Fig. 64.
' The synthesizer 603 synthesizes the foreground
component image. and outputs it. The synthesizer 605
15 synthesizes the background component image and outputs it.
The motion-blur adjusting unit 106 shown in Fig. 82 can
be configured similarly to the counterpart shown in Fig. 2.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foregrouﬁd component image
20 supplied'frpm the foreground/background separator 1102 based
on the area information and the motion vector, and outputs
the féreground component imagé in which the amount of motion
blur is adjusted. |
The selector 107 shown in Fig. 82 selects the

25 foreground component image supplied from the




19 August 2005 . 171 mixture ratio a supplied fromthejgalgedt®pod221 and a
certain background inmage, .and supplies the background conponent i|nmage to

t he m xed-area-i mage synt hesi zi ng portion 1022. 5 The m xed- area-i nage
synt hesi zi ng portion 1022 shown in Fig. 86 conbines the background
.conmponent inmage supplied fromthe background conmponent generator 1021 with
t he foreground conponent inmage so as to generate a m xed-area synthesized
.image, and supplies the generated m xed-area 10 synthesized inage to the

i mage synthesizing portion 1023. The jiggage synthesizing portion 1023

conbi nes the foreground conponent image, the m xed-area synthesized i nage
supplied fromthe m xed-area-i mage synthesi zing portion 1022, and the

gackgrogggﬁéga eiggﬁﬁggﬁ?'tgg area infoagﬁ}ion $9 s %5_tngeperate a
ynt hesi Z&d" PSSP Yhi's Haffe b RETEPRORES zer 1201 is
oDl 10 L gy: IRd TSI SUPYR IO AR £ycer el n backyround
1L A bl BSOSO RS
T oA SO TS ook YR ¥EREIRETNETT 0T oS
.objegt s dies Hd1Redion , 18nAU8UShut02he selected foreground -
' “component image. :
As discussed above, the signal processing apparatus
shown in Fig. 82 ié.able fo adjuét the amount of motion blur
centained in an image corresponding to a foreground bbject
10 of the input image, and outputs the resulting foreground
object image. As in the first embodiment, the signal
"processing apparatus shown in Fig. 82 is able to calculate
the mixture ratio o, which is embedded information, and
.outputs the calculated mixture ratio «.
15 - Fig. 85 is a block diagram illustrating another
configuration of the fﬁnction of the signal processing
~apparatus for combining é foreground component image with a
certain background image. The signal processing apparatus
shown in Fig. 80 serially performs the area«speciinng
20 operation and fhe calculation for the mixture ratio a. In
contrast, the signal processing apparatus shown in Fig. 85
-'performs the area-specifying operation and the caléulation
for the mixfure ratio o ih a parallel ménner.
The functional elements similar to thosé indicated by

25_ the block of Fig. 82 are indicated by like reference




- 172 fromthe left to the right. However, the noving dynpgghi®aosi S not
restricted to the above-described direction. In the above description, a
real - space i mage having a -three-di nensional space and tine axis
information is 5. projected onto a tinme space having a two-di mensi onal
space and tine axis information by using a video canera. However, the
present invention is not restricted to this exanple, and can be applied to
the followi ng case. Wen a greater anmount of first information in

‘one-di nensi onal space is projected_1Q¢gnto a snaller anount of second
irnformation in a two- di mensional space, distortion generated by the _
projectiron can be corrected, significant information can be extracted, or
a nore natural_ inmage can be synthesized. The sensor is not restricted to a
OCD, and™WEF S 1 Fnth Ath &XRAANR tdons dheaieofs deh tAgsaomdltitedst at e i magi ng
device, for _exanple, a CMXS (Cbnplenentar¥ Metal Oxide  Sem conductor), a
BBD (Bucket Brfgdd&iBEgrLafioacelpulehargelOfnfRevRo ¥ cedS or a :

PO, (et g B L0 Do o) AL Giop il SERS0T (0eR 100 MRy 5ler be @ sensor
0 oo Sl KBS RUSRE RP HeL UGS, MR EhACeafupREghOLr e U
el S SRS TR e Lo SR ETRATRLFL RS ML o e,
19 Augusity 28@5 inphf3image belongs to the covered background area,
and the'estimated mixture ratio when_it ié assumed that each
pixel contained in the input image belongs to the uncovered
backgrognd‘area, and supplies the estiméted mixture ratios
10 calculated as described above to the foreground/background

~ separator 1102 and a synthesizer 1201.

The foreground/background separator 1102 shown in Fig.

85 generates the foreground component image from the input

image based on the estimated mixture ratio calculated when

-15 it is assumed that the pixel belongs to the covered
background area supplied from the mixtﬁre—ratio calculatbr
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered backgféund
area supplied from the mixture-ratio calculétor 1101, and

20 -the area informatibn supplied from the area specifying unit
103, and supplies the generated-foreground component image
to the synthesizer 1201.

The synthesizer 1201 combines a certain background
image with the foreground domponent image sﬁbplied from the

25 foreground/background separator 1102 based on the estimated




a user separately fromthe conputer, as shown in Fig..lﬁgAﬁg&gzg§5the
.magnetic disk 51 (including a flexible disk), the optical disc 52 (CD ROM

(Compact Di sk-Read Only Menory) and a DVD (Digital Versatile Disk)), the
magnet o-optical 5 disk (including MD (M ni-Disk) (trade nane)), or the

sem conductor nenory 54. The recording nmediummay al so be fornmed of the
ROM 22 or a.hard disk co ntained in the storage wunit 28 in which the
‘programis recorded, such recording medium being provided to the user

whi | e bei-ng prestored in 10 the comumoer- The program for performng the

I - mage processing may be supplied to the conputer via a cable or wirel ess
transm ssion channel. The steps form ng the programrecorded in a recording

15 nedi : u | qai.cally. accordi 0 .th or.ders

doscri bl B RCrENEG L SR TLONP JE A Y M DS Hatl i Mo BUSEE° execut ed
in a timgs | r Xec ren or :
:ndivihgg??§ﬁé§3t n ust??§§H¥§%B%¥€§§¥T$§§Eicgbgﬁﬁﬁﬁsggpgﬁgﬁ?%%ét I nventi on,
the m xt 1 j ndi.cat.i Xt - f i obj ect s
can be ﬁ%f%%%d&%c%gér%iﬂ%l%ﬁtgto&??‘elrﬂslécoﬁl%%tr?\%'ﬁ}a%g r‘i,la mtqh(gh%lex%ég: gt)r at JI o 25

i ndi cat i B dlEa B twiféh SiALEs WfsRulaidlait! ¥nef [99kqChe 1648510 YRYSt 2005
17 4 - be detected. 19 August 2005
.5 uncovered background area supplied from the mixture-ratio '

calculator 1101, and the area information supplied from the
‘area specifying unit 103, and outputs the synthesized image
"in which the background image and the foreground component
image are combined.

0 Fig. 86 illustrates the configﬁration of the
synthesizer 1201. The functional elements similar to those
of the block diagram of Fig. 81 are designated with like |
reference numerals, and explanation thereof is thus omitted.

A selector 1221 selects, based on the area information
15 supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
ﬁixture ratio calculated when it is assumed that the pixel

20 belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and sﬁpplies the selected

-estimated mixture ratio to the background component
generator 1021 as the mixture ratio «. |
The background component-generator 1021'shown in Fig.

-~ 25 86 generates a background’ component image based on the




- 175 CLAIM5 1. An inmge processing apparatus for perfggRgyggstizgpge- -
processing on image data which is fornmed of a predeterm ned nunber of

pi xel data obtained by an imaging device including 5 a predetermn ned nunber
of pixels and. having a tinme integrating function, and for calculating a
m xture ratio indicating a mxture state of the pixel data of a plurality
of objects in the real world, said inage processing apparatus conprising:
10 pi xel -data extraction nmeans for extracting, based on a notion of a

f oreground object, which serves as .aijqreground of the plurality of
objects, a plurality of m xed pixel data which are the pixel data of a
predet er m ned nunber of consecutive frames in which the plurality of

obj ects ar 15 m and SO &gy extracting, based on a notion of a

backgrouﬂﬁxBﬁf%c¥aéﬁﬁl%rﬁﬁﬂﬁ kst tatd apdufal ity of

bj ect | . dat a whi is the | .d f d of th
galcﬁgr zun%?o ] ecun%]ﬁg%“z’/(ﬁ%l‘f %‘Eﬁ T é"él 'g]ol ; ‘e Iﬁ’% %’@% al”)‘?g‘l'r“ggatg t hg
back dat ted f. t . f th
Franss  Pemboiey: Sl e P s e 2o gibden evatBrg Letad Boreioh™ ' "¢

predet erygped. nunber of consecutive franes; relational-expression _
generating neans for generating relatlonal expressions for the mixed pixel

dat dth i d 19
Aﬁgggf‘nz 0056_1%%73&%@ ~avad - Rhygh Q%ehggigfﬁgoggwgoﬁ o 4he BL&det gy ne

-¥Fig. 86 combines the background component 1mage supplied
from the background component generator 1021 with the
- foreground component image so as to generate a mixed-area
synthesized image, -and supplies fhe generated mixed-area
10 synthesized image to the image synthesizing portion 1023.

‘The image synthesizing portion 1023 combines the
foreground component image, the mixed-area synthesized image
éupplied from the mixediarea—image synthesizing portion 1022,
and the background image based on the area information so as

15 to génerate a synthesized image and outputs it.

In this manner, the synthesizer 1201 is ablé to combine
fhe foreground componentiimage with a certain backgrgund
image.

‘The invention has been discussed above by setting the
'.20 ‘mixture ratio a to the rétio of the background components
confained in the pixel‘vaiues. However, the mixture ratio a
may be set to thé ratio of the foreground components
contained in the pixel values.
The invention has beeﬁ discussed above 5y setting the

25 'moving direction of the foreground object to the direction




- number -of consecutive franes based on the extracted nixedaugusteoogata and
t he extracted background: pi xel data; and m xture-ratio detection neans for
- detecting a single mixture ratio corresponding to the predeterm ned nunber
of -5 consecutive franes based on the relational expressions. 2. An inage
processi ng apparatus according to claim1l, wherein said pixel-data
extraction nmeans extracts the m xed pixel data in accordance with the
amount of the nmotion of the foreground object in the franes. 10 3. An
image processing apparatus according {0 claim1l, wherein said pixel-data
extracti-on neans extracts the background pixel data in accordance with the
amount of the nmotion of the background object in the franes. 4. An inmage
processin apg&ratus according to claim1, 15 wherein said

X

rel ati onhFoBxpResseth HRidati i heatiovejater dihes mavd na|ditmestidion
.expressions for the m xed-pixel data and the background pixel data for
cal cul at Fig"?he e Rt5ehed r i PReRdRIF P9k T esdd@res. 5. An' -inage
et ot 1 on” meddio TS HHErE. LPRGERS (oot Pofied.-SPAreasiagRanBY LEHeal or egr ound
b D S PR ol T
oY b dop i TR R R W0 S MRS ReR o,
:and‘a fFHﬁﬁ”f&MEjaxis information by using a video camera. However, |
| the present invention is not restricted to this example, and
‘can be applied to the following case. When a greater amount
" of first information in one-dimensional space is projected
10 onto a smalier amount of second information in a two- |
_ dimensional space, distortion generated by the projection
can be cofrécted, significant information can be extracted,
or a more nétural imagezdan be synthesized.
The sensor is not restricted to a CCD, and may be
15 another type of sensor, such as a solid-state imaging devide,
for example, a CMOS (Complementary Metal Oxide
Semiconductor), a BBD (Bucket Brigade Device), a CiD (Chérge
Injection Device}, or a CPD (Charge Priming Device). Also,
the sensor does not have to be a sensor in which detection
+ 20 devices are arranged in a matrix, and may be a sensor in
which detection devices are arranged in one line.
A recording medium in which a program for performing
the image processing of the pfesent invention is recorded

may be formed of a removable medium in which the program is

25 recorded, which is distributed for providing the program to




area consisting of foreground pixel .data, which is t he 1pinxglist 2088 2
corresponding to -the foreground object. 7. An inmage processing apparatus
according to claim1, 5 further conprising separation nmeans for separating
at least the foreground object fromthe m xed pixel data based on the
m xture ratio. 8. An inage processing apparatus-according to claim?7,
furtheér conprising notion-blur adjusting neans for adjusting 10 the anount
of notion blur of the separated foreground object. 9. An image processing
apparatus according to claim?7, furtigy conprising synthesizing means for
conbining the separated foreground olbj ect with-a desired object based on
the m xture ratio. 15 10. An image processing nethod for performng image-
processing on-image data which is fornmed of a predeterm ned nunber of
pi xel dafa"BBF F AN FFRIYi Hie e emclarishpwra gy ddat-edni ned nunber
of pixels and having a tine int eg_{fti_ng function, and. for .calculating a
mi xt ure PRERP20HHAIRERGHE AhktUr igtakudiarg ehLmnidiledgiskif, a
,pIuraIitﬁ of objects.in the real world, said imge processing nethod
conpri si gt %pib’réfb]r -%’a’i% t Y Ph (Gaapasit DdskaRaady Ordys¥gmeAYd noti on
~of a for ou bj.ect., a\giffﬂ h serves as foreground. 25 of the plurality
of obj ec%s, ) [gr REav ‘fﬁ%ﬁ?&lﬂi%(&lsét)a theg magnede-98d3calizs  which
are the pixel qﬁ; f %QﬁP rm.n nmber of nsecutjve frames in
i ch TR R off SRR TEREe Qanc0°5E the® 1
' semiconductor memory 54. The recording medium may alsc be |
fFormed of the ROM 22 or a hard disk contained in the storage
‘_unit 28 in which the program is recorded, such recording
medium being provided to the user while being prestored in
10 the computer.
The program for performing the image'processing may be
supplied to the computer via a cable or wireless
transmission channel. ‘
The steps forming the program recorded in a recording
15 medium may be executed chronologically according to the
- orders described in the specification. However, they do not
‘have to be executed in a time-series manner, and they may be

executed concurrently or individually.

‘20 Industrial Applicabilitj
According to the first invention, the mixture ratio
indicating the mixture state of a plurality of objects can
| be detected.
According to the second invention, the mixture ratio

25 indicating the mixture state of a plurality of objects can




m xed, and al so of extracting, based on a notion of a  hgaakgnqwpdsobj ect,
whi ch serves as a background of the 5 plurality of objects, background

pi xel data which is the pixel data fornmed of the background object and .
whi ch corresponds to the m xed pixel data, the background pixel data being
extracted froma frane different fromthe frames in which the m xed pixe
data is present anong the 10 predeterm ned nunber of consecutive franes;
a'rel ational -expressi on generating step of generating relational
expressi-ons for the m xed pixel dat.a gy the background pixel data
corresponding to the predeterm ned nunber of consecutive franmes based on
the extracted m xed 15 pi xel data and the extracted background pixel data;
and a n%xtaég-égt%o detection step of detecting a single mxture ratio
_corresponaing To the predet er mi ned nunber of consecutive frames based on
‘the relational expressions. 11. An inmage processing nmethod according to
claim 10, 20 wherein, in said pixel-data extraction step, the m xed pi xel
data is extracted in accordance with the amount of - the notion of the
foreground object in the franmes.' 12. An inage processing method according
to claim 10, wherein, in said pixel-data extraction step, the background
.25 pixel data is extracted in accordance with the amount of the 119 August
2005 - 17 9 notion of the background object in the frames. 13. An inmage
processi ng net hod according to claim 10, wherein, in said, -

rel ati onal - expressi on generating step, the




rel ational expressions for the m xed pixel data and the1§Ag?@§g@Qynd pi xe
data for calculating the mxture ratio by a mnethod of |east squares are
generated. 14. An inmage processing nethod according to claim 10, further
conprising a notion detection step of detecting the notion of at |east one
of the foreground object and the 10 background object. 15. An inage
processi ng nethod according to claim 10, further conprising an area
specifying step of specifying a mxed area consisting of the m xed pixel
data, a background area consisting. gfy4 he background pixels, and a
foreground 15 area consisting of foreground pixel data, which is the pixel
data corresponding to the foreground object. 16. An inage processing nethod
according to claim 10, further conprising a separation step of separating
at least the foreground object front®HéSnixed pixel data based on the 20
m xture i?ti . 17. An inmage processing nethod according to claim 16, :

further conpri s a HRTOE 9L PRRPFE Y SH U S8rdrmdings tM7get he anount of
ot hod aRbSe ST EHY S Sl Ot SR diiack erbg 2 PERHAEErARAg st ep of
' desired SEE TR L nrithe B 5H 3haoRnRlaB Ay R EPEn whi oh
a_copputersreadahlhf W ABer B %I andPhdALGILAT RE! ng- used for
‘perform ng i mage
integrating function, and for calculating a mixture ratio
indicating a'mixturé state of the pixel data of a plurality
of objects in the real world, said image processing.
apparatus comprising:
10 pixel-data extraction means fof extracting, based-on a
motion of a foreground object, which serves as a foreground
of the plurality of objects, a plurality of mixed pixel data
" which are the pixel data' of a predetermined number of
consecutive frames in which the plurality of-objects are
'15 mixed, and also for extracting, based on a motion of a
background object, which serves as a background of the
plurality of objects, background pixel data which is the:
pixel data formed of the background object and which
corresponds to the mixed pixel data, the background pixel
20 data being extracted from a frame different from the frames
in which the mixed pixel'data is present among the
predetermined number of consedutive ffames:
relational-expression generating means for generating
relational expressions for the mixed pixel déta and the

25 Dbackground pixel data corresponding to the predetermined




consecutive franes in which the plura

5 processing on image data which is forned of a predetquhuggﬂgoqyber of

pi xel data obtained by an i nmaging device including a-predeterm ned nunber. -
of pixels and having a time integrating function, and for calculating a_

m Xxture ratio indicating a mxture state of the pixel data of a plurality
10 of objects in the real world, said program conprising: a pixel-data

-extraction step of extracting, based on a notion of a foreground object,
~which serves as a foreground of the plurality of objects, a plurality of

m xed pi xel data which are the plxehyﬁ@ta of a predeterm ned nunber of 15
ity of objects are mxed, and al so

of extracting, based on a notion of a background object, mhlch"serves as
a background of the plurality of objects, background pixel data which is

the pi xBIMBEF 20F (FPRIPEHL IR HEAIRF RAred e dhark taadiemigedr esponds t o

the m xed, g i % dat a, .t he background pi xel data being extracted froma
frame diPHES a??cﬁﬂ?fﬁp?r%ﬁﬁ%?cﬁ?@v&ﬁQﬁgWQRPQnB&§?HMQG¥a &g i s present

anong the predeterm ned n qQf consecutive framnes

rel ati onal - eXpresdi®oradéie eﬁ&%?ﬁeﬂeépsggﬁérQPFﬁ&tlﬁg ar gfagienal
expre55| t m xed |er dat t he u ust 2005 - 181
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backgr oun
data_and t he

d d
it St et R e %&5526 %ﬁ‘fqr % Fefmaneal 5Biet2ePran st op of

~detecting a5 NGlfye %fyc?étslérﬁlgr %tp'p%r%cyu e%%%%?"dlggt 2ot NS akh eg?t erm ned

nunber of
wherein said pixel—data extraction means extracts the mixed

pixel data in accordance with the ﬁmount of the motion of
the foreground object in the frames.

10 3. An image processing apparatus according to claim 1,
wherein said pixel-data extraction means extracts the
background pixel data in accordance with the amount of the
motion of the background object in the frames.

4. An image processing apparatus according to claim 1,

15 wherein said relational-expression generating means
generates the relational expressions for the mixed pixel
data and the background %ixel data for calculating the
mixture ratio by a method of least squares.

5. An image processing apparatus accordiﬁg to claim 1,

20 further comprising motion detection means for detecting the
motion of at least one of the foreground object and the
background object.

6. An image processing apparatus accérding to claim 1,
further comprising area specifying means for specifying a

25 mixed area consisting of the mixed pixel data, a background




consecutive frames based on the relational expressions. 19Adgué20850r di ng
medi um according to claim 19, wherein, in. said pixel-data extraction step,
the m xed pixel data is extracted in accordance with the anmpbunt of the
notion of the 10 f-oreground object in the frames. 21. A recording nedi um
according to claim19, wherein, in said pixel-data extraction step, the .
background pixel data .is extracted in accordance wth the anount of the

~motion of the background object in the franmes. 15 22. A recording nmedi um

according to claim 19, wherein, in_sgjf relational-expression generating
step, the relational =~ expressions for the m xed pixel data and the

background pixel data for calculating the mxture ratio by a nethod of
medi um according to claim

| east squares are. Eneraafd. 20 23. A recordin
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detecting égecgg%iog.of a# %east one_of the foreground object and the
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said 25 g i conmpri,ses.an area specjfying step of 19 August
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oreground area
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Sepafai'ﬁﬁhfﬁoregroundlobject from the mixed pixel data based on the
mixturé ratio. |
8. An imagé processing apparatus according to claim 7,
further comprising motion-blur adjusting means for adjusting

10 the amount of motion_blur of thé~separated foreground cbject.
9. An image processing apparatus acceording to claim 7,
further comprising synthesizing means for combining the
separated foreground object with a desired'object based on
the mixture ratio.

15 10. An image processing method for performing image-
processing on image data which is formed of a predetermined
number of pixel data obtained by an imaging device including
a predetermined number of pixels and having a time
integrating function, and for calculating a mixture ratio

20- indicating a mixture state of the pixel data of a plurality
of objects in the real world, said image processing method
comprising: |

a pixel-data extraction step of extracting, based on a
motion of a foreground object, which serves as a foreground .

25 of‘the plurality of objects, a plurality of mixed pixel data




I east the foreground object fromthe m xed pixel data bagagdquiPobfe m xture
ratio. 26. A recording nmedium according to claim25, wherein said 10
program further conprises a notion-blur adjusting step of adjusting the
amount of notion blur of the sepatated foreground object. 27. A recording
medi umaccording to claim 25, wherein said programfurther conprises a

synt hesi zi ng step of conbining 15 the separated foreground object with a
desired object based on the mxture ratio. 28.- A programfor allow ng a
computer, said conputer performng ijRgge processing on image data which is
formed of a predeterm ned nunber. of pixel data obtained by an inmaging 20 -
devi ce including a predeterm ned nunber of pixels and having a tine
integrating function, and calculating a mxture ratio ‘indicating a mxture
state of "iHeh ke theuRixsl fdafiaof ia predetesmdoed nymbes odal world, to
execute: a pixel-data extraction step of extracting, based on a 25 notion
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pl urali t; jects ar 1 xed, and al so of extracting, based on a notion
of a5 d%%%%?%ﬁ%ﬁféﬁfg%&f &%Féﬁl§§?vg§ 38 3 BQE QFBHHG 8f the plurality of
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" pixel data formed of the background object and which

corresponds_to-the mixed pixel data, the background pixel
data being extracted from a frame different from the frames
in which the mixed pixel data is present among the

10 .predetermined number of consecutive frames;

a relational-expression generating step of generating
relational expressions for the mixed pixel data and the-
baékground pixel data coiresponding'tb the predetermined
number of consecutive frames based on the extracted mixed

15 pixel data and the extracted background pixel data; and

a mixture-ratio detection step of detecting a single
mixture fatip corresponding to the predetermined number of
consecutive frames based on the relational expressions.

11. An image prbcessing method according to claim 10,

20, wherein, in said pixel-data extraction step, the mixed pixel
data is extracted in accordance with the amount of the
motion_of the. foreground object in the frames.'

12. An image processing method according to claim 10,
wherein, in said pixel-data extraction step, the background

25 pixel data is extracted in accordance with the amount of the




~corresponds. to the mxed pixel data, the background pixeday aplpei ng
extracted froma frane different fromthe frames 10 in which the m xed

pi xel data is present anong the predeternined number of consecutive
franes; a rel ational -expression generating step of generating relational
expressions for the m xed: pi xel data and the background pi xel data
corresponding to the predeterm ned 15 nunber of consecutive franmes based on
the extracted m xed pixel data and the extracted background pi xel data,;
and a mxture-.ratio detection step6fq detecting a single mxture ratio
corresponding to the predeterm ned nunber of consecutive franmes based on
“the relational expressions. 20 29. A program according to claim 28,
~wherein, in said pixel-data extraction step, the m xed pixel data is

extracte@tho%c%%rEEﬁuR?%ﬁQWPQ?ﬂ;Qhﬂﬁﬁﬁ ig¥ thee frEsmesn of the foreground

0obj ect f the frames. 30. A‘pr%?ranlaccorm|1 to claim28, wherein, in said
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method of 1east squares ‘are generated.
"14. An image processing method according to claim 10,
further comprising a motion detection step of detecting fhe
motion of at 1east one of the.foreground object and the
10 background object.
15. An image processing method according to claim 10,
further comprising an area specifying step of specifyihg a
mixed area consisting of the mixed pixel data, a background
area consisting of the background pixels, and a f;reground
15 area consisting of foreground pixel data, which is the pixel
data corresponding to the foreground object.
i6. An image processingimethod according to claim 10,
further comprising a separation‘step of separating at least
the foreground object from the mixed pixel data based on the
.20 mixture ratio. | |
17. An image processing method'aCCording to claim 16,
further comprising a motion-blur adjusting step of adjusting
the amount of motion blur of the separated foreground object.

18. An image processing method according to claim 16,

~ 25 further comprising a synthesizing step of combining the
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notion detection step of detecting the notion of at | eagy Auddstongs of the
foreground object and the background object. 33. A program according to
claim 28, further conprising an area specifying step of specifying a m xed
area consisting of the m xed pixel data, a background area consi sting of
the background pixels, and a foreground area consisting of 15 foreground
pi xel data, which is the pixel data corresponding to the foreground
object. 34. A program according to claim28, further conprising a
separation step of separating at |eagtgg he foreground object fromthe
m xed pi xel data based on the m xture ratio. 20 35. A program according to
claim 34, further conprising a notion-blur adjusting step of adjusting the
anount of notion | ur of t(}ﬂe separated foreground object. :36. A program
SRR RO T S essichehndty besed 8P conbi ni ng

the sep ed. foreground 25 object wth a desired object based on the
m xturea}élg%irgl.xﬁlbn%@%tﬁo'ZOOS - 185 37. An imaging apparatus *conpri sing:

i magi ng ans, f 4 1 ng ubj.ect .i mage as .i mage data which is forned
of a pr eg%t ersArrilsr)léeccf’ nur ﬁﬁﬁeoq?h%' >%Leq W%‘ cp a ?:r?glpéﬁlﬂrégieaidﬁg’gg BEPHG3Bbt ai ned
by perf 1 Ilrgaegf [Nl j i devi ce having.a _predeterm ned
nunber Oioéfnfp;é%(de S, ’egscaﬁiq??\%d% }tﬁle%glg: %%éf %toirné’ “ %ﬁ’gf“ilgﬁ; lmSB?el -data
extrgcti i-na, d ;Qn i f obj ect,
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cont ai nefhniver B pixel data obtained by an imaging device including

a predetermined number of pixels and having a time

integrating function, and for calculating a mixture ratio

indicating a.mixture state of the pixel data of a plurality
10 of objedts in the real world, said program comprising:

a pixel-data extraction step of extracting, based on a
motion of a foreground 6bject, which serves as a foregroﬁnd
of the plurality of objects, a plurality of mixed pixel data
which are the pixel data of a predetermined number of

15 consecutive frames in which the plurality of objects are
mixed, and also of extracting, based on a motion of a
background object, which' serves as a background of the
plurality of objects, background pixel data which is the
pixel data formed of the background obiject and which

20 corresponds to the mixed pixel data, the background pixel
data being extracted ffom a frame different from the frames
in which the mixed pixel data is present among the
predetermined number of consecutive frames;

a relational-expression generating step of generating

25 relational expressions for the mixed pixel data and the




10 image data, a plurality of m xed pixel data which arggphhgudtbugs data of
a predeterm ned nunber of consecutive franes in which the plurality of
obj ects are mixed, and also for extracting, based on a notion of a
background object, which serves as a back ground of the plurality of
obj ects, 15 -background pi xel data which is the pixel data fornmed of the
background object and which corresponds to the m xed pi xel data, the
background pi xel data being extracted froma frane different fromthe
frames in which the m xed pixel datajlgg -present anong the predeterm ned
nunber of consecutive 20 franes;. relational -expression generating neans
for generating relational expressions for the m xed pixel data and the

consecut PoRRF SR et Y P sabaRdt b d 0 DEFRGT oA ACHnd the
ot ect | GRRRESR GRS U bR e SN3E5PAOBBRt ng 10 t he
o et SRR AP USRI Y LR BR8] BBl or
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e, P, MR Q ANGRRRL S 0T 00 e AL Ry WOBGELTne ¢
accor dangm sddut iee raRIRt balseiNBn™hkOre9htional expressions.
. 20. A recording medium according to claim 19, wherein, in
said piiel—data extraction step, the mixed pixel data is
- eXtracted in accordance ‘with the amount of the motion of the
10 foreground object in the frames.
S 21. A récording medium according to claim 19, wherein, in
said pixel-data extraction step. the background pixel data
is extracted in accordance with the amount of the motion of
the background object in the frames.
15 22. A recording medium according to claim 19, wherein. in
said relational-expression generating step, the relational
expressions for the mixed pixel data and the background
pixel data for calculating the mixture ratio by a method of
least squares are generated.
20 23. A recording medium according to claim 19, wherein said
program further comprises a motion detection step of
‘detecting the motion of at least one of the foreg#ound
object and the background object.

24. A recording medium according to claim 19, wherein said

25 program further éomprises an area specifying step of




the background object in the frames. 40. An inmagi ng appasaLysst2669rding to
claim 37, wherein said relational-expression generating neans generates
the relational expressions for the m xed pixel data and the 15 background
pi xel data for calculating the mxture ratio by a nethod of | east squares.
41. An inmagi ng apparatus according to claim37, further conprising notion
detection neans for detecting the notion of at |east one of the foreground
obj ect and the background 20 object. 42. An imagi ng apparatus according to
claim37, further conprising area spgg fying neans for specifying a m xed
area consisting of the m xed pixel data, a background area consisting of

the background pixels, and a foreground area 25 consisting of foreground

pi xel dat a, m%ich is the pixel data 19 August 2005 - 187 corresponding to
the foregPothtYIBPeR M43 AR R TS Bdphralt dhendtisrad mired dagiam 37,

further Cﬁgg%ising separation nmeans for separating at |east the foreground
obj ect ffo Rt %oa]g‘?%‘(eqc"?ﬁ’t%tﬁh%étf drha hackanquad, pdxeds.oandsa An

i magi n s.according to claim43, further conpr. ising notion-blur
adi gﬁggﬁégégn?o?r%ﬁu %ﬁf%qgeg%nﬁ;ﬁﬂgﬁﬂuqﬂnﬂﬁﬁ?lbﬂ@ﬁaofWpﬁéhseparated

adj ust!
| 0T outd PhLSELror e o PR L SRR IR 43, T e
obj egt wih %%Jﬂn@jﬁ%itﬂ?%%o%ﬂl@e €8 Y5 19, wherein said
program further comprisés a separation.step of separating at
least the foreground object from the mixed pixel data based
on the.mixture ratio. .
26. A recording medium:accordiﬁg to claim 25, wherein said
10 prqgram.further comprises a motion-blur adjusting step of
adjusting the amount of motion blur of the separated
foreground object.
27. A recording medium éccording to claim 25, wherein said
program further comprises a synthesizing step of combining
15 . the separated foreground object with a desired object based
~on the mixture ratio.
28.- A program for allowing a computer, said computer
.performing image processing on image data which is formed of
a predetermined number of pixel data obtained by an imaging
20 device including a predetermined number of pixels and having
a time integrating function, and calculating a mixture ratio
- indiecating a mixture state of the pixel data of a plurality
of objects in the real world; to execute:
a pixel-data extraction step of extracting, based on a

25 motion of a foreground object, which serves as a foreground




ratio. 19 August 2005 - 188 ABSTRACT The present ‘i nvend aggudt2bes es to an

| mage processing apparatus in which a mxture ratio indicating the mxture
state of a plurality of objects can be.detected. A normal- equation adder
441 extracts m xed pi xel data, and also extracts background pi xel data
corresponding to the nmixed pixel data so as to generate rel ational
-expressions-for the mxed pixel. data and the background pi xel data. A
normal - equation cal cul ator 442 detects a single mxture ratio in
accordance with a predeterm ned. nunmbgy, of consecutive frames based on the
rel ati onal expressions. The present invention is applicable to an inage

" processing apparatus in which a difference between a signal detected by a

sensor and the real world is taken into consideration.

of the plurality of objects, a plurality of mixed pixel data

" which are the pixel data of a predetermined number of
consecutive frames in which the plurality of objects are
mixed, and also of extracting, based on a motion of a

5 background object, which serves as a background of the

plurality of objects, background pixel data which is the
pixel data formed of the background object and which
corresponds to the mixed pixel data, the background pixei
daté being extracted from a frame different from the frames

10 in Which the mixed pixel data is present among the
predetermined number of consecutive frames;

a relational-expression generating step of generating
‘relational expressions'for the mixed pixel data and the
background pixel data corresponding to the predetermined

15 number of consecutive frames based on the extracted mixed
pixel data anﬁ the extracted backgrouﬁd pixel data; and

a mixture-ratio detection step of detecting a single
mixture ratio corresponding to the predetermined number of
consecutive frames based on the relational ekpressions.

20 2%9. A program'according to claim 28, wherein, in said
pixel-data extraction step, the mixed‘pixel data is
extracted in accordance with the amount of the motion of the
foreground b?ject in the frames.

30. A progrém'according to claim 28, wherein, in said

25 pixel-data extraction step, the background pixel data is
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extracted in accordance with the amount of the motionlof the
background object in the frames.

31. A program according to claim 28, wherein, in said
relational-expression generating step, the relationals.
expressions for the mixed pixel data and the background

pixel data for calculating the mixture ratio by a method of

- least squares are generated.

32. A program according to claim 28, further comprising'a
motion detestion step of detecting the motion of at least
one of the foreground object and the background object.

33. A program according to claim 28, further comprising an
area specifying step of specifying a mixed area consisting
of the mixed pixel data, a background area consisting of the
background pixels, and a foreground area consisting of
foreground pixel data, which is the pixel data corresponding
to the foreground object.

34. A program according to claim 28, further comprising a
separation step of separating at least the foreground object
from the mixed pixel data based on the mixture ratio.

35.. A program according to claim 34, further comprising a

- motion-blur adjusting step of adjusting the amount of motion

blur of the separated foreground object.‘
36. A program according to claim 34, further comprising a
synthesizing step of combining the separated foreground

object with a desired object based on the mixture ratio.
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37. An imaging apparatus‘comprising:

imagihg means for outputting a subject image as image
data which is formed of a predetermined number of pixel data,
the subject image being obtained by performing image
capturing by an imaging dévice having a predetermined number
of pixels, each having a time integrating function:

pixel—data extraction means for extracting, based on a
motion of a foreground_object, which serves as a foregrodnd
of d plurality of objects in the real world contained in the
image data, a plurality 6f mixed pixel data which are the
pixel data of a predetermined number of coﬁsecutive frames'
in which the plurality of objects are mixed, and also for
extracting, based on a motion of a background object, whiéh

serves as a background of the plurality of objects,

‘background pixel data which is the pixel data formed of the

. background object and which corresponds to the mixed pixel

data, the background pixél data being extracted from a frame
different from fhe frames in which the mixed pixel data 1is
present among the'predetermined number of consecutive
frames;

relational-expression generating means for genérating
relationél expressions for the mixed pixel data and the
background pixel data corresponding to the predetermined
number of consecutive frames based on the extracted mixed

pixel data and the extracted background pixel data; and




10

i5

20

25

19 August 2005

- 186 -

mixture-ratic detection means for detecting a single
mixture ratio corresponding to the predetermined number of
consecutive frames based on the relational expressions.
38. An imaging apparatus according to claim 37, wherein
said pixel-data exfraction means extracts the mixed pixel
data in accordance with the amount of the motion of the
foreground object in the frames.
39. An imaging apparatus according to claim 37, wherein
said pixel-data extraction means extracts the background
pixel data in accordance with the amcunt of the motion of
the backgroﬁnd object in the f;ames. |
40. An imaging apparatus according to claim 37, wherein
said relational-expression generating means generates the
relational expressions for the mixed pixel data and the
background pixel data for calculating the mixture ratic by a
method of least squares.
41. An imaging apparatué according to claim 37, further
comprising motion detection means for detecting the motion
of at least one of the foreground object and the background.
object.
42. An imaging apparatus according to claim 37, further
comprising area specifying means for specifying a mixed area
consisting of the mixed pixel data, a background area
consisting pf the backgrouhd pixels, and a foreground area

consisting of foreground pixel data, which is the pixel data
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corresponding to the foreground object.

43. An imaging apparatus according to claiﬁ 37, fufther
comprising separatibn means for separating at least the
foreground object from the mixed pixel data based on the
ﬁixture ratio.

44. An imaging apparatus according to claim 43, further
--comprising-motion—blur adjusting means for adjusting the
amount of motion blur of the separated foreground object.
45. An imaging apparatus according to claim 43, Further
comprising synthesizing means for combining the separated

foregroﬁnd object with a desired object based on the mixture

ratio.
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ABSTRACT

The present invention relates to an image processing
apparatus in which a mixture ratio indicating the mixture
state of a plurality of objegts can be detected. A normal-
equation_adder 441 extracts mixed pixel data, and also
extracts background pixel data correéponding to the mixed
pixel data so as to generate relational expressions for the
mixed pixel data and the background pixel data. A normai-
equation calculator 442 detects a single mixture ratio in
accordance with é predetermined_number of consecutive frames
based on the relational expressions. The present invention
is applicable to an image processing,apparatus in which a
difference between a signal‘detected by a sensor and the

real world is taken into consideration.




