DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND | MAGE- CAPTURI NG
APPARATUS 5 Techni cal Field The present invention relﬂgﬁax%ax§§a¥p ,
processi ng apparatuses and net hods, and inage-capturing, apparatuses, and
nore particularly, to-an i mage processing apparatus and nethod, and an
i mage- capturing apparatus in which a 10 difference between a signal
detected by a sensor and the real world is taken into consideration.
Background Art A technique for detecting incidents occurring in the 15
real world by a sensor and for processing sanpled data output fromthe
‘image sensor is widely used. For exanple., notion blur occurs in an inmge
obt ai ned by capturing an object noving in front of a predeterm ned
- stationary background with a video canera if the noving 20 speed is
relatively high. However, when apEsbRreetios noving in front of a
stationary background, not'only does notion blur caused by the m xture of
t he novimgGabproCEBSSRGT ADPARATUBURANAl RATHNE, ANRt IMAGEfCRREUBAB&Qr ound
i mge and the object inmage occurs. 25 Hitherto, it has 'not been
consi deredArRroUdet ect the m xture. DESCRI PTION | MAGE PROCESSI NG APPARATUS
AND METHOD, AND | MAGE- CAPTURI NG APPARATUS 5 Technical Field ‘ '

5 Technical Field

The present invention relates to image processing
apparétuses aﬁd méthods, and image—capturing-apparatusés,
and more particularly, to an image processing apparatﬁs énd
method, and an image-capturing apparatus in which a

10 difference between a signal detected by a sénsor and the

real world is taken into consideration.

Background Art
A technique for detecting incidents occurring in the
15 real world by a sensor and for processing sampled data
outputrfrom the image sensor is widely used.

For example, motion blur occurs in an image obtained by
captﬁring an object moving in front of a predetermined |
stationary background with a video camera if the moving

20 speed is relatively high.

However, when an object is moving in froht of a
stationary background, not only does motion blur caused by
the mixture'of the moving.object itself occur, but also the
mixture of the baékgrpund image and the object imageroccurs. ’

25 Hitherto, it has not been considered to detect the mixture




The present invention relates to inage processing apparatuses and nethods,
and i mage-capturing, apparatuses, and nore particul afjfpecdibed200500€
processi ng apparatus and nmethod, and an inage-capturing apparatus in which
a 10 difference between a signal detected by a sensor and the real world
is taken into consideration. Background Art A technique for detecting

i ncidents occurring in the 15 real world by a sensor and for processing

sanpl ed dala AULRU!LILQMMAAA LIRLS AEneRL I&osfi\g?d@}gyeaaed- For exanple.

notion blur occurs in an i mage obtained by capfuring an object nmoving in
front of a predetermined stationary background with a video canera if the
nmovi ng 20 speed is relatively high. However, when an object is noving in
front of pascsdqaireopar ynkaakground, not only does notion blur caused by the
m xture of the noving object itself occur, but also the mxture of the
backgr ound i Tegepaeskrithei whjradbni Mage eeaurnsade25iH vhew t of ithehadpovaet been.
considered. to detect the m xture. 16 Decenber 2005 - 3 of the background
obj ect sdeasritedgeheckdmumdpl ur adn t pxpebit i owdlodinexpr efsi ohe iondiseati ng
rel ationshi ps between the m xed pixel data and the background pixel data
concer ni agveékiecdesi gant ddtept xghe manturs xrafee r ddraddractihen MedHgef or
detecting a mxture ratio indicating a mxture state of the plurality of
obj ects Fhate et redlwket LY cohcdtIfich: t AeCRIcRT ghattedIpPed 13%98d 287 fhe

moving object image.

In accordance with a first aspect of the present invention,
there is provided an image processing apparatus for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
said image processing apparatus comprising: relational-expression
generatiﬁg means for extracting, iﬁ correspondence with a
désignated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral frame around the designated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for extracting,
in correspondence with the mixed pixel data, background pixel
data, which is the pixel data, correspending to a backgrbund
object which forms a background of the plurality of objects, the
background pixel data being associated with the corresponding
mixed pixel data, from a frame different from the frames from
which the mixed pixel data are extracted in accordance with a

motion



rel ati onal expressions, wherein the relational -expression generating neans
generates the plurality of relational expressions bagef.O0nerbibst

approxi mation in which conponents of the foreground object contalned in
the m xed pi xel data change substantially linearly with respect to the
positions of the pixels, and a second approximtion in which the m xture
ratio of the m xed pixel data extracteg fromthe designated frane changes
substantially linearly with respect fo”the positions of the pixels. The

| mage bragesslng anparatus mpy Lurhier L nalide . Loreor qund] hackgrouns

separati8 ans “for €1 nage a rnto a foreground object

i mage consi sti Of o e d j Wi ch k t he
For sgr oung Sy Dot ol e e e
consi stipg.of QY anhackground 8L &S LAMRARENES MHNG Ny BRAN dde fHaekgr ound

object in the inmuge data based on the mxture ratio corresponding to the
desi gnat gdxPi Xehnd ThE: tHirst Hi€rd addt@ AebAChEONs NBgnsddmctdayect dikenls

Decenber 2005 - 4 mxture ratio by solving the plurality of relationa
expressi easio At dltiggt @ dikehhodsoitd east tisquUar el ity accebdance whth a
second aspect of the present invention, there is provided an inmge
pr ocessi ffje Metdadd darldr oorssimigg nelge ddatanavedchpisef obaeddofora the
predeterm ned nunber of pixel data obtained by an image-capturing device
i ncl udi ngeafpraaddt er kxpedssimmsher ohepekrl s, thdhe pisdaltsohabrenpressine
integrating function,
generating means generates the plurality of relational expressions
based on a first approximation in which components of the
foreground object contained in the mixed pixel data change
substantially linearly with respect o the positions of the
pixels, and a second approximation in which the mixture ratio of
the mixed pixel data extracted from the designated frame changes
substantially linearly with respect to the positions of the
pixels.

The image processing apparatus may further include
foreground/background separation means for separating the image
data into a foreground object image consisting of only the
foreground object components which form the foreground object in
the image data and a background object image consisting of only
background object components which form the background object in
the image data based on the mixture ratio corresponding fo the

designated pixel.

The mixture-ratio detection means may detect the




sai d i mage processing apparatus conprising: a relational- expression
generating step of extracting, in correspondence with Mot d pi xel

of a designated franme of the inmage data, m xed pixellggﬁaq ﬁ%?gﬂfis t he

pi xel data, in which a plurality of objects contained in the imge data
are mxed, fromthe designated frame and a peripheral frane around the
designated frane in accordance with a nofion of a foreground object which
formse a foreground of the plurality of objects, and also of extracting, in

cor respopdgnce. WA d g Noiedopi XL 48} 201 AAEKET QA BLXEL URbbsithiien I

t he pi xe ata, correspondin a background object which fornms a

background.g9faide tBl ¥radddon ok obiactSatbg. background pixel data being
associated with the corresponding m Xed pixel data, froma franme different

fromthe framgsadéManvbi Ghchhe Bey6sH PhgRictdatra take peXbeaet efvddtion,
accordance wwth a notion of the background object, so as to generate a

pluralityhete i1elpidvddal expi®sst onSodendioqt hexhace!fat ershepsithetinvegn t he

m xed pixel data and the background pi xel data concerning the designated

pi xel ; anddta mihithr é-sr atdmnedet @t Rorpstdepeohindet ectirgy aofi ptivee desti o

indicating a mxture state of 16 Decenmber 2005 - 4a the plurality of

obj ect s Phtalred ey wor Ldagencarvinigat Wevdesi ghat ediing xel padete s nede

rel ati onal expressions, wherein in 16 Decenber 2005 - 5 the _

rel at i onaltleshr @S shbitlgendhat PAgeLt epavinte Pl bR | ORI RONAIE S essi ons

are generated based on a first o )
sald image ©processing apparatus comprising: a relational-
expression generating step of extracting, in correspondence with a
designated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral frame around the desighated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of extracting, in
correspondence with the mixed pixel data, background pixel data,
which 1s the pixel data, corresponding to a background object

which forms a background of the plurality of objects, the

background pixel data being associated with the corresponding

mixed pixel data, from a frame different from the frames from

which the mixed pixel data are extracted in accordance with a
motion ¢of the background object, so0 as to generate a plurality of
relational eﬁpressionsrindicating relationships between the mixed
pixel data and the backgrouﬁd pixel data concerning the designated
pixel; and a mixture-ratio detection step of detecting a mixture

ratio indicating a mixture state of



approxi mation in which conponents of the foreground object contained in
the m xed pi xel data change substantially linearly mﬁ&hﬁﬁﬁﬁ ehog 0 the
positions of the pixels, and a second approxinmation in Ich the mxture
ratio of the m xed pixel data extracted fromthe designated frame changes
substantially linear with respect to the positions of the pixels. The inage
processi ng nethod may further include,a foreground/ background separation
step of separating the i mage data intd a foreground object inage
consisting of only the foreground object conmponents which formthe
foreground object in the image data and a background object inmage

consi st | I ackgro bj ect o ts hgh ba round
obj ect Fﬁ@tﬁ%h?%%égp dgga @gggﬁgongghegﬁggtﬂ%g'rgﬁﬁgacogggg%%ﬁgﬁngeég t he
desi gnagyeg; g Ues8l pitdl 1AgHT X Wi ralhoi dghecki AL sSlen, hlerdiinxiHre ratio
may be detected %y solving the plurality of rel ational expressi ons
according to a nethod of |east squares. In accordance with a third aspect-
of the present invention, there is provided a recording nmediumin which a
conput er-readable programis recorded, said program being used for
processing image data which is fornmed of a predeternined nunber of pixe
data obtained by an inmage-capturing device including a predeterm ned
nunber of pixels, the pixels having a tine integrating function, said
program conprising: a rel ational-expres s ion generating step of 16
Decenber 2005 - 5a



- -extracting, in correspondence with a designated pixel of a designated
frame of the inmage data, mxed pixel data, which is thgpebini§dr2008a, in
which a plurality of objects contained in the 16 Decenber 2005 - 6 inmge
data are m xed, fromthe designated frame and a peripheral franme around .
the designated frame in accordance with a notion of a foreground object
whi ch forms a foreground of the plurality of objects, and also of
extracting, in correspondence with the”m xed pixel data, background pi xel

data, which i . Ri_xel . corr ing t backgroung ject ich
forms a 6§8kg?8%%§“%?ﬁ Fﬁgg%%ﬁféliggﬁggﬂ%ﬁﬁkcfgfﬁfhe% %c grofﬁgkgixg dat a
bei ng A33PCLALEA W Lot sc0tr espandi gan i xedh pi xelogata, from gitiame
different fromthe frames fromwhich the m xed pixel data are extracted in

accordanggwhih-A iRt i 90 Oofnidie haskghonnd obf eclhe SGoragréthensijate a
plurality of relational expressions indicating relationships between the

m xed pi xghtdateat and the haekgreoind dqivel cidair coanseantigl iyhel desirgpat ed
pi xel ; and a m xture-ratio detection step of detecting a m xture ratio
i ndi cati rRgth ntedpece B attheof pddieiphnyr abft yief obkerd,s iandt he rsadondor| d
concerning the designated pixel based on the relational expressions,
wher ei n iepprétigmatébat Lonahiex ptles siiortugenerationgf step, midml plixed| idajaof
rel ati onal expressions are generated based on a first approximation in
whi ch corpbneeitesl ofrarhetHeordapignatedbfene @feﬁﬂ%isnéeﬂbiSﬁa@WeaJrﬁYxe]dfﬁia%el
data change, substantially linearly

with respect to the positions of the pixels.

The image processing method may further include a
foreground/background separation step of separating the image data
into a foreground object image consisting of only the foreground
object components which form the foreground object in the image
data and a background object image consisting of only background
object components which form the background object in the image
data based on the mixture ratio corresponding to the designated
pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a method of least squares.

In accordance with a third aspect of the present invention,
there is provided a recording medium in which a computer-readable
program is recorded, said program being used for processing image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,

said program comprising: a relational-expression generating step

of



with respect to the positions of the pixels, and a second approximation in
which the mxture ratio of the m xed pixel data extraghedppnide

desi gnated frame changes 16 Decenber 2005 - 7 substantPaﬁ?@‘??ﬁear W th
respect to the positions of the pixels. The programnmay further include.a

~foreground/ background separation step of separating the inmage data into a

foreground object inage consisting of gﬁly the foreground object
conponents which formthe foreground objfect in the inage data and a
background,_obj.ect inmage consisting of only backgr.qun j ect__.conponents
whi ch fo?ﬁ:f]f?‘letlﬁlgékg%%un%orc’)"t?jsgg?d??lcet hévlfc?{rag% a Sggnggs(gd %lﬁ{etlheg?ﬁ xture
ratio co in t S e i xel. t LXL urg-r.af i ection
rep, tna-Er e Fabe 00 B AR SR B By rebibing PRE T o) SF

rel ationgl, eXRIRSS PASHRACAT G NG 1@ vao FEINRA 9 cbasitneaquar€s 1N
accordance wth a fourth aspect of tﬁe present invention, there is :
provided a programfor allow ng a conputer for processing imnmage data which
is formed of a predeterm ned nunber of pixel data obtained by an

i mage- capturing device including a predeterm ned nunber of pixels, the

pi xel s having a time integrating function, to execute: a

rel ati onal - expressi on generating step of extracting, in correspondence
with a designated pixel of a designated frame of image data, m xed pixe
data, which is the pixel data, in which a plurality of objects contained
in the imge data are m xed, from the designated frame and a peri pheral
frame around the designated frane in accordance with a notion of a

f oreground object which



:

forms a foreground of the plurality of objects, and also of extracting, in
correspondence with the m xed pi xel .data, background xel ?ﬂ%SMhiCh IS
t he pi xel data, corresponding to a background objectlgpe@ﬂn a 16
Decenber 2005 - 8 background of the plurality of objects, the background
pi xel data being associated with the correspondi ng m xed pi xel data, from
a franme different fromthe franes frog1mh|ch the m xed, pixel data are
extracted in accordance with a notion of the background object so as to
generate.a it relatlonal £XP ESSIO di catin rel nshi ps
Hi9d Aezom e sAehehe,

bet ween fﬂ% ig&ta SRt HE P%u%% PiXel* dat’a FConcerni ng t he

desi gnat ed, pl Xae]J yndnfhd O{an%&{g@ea 3lfhe 48t ECLdQN3LeR; O AGhRGbhnge %

m xture FafTo Indica Xt Uur € plurality of o jects in

the real (yprd g GANGES @b@gwﬁtﬂ@h deshonat ed BLxsindasedn8 therseldt i opal

expressi ons,” wherein-in e relational -expression generating step, the

plurality,piced,elaabi Qnab SXPELSSIRASyAL &n JeNERaLBHIORSLiiGh anki kiSked
approxi mation in which conponents of the foreground object contained in

the m xedipixeliada} a vahapgeusubstiant i aldey, | iwgan yiswitne rpspect dedat he
positions of the pixels, and a second approximation in which the m xture
rati o of cohegpoxdingi xel adathakgexindachbgdct r el dthefdesi gnateadckofroang changes
substantially linear with respect to the positions of the pixels. The
program hey friidadetyncdfidecks datsegr shnd/ baiogrooAd pSepar atdten $eeng of
separating the image data into a foreground object image consisting of
only theaseraigtedndichj the corpripondsng mixed pixel data, from a Irame

different from the. frames from which the mixed pixel data are
extracted in accordance with a motion of the background object, so
as to generate a plurality of relational expressions indicating
relationships between the mixed pixel data and the background
pixel data concerning the designated pixel; and a mixture-ratio
detection step of detecting a mixture ratic indicating a mixture
state of the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on a  first
approximation in which components of the foreground object
contained in the mixed pixel data change, substantially iinearly
with respect to the positions of the pixels, and a second
approximation in which the mixture ratio of the mixed pixel data

extracted from the designated frame changes




which formthe foreground object in the inmage data and a background obj ect
i mage consisting of only 16 Decenber 2005 - 9 backgr pdnec@kegtoconponent s
whi ch formthe background object in the imge data based on the m xture
ratio corresponding to the designated pixel. In the mxture-ratio :
detection step, the mxture ratio nmay be detected by solving the plurality
of relational expressions according _te a nethod of |east squares. In
accordance with a fifth aspect of the present invention, there is provided

an” i mge-Capt M NG 13PPAREL NS CANPL URY b MBOS poGRRE 44 N TRANSIfAL.
outputting a subjecf inmage captured by an image-capturing device including

a predeterm agd NpRHLNOf mRipXekksrt@vi NGicaubik MBI NEESEAIuRE /hahiedricdRaas

i mge data consisting of a predeterm ned nunber of pixel data;

rel ati ongkpexptessi Ofep genesaping imganhef amaext raaki Ngitol M cosreagpandence
with a designated pixel of a designated franme of the inmage data, m xed
pi xel datwajewti thages ¢dresipitiey dat anly nthdi Ebregnolundalobt gcof combyjrent-s
contained in the image data are m xed, fromthe designated frane and a
peri pher ahichr afmrmar dbad féreegiwsingnatieikdtr aie | bhe acamgdandatan tanda Aoti on
of a foreground object which forms a foreground of the plurality of

obj ect s, baalged Wyl f ePJext r d8BPAg, cONsisEdhe esPon@BAEe RATHYTOHRI NiSRIGCHi xel
data, background pixel data, which is the pixe|l data, corresponding to a
backgr oufaTWPHHTESt Whidh forhsthe bQé‘Elj?’b‘UﬁHipo‘Fbler% ptr &PFt yUgPe ofeEeL s,

the background pi xel .data bei ng associ at with the_corre ndi n
bgsed on %he mixture ratid correspon f%g to the de51gna%g8 pixe -

In the mixture-ratic detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a methed of least squares.

In accordance with a fourth aspect of the present invention,
there is provided a program for allowing a computef for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
to execute: a relational-expression generating step of extracting,
in correspondence with a designated pixel of ardesignated frame of
image data, mixed pixel data, which is the pixel data, in which a
pluiality of objects contained in the image data are mixed, from
the designated frame and a peripheral frame around the designated
frame in accordance with a motion of a foreground object' which
forms a foreground of the plurality of objects, and also of
extracting, in correspon&ence with the mixed pixel data,
background pixel data, which is the pixel data, corresponding to a

background object which forms a



m.xed pixel data, froma frame different fromthe frames from which the 16
Decenber 2005 - 10 m xed pixel data are extracted in ith a
notion of the background object so as to generate a b€§%§#§@§%§?yﬁ

rel ati onal expressions indicating relationships between the m xed pi xel
data and the background pi xel data concerning the designated pixel; and

m xture-ratio detection nmeans for detegting a mxture ratio indicating a
m xture state of the pIuraIity of objeCts in the real world concerning the
desi gnat d ixel ba 1N | ational.  expressi. erei.n th

rel ati ona cg%ﬁ?%%sf%ﬁqben aff%%ngggg%jagﬁera s %higr¥ﬁhJ€%I%el ata

rel ationgl, lggpm&%dbmﬂ e Ach £ S4p0sARRE OKLERY | Nk ikl ch eeggpgnent s

of the foreground ject contained 1n-the xed at a cﬁange

subst antigably bk PRIy f\eﬂoﬁhtﬁ@S%&&eé OeRe WPQSht Itﬁ@smpiect NgiRiexeldaand a
second approximation in which the mxture ratio of the m xed pi xel data

extract edrbr epttda deshonat&disheanpi ehangetisHbst atHd alakygtbneardpfecei th
respect to the positions of the pixels. The image-capturing apparatus nay
further iseckhydeo dereagreundibackdrouad separiahblnesEassibas Sepiaratingg t he
imge data into a foreground object inage consisting of only the

f or egr oundlebj@cthipenporeres Wwhec miordn pheelf odegs ownd olfjeechackprauhd i nage
data and a background object inmage, consisting of only background object
conmponenpsxahi daté orantéienipac kdreodrdigbpeed bhxelheaidrmgendatargasddoon t he

m xture ratio corresponding to the designated pixel.
detection step of detecting a mixture ratio 1nd1cat1ng a mixture

state of the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which components of the foréground object
contained in the mixed pixel data change substantially linearly
with respect to the positions of the pixels, and a second
approximation in which the mixture ratio of the mixed pixel data
extracted from the designated frame changes substantially linear
with respect to the positions of the pixels.

The program may further include a foreground/background
sepération. step of separating the image data into a fofeground
object image consisting of only the foreground object components
which form the foreground object in the image déta and a

background object image consisting of only



16 Decenber 2005 - 11 The mxture-ratio detection neans nmay detect m xture
ratio by solving the plurality of relational expressi®Decans®2009g to a
met hod of | east squares. In accordance with a sixth aspect, of the present
invention, there is provided an imge processing apparatus for processing
i mge data which is fornmed of a predeterm ned nunber of pixel data
obt ai ned by an i nmage-capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tine intég?afing function, said inmge
processi §d RPALAL U, AIPLLALAC, I Al ANal; SXPLESSLON. AENCTALLAY_ TRans
for extracting, 1n c&rrespon ence w a 8e5|gnatea p?xe of 8e5|gnated
frame of e ;i e a Lxe a eri r u
designatgﬁgfﬁgﬁggagg@%agﬁgéﬁuha gﬁkeﬁggggggcgégggp%%ﬂ%%%gﬁggggbggkgggund
obj ect 0f3edigRAtHALIi kY1 of objects of the inmage data, and also for
extracting designated pixel data of the designated pixel and proximty

pi xel data ofnachd 8kthosatfad o BeCbOSRPIs@épIM tie Wildtuk-Bergesd gnat ed

pi xel in the designated frane so as to generate a plurality of relationa
expressi arsettw catyl ngolelmwd | ambehi psupdiithe desi gapdteibnapi XxekptkedsA onshe
proximty pixel data, and the background pixel data corresponding to the
desi gnat edcprdily dat a methddeopr bxasn tsyiuapexel - data concerning the
designated pixel;-and m xture-ratio detection neans for detecting a

m xture rati ol nd¢esdange awhtixt ar 81 £6h aspasft e Yhleurakseyt ofnohjtdens in
the real world concerning the designated pixel based on the relationa
expr essi 6A8Te wherkfeyidRe apelBRydTEAPIEXHRS SAPRAT a§EAe FATP RS ansijéfer at es

t he
capturing means for outputting a subject image captured by an

image-capturing device including a predetermined number of pixels
having a time integrating function as image data consisting of a
predetermined  number of pixel data; relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, 1in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral, frame around the designated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for ext;acting,
in .correspondence with the mixed pixel data, background pixel
data, which is the pixel data, corresponding to a background
object which forms a background of the plurality of objecfs, the
background pixel data being asscocliated with the corresponding
mixed pixel data, from a frame different from the frames from

which the



16 Decenber 2005 - 1la plurality of relational expressions based on an
approximation in which the mxture ratio correspondi (gpkeehtbie 20651 gnat ed
pi xel and the proximty pixel is uniform 16 Decenber 2005 - 12 The

rel ati onal - expressi on generating means nmay generate the plurality of

rel ati onal expressions based on an approxi mation in which conponents of a
foreground object of the plurality of _ objects contained in the deS|gnated
pi xel data and the proximty pixel dath "are uniform The

rel at ' on i_x%ép?eQesf Ocpat%e %r a%xpgacrgeegn nrrggc%ecpa%rcaet %J}:ﬁe o’éllo%l I fyt

rel ati onal”"expressi ons b&SE8d 0N &an oXImationin onen S of a

f or egr ougl gL 6l ofpidie: PLYI abi Ly, %eneq@tsctas G001 A acd it ﬁﬂ%ﬁh?”at ed

pi xel data e proximty pixel data change substanti nearly with

respect (Quthes; ARSI tﬂdqeﬁtpﬁgtmartlléﬁg§lpsTf1feew@agetﬁé0ﬁ§§éa qgl}%qpa;a%taus may
i ncl ude foreground/background separation nmeans for separating the inmage

data intena teeegHOWIdual) sticl MREE 6OMNSHSinGYtRE QHiynkiRed Hotagr auad
obj ect conponents which formthe foreground object in the inmage data and a

backgr ound xebjeetatisagactonsicst | ngand olry deaskgirapnd objieetreomaanent s
whi ch formthe background object in the imge data based on the m xture
rati o corimgspandiong toxthee degkegnrat et glvekliTheofmottiecesr ab i thedetkadti on
means nmay detect the mxture ratio
world concerning the designated pixel based on the relaticnal
expressions, wherein the relational-expression generating means
generates the plurality of relational expressions based on a first
approximation in which components of the foreground object
contained 1in the mixed pixel data change substantially linearly
with respect to the positions of the pixels, and a second
approximation in which the mixfure ratio of the mixed pixel data
extracted from the designated frame changes substantially linearly
with respect to the positions of the pixels.

The image-capturing apparatus may further include
foreground/background separation means for separating the image
data into a foreground object image consisting of only the
foreground object components which form the foreground object in
the'image data and a background object image, consisting of only
background object components which form the background object in

the image data based on the mixture ratio corresponding to the

designated pixel.



by solving the plurality of relational expressions according to a nethod
of least squares. In accordance with a seventh aspect nt
invention, there is provided an imge processing net%é(;‘ée%gﬁ)eg?@%gssi ng
imge data which is formed of a predeterm ned nunber of pixel data _
obt ai ned by an inmage-capturing device including a predeterm ned nunber of
pi xel s, the pixels 16 Decenber 2005 - 112a having a tine integrating
function, said inmage processing net hod conprising: a relational -expression

generating st of, extracti.ng,, .in caorrespondence with a desiagn i xel
of 16 Decanbel T gt tiE S aer 0 SRl WERRETAS) “ortet nBe R SRS U0

of a peri a ! e i e r : b d .pi xel data
correspoﬁgrﬂﬁéﬁ oti['a(5 bggﬁgér%u d %%j E%fﬁoﬁ%ggﬁp%&&)glg?%/&% %g%ﬂg{:dﬁgaoft% t%e
i mage dapary g ahs9sofs@treacti ng designated pixel data of the designated

pi xel and proximty pixel data of a pixel located in close proximty with

t he designat efh pioRlrdbAcd heitdesl gnatrdashHEae o0 tas becgemeratenaiphpral ity
of relational expressions indicating relationships of the designated pixel
data, theheps OXknNigrpvpixel afdatimagangrbbes back gamitpisXedordagmcessing
corresponding to the designated pixel data or the proximty pixel data
concer ni hgagd eldes whhab etk piotekd afhd pradetareinat inomilet ect imxelstiepa of
detecting a mxture ratio indicating a m xture state of the plurality of
obj ects bhtaired day wor Ldagermserttnichygyt Hevice including a predetermined

number of pixels, the pixels having a time integrating function,
said image processing apparatus cbmprising: relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, pixel
data of a peripheral frame around the designated £frame as
background pixel data corresponding to a background object of a
plurality of objects of the image data, and alsc for extracting
designated pixel data of the designated pixel and proximity pixel
data of a pixel located in close proximity with the designated
pixel in the designated frame so as to generate a plurality of
relational expressions indicating relationships of the designated
pixel data, the proximity pixel data, and the background pixel
data corresponding to the designated pixel data or the pfoximity
pixel data concerning the designated pixel; and mixture-ratio
detection means for detecting a mixture ratio indicating a mixture
state of the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein the

rélational-expression generating means generates the




desi gnat ed pi xel based on the rel ati onal expressions, wherein in the

rel ational - expression generating step, the plurality ofDetgh@dri2008!
expressi ons are generated based on an approximation in which the mxture
rati o corresponding to the designated pixel and the proximty pixel is
uniform In the rel ational -expression generating step, the plurality of

rel ati onal expressions may be generat based on an approximation in which
conmponents of a foreground object of thé& plurality of objects contained in
t he designated pixel data and the proximty pixel data are uniform 16
Decenber 2005 - 14 In the rel ational -expression generating step, the -
pluralit f telatko r.essi ay. b er.at :

appr oxi gf%ﬁlﬁﬁymkrcgé%g%%%ﬁgnggggésga%grgﬁ%%ﬁn8ﬁo%ﬁe%?§g?x%ﬁgggglJPaIity

of obj ect,gicANtAL NRtkdudtet RE oI ONALBINPI AP cod@ba ameki @Rl PXkdT thaPi xel
data change substantially linearly wmth respect to the positions of the

pi xel s. e bFBgen0eess] NG mthegnmy further include a

f oregr ound/ background separati on step of separating the imge data into a
foreground object inage consisting of only the foreground object
conponents which formthe foreground object in the inage data and a
background obj ect inage consisting of only background object conponents
whi ch formthe background object in the image data based on the m xture
ratio corresponding to the designated pixel. In the mxture-ratio
detection step, the mxture ratio nmay be



detected by solving the plurality of relational expressions according to a
nmet hod of | east squares. In accordance with an ei ght higpaagibepf0d5he present
invention, there is provided a recording nediumin which a conpute
r-readable programis recorded, said program being used for processing
imge data which is formed of a predeterm ned nunber of pixel data

obt ai ned by an inage-capturing device jncluding a predeterm ned nunber" of
pi xel s, the pixels having a tinme int egllrzati ng function, said program

e A C b R L R L

correspondence” W Signated prxe igna

data, pi §E{1¥€%{r§ OJf a. %rgtllggg:[ a%zlqg(réﬁsrs THs 1§a%e&pe%1|1 ﬁggérdxilnéﬂioﬁr Qﬁ'nd the

desi gnat as background ata correspon to a background

obj ect OfnacRl Waabbhyndd @RI ect $obqthighd MBYFectdaba, and ghepanftyexpiacting
designated 16 Decenber 2005 - 15 pi Xel data of the designated pixel and :

proxi m typpexed Eraiabaainpickel aborpiLddl RigbDSQa P OXhdVi e Whidkikbey
designated pixel in the designated frane so as to generate a plurality of
rel ati onalixeexquessar@nsniifedincat i ng rel ati onshi ps of the designated pixel
data, the proximty pixel data, and the background pi xel data
correspondi ngTh® témtdesafnatedcspirel gdatmatomat heegmsoxiay tgengirret tHat a
‘concerning the designated pixel; and a m xture-ratio detection step of
det ect i nglaradXtwraf rzstliasipnal cexprapsaond xbased on an approximation in
which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data change substantially linearly with respect to the
positions of the pixels.

The image proceésing apparatus may include
foreground/background separation means for separating the image
data into a foreground object image consisting of only the
foreground object components which form the foreground object in
the image data and a background object image consisting of only
background object components which form the background object in
the image data based on the mixture ratio corresponding to the
designated pixel.

.The mixture-ratio detection means may detect the mixture ratio
by solving the plurality of relational expressions according to a
method of least squares. |

In accordance with a sgventh aspect of the present invention,
there is provided an image processing method for processing image
data which is formed of a predetermined number of pixel data

cbtained by an image—capturing' device including a predetermined

number of pixels, the pixels



state of the plurality of objects in the real world concerning the

desi gnat ed pi xel based on the rel ational expressions, wherein i t he

rel ati onal - expressi on generating step, the plurality 6¢Ik¥%ﬁ%?P@W§|
expressions are generated based on an approximation in which the m xture
ratio corresponding to the designated pixel and the proximty pixel is
uniform In the relational -expression_generating step, the plurality of

rel ati onal expressions may be generdié ®based on an approxi mation in which
conponent f f oreground abj.e f th plLural] of Lects co i;ned in
Che dest onarend ot xbr ot hosnae i enearny £y xiidea s Bab 8517 AR, e
relational- i [N . 1h ity f re j I

expr essi ?ﬁéﬂsr%rg%ﬁﬁ% %gn%rqgtgégﬁébla—%é{gkg%la% %ae%%!régo%é%tsltg iO% : |£c &%&‘%onents
of a foregr eypfeQRintehcofvitie a BLaI Aldikd PIxObjgCcts contained in the 16
Decenber 2005 - 16 designated pixel data and the proximty pixel data
change substantially linearly with respect to the positions of the

pi xel s. The program nmay include a foreground/ background separation step of'

separating the inmage data into a foreground object inmage consisting of
only the foreground object conmponents which formthe foreground object in
t he i mage data and a background object image consisting of only background
obj ect components which formthe background object in the i nage data based
on the mixture-ratio corresponding to the designated pixel.



I n the mxture-ratio detection step, the mxture ratio may be detected by
solving the plurality of relational.expressions accor 8%}%0 2 t hod of

| east squares. in accordance with a ninth aspect of t K Lo venti on,
there is provided a programfor allow ng a conputer for processi ng inage

data which is fornmed of a predeterm ned nunber of pixel data obtained by

an i mage-capturing device including a f edeterm ned nunber of pixels, the
pi xel s having a tinme integrating funct to execute: a

relational -expression. enero%tl ng ste 8‘5 extracthng tal NeCOrrespandence '
V\nthade5|gnae pi xe e5|gnae 5F ﬁelmae E\R:f pixel

data of g paL p@P&ﬁJd frtﬂQE @iﬂ:& %Qe £AGRI 9 §t eﬁ éﬁg%%nés ?gg%gr%rgg pi xel

dat a correspondl ng to a ba object o T Ural ity j ects of the

i mage dat@d,r8hsbnBingo +8f ae¥kEReldung ggggg@a&ed& F{i%‘%‘c‘algé‘ﬁfr aopfogjt&tgeglfgnat ed
pi xel and proximty pixel data of a pixel located in close proximty 16 ‘

Decenber 2803 magd 6@at¥y t find hg1 flesé gnatehdeiixg! db@léﬂkﬁ:e@egﬂﬁ@@-t edthr afe so
as to generate a plurality of relational expressions indicating

rel ati onghiepsesigidedlpiRecenher p2O00mityl pixdesignat el pi petedataatehe
proximty pixel data, and the. background pixel data corresponding to the
desi gnat ed pilvek gabaimbdry t hetipr oé Motyigmateld dat@lcomceris ngedipmated
designated pixel; and a mixture-ratio detection step of detecting a

M xture Eaghe -sondicatd ngeaemite upe Bugréitf he pollakabialy ekpobisdons in

t he real
indicating relationships . of the designated pixel data, the

proximity pixel data, and the background pixel data corresponding
to the designated pixel data or the proximity pixel data
concerning the designated pixel; and a mixture-ratio detection
step of detecting a mixture ratio indicating a mixture state of
the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on an approximation in
which the mixture ratio corresponding to the designated pixel and
the proximity pixel is uniform. |
In the relational-expression generating step, the plurality of
. relational expressions may be generated based on an approﬁimation
in which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity

pixel data are uniform.



wor |l d concerning the designated pixel based on the rel ational expressions,
wherein in the rel ational -expressi on generati ng step,16bé&nided2@ds ty of

rel ati onal expressions are generated based on an approxinmation in which
the m xture ratio corresponding to the designated pixel and the proximty
pixel is uniform In the rel ational-expression generating step, the
plurality of relational expressions_npy b e generated based on an

approxi mation in which conponents of a foreground object of the plurality

of obiects - gontalnedhlivdfie destanaled qunkel. daf asald U PEARTiLY

pi xel data are uniform 1n the relational™-expression generating step; the
pluralityeof rofighdbipnal o us238h9NSHRY BR OQReEahLed; bagesde®n 8 an
approxi mation in which conponents of a foreground object of the plurality:
of obj eghpr&oM-aiined inn whiendeshgordad pixel dateyanddt bespeoxibm tie pixel
data change substantially linearly with respect to the positions of the -
pi xel s. phergriagr asd by datst henthneeédiden ather egs Dymad/ebagidgreoundti6 aDacenber
2005 - 18 separation step of separating the inmage data into a foreground
obj ect i mhge momsimdtiyngpfelonldatehechareyr cuivd tab] ecitl ycoApoaents wilihch
formthe foreground object in the imge data and a background object inmage
consi st i ngspéctortioy thackagidungsobf edte pésapvnent s whi ch formthe background
object in the inage data based on the mxture ratio corresponding to the
desi gnat ed pi%E . iRe9he RFREeFENGat i BelddectTdn sfBpthethe AP ratio

may be detected b% solving the plurality of relational expressions
foreground/background separation step of separating the image data

into a foreground object image consisting of only the foreground
object components which form the foreground object in the image
data and a background object image consisting of only background
object components which form the background object in the image

data based on the mixture ratic corresponding to the designated

pixel.

In the mixture-ratio detection step, the mixture ratio may be

detected by solving the plurality of relational expressions
according to a methoa of least squares.

In accordance with an eighth aspect of thé present invention,
there is provided a recording medium in which a computer-readable
proéram is recorded, said program being used for processing image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
said program comprising: a relaticnal-expression generating step
of extracting, in correspondence with a designated pixel of a
designated frame of the image data, pixel data of a peripheral

frame



according to a method of |east squares. In accordance with a tenth aspect
of the present invention, there is provided an imageigpatdhtdrgogparat us
conprising: imge- capturing nmeans for outputting a subject inmge captured
by an inmage-capturing device including a predeterm ned nunber of pixels.
having a tine integrating function as inmage data consisting of a
predet er m ned nunber of pixel data; rglgaional-expression gener ating neans
for extracting, in correspondence with a*?designated pi xel of a designated
frame of the image data, pixel data of a peripheral frame around the
designated frane as background pi xel data corresponding to a background
obj ect of i of, .t d acting
desi gnat é?L p| xe ﬁédac%%aé g%ag%l e%[azriegfﬁgt E%C]%)I xglﬁd g'?%lr oxi m tcégﬁ%%oln%ggt a of

a pixel lgcat egadiyohaae oBseXE Moky aM ;xlmrtam@tgegfg% el s Pb¥elihkn ihlge.
designated frane so as to generate a plurality of relational expressions

16 Decemagra2088 2138 of ndiGatkNgg r@isathensdi ps of the designated pixel
data, the proximty pixel data, and the background pi xel data
corresponding to the designated pixel data or the proximty pixel data
concerning the designated pixel; and m xture-ratio detection neans for
detecting a mxture ratio indicating a mxture state of the plurality of
objects in the real world concerning the designated pixel based on the

rel ati onal expressions, wherein the relational - expression generating neans
generates the plurality of relational expressions based on an

approxi mation in which the mxture ratio



corresponding to the designated pixel and the proximty pixel is wuniform
The rel ational -expression generating means may gener afgpédambePbousl i ty of
rel ati onal expressions based on an approximation in which conponents of a
foreground object of the plurality of objects contained in the designated
pi xel data and the proximty pixel data are uniform The

rel ational - expression generating neans y generate the plurality of

rel ati onal expressions based on an app } ximation in which conponents of a

f or eground 091 g(ﬁﬁ of t@g P eusrl%n!‘:lxeﬁl %laﬁequ ects con %a%y lxeri the desi gnat ed

pi xel data*and eprOX|m [ FEngé st |aIIyI|near y wth

respect tQ.Lhe; pasid 1;0ns, }%a&ﬁoﬂn&% lefPetﬂémc%esng;ﬂQEé’#'&Q;eﬁp%r%HS may

further include or egroun ground separation ans for separating the

16 Decenbgk; 008 a 20amd MBge Lat 8ol RfeBepafoOr %gr;sm%l@@ ecds | PROG ARSI Sti ng
of only the foreground object conmponents which formthe foreground object-

in the i mRgeesdaichANGdachetkynRURdi HiE¢s bFBgRe &OIYnSteATpDie0Ma)ta,
background obj ect conponents which form5. the background object in the

i mge datthebasedxzomithe pixdiur elatkat i angor respomdchRgrdund hepidesi griatead
pi xel . The m xture-ratio detection nmeans nmay detect the mxture ratio by
sol vi ng tcherpsporaliingy tof thel a¢signalcederprebsians acdbedpngxini ey mekkdd of
| east squares. 10 in correspondence with a designated pixel of a
data ‘concerning the designated pixel; and a mixture-ratio
detection stép of detecting a mixture ratio indicating a mixture
state of the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on an approxXimation in
which the mixture ratio corresponding to the desigﬁated pixel and
the proximity pixel is uniform.
In the relational-expression generating step, the plurality
of relational expressions may be generated based on an
approximation in which components of a foreground object of the
plurality of objects contained in the designéted pixel data and
the proximity pixel data are uniform.
In the relational-expression generating step, the plurality
of relational expressions may be generated based on an

approximation in which components of a foreground object of the

plurality of objects contained in the



designated frane of inage data, m xed pixel data, which is pixel data, in
which a plurality of objects contained in the inmage 1¢abéepiber P00sed, are
extracted fromthe designated frame and a peripheral frane around the
designated frane in 15 accordance with a notion of a foreground object
which forns a foreground of the plurality of objects. Also, in
correspondence with the m xed pi xel data, background pixel data, which is
t he pi xel data, corresponding to a bégwgfbund obj ect which forns a

e o R Shp i PR | el RPoLe 2Rl RRCKBEGHIC BlC B 0 T

correspondi ng mXed pi X are extracte om a

frame di : hem ¢ frames; fir o ' e mxed pi;xelL datgx ape
1

extract egtllt)%%g%loar &gnceﬂ&\;ﬁatrﬁga rﬁ)t{l{ or?egﬁé%:ﬂett%ac gér(oﬂar?glog}xelct . Aplurality

of rel atiQpaisexpressions indicating . 25 rel ationships between the m xed

pi xel data and the 16 Decenmber 2005 - 21 background pi xel data are

gener at ed CO‘E‘I@@"?irﬁﬁrénhemage_sﬂrgﬂﬂﬁgd-api %6keg AUNGYbEERGFAINA0 sdiHeatibAg a

m xture state of the plurality of objects I1n the real world is

det ect eds€epcer nsagatdtengeshgnainege piaxel ihased dorebeodbnd edmidcandkmage

expressions. In the generation of the relational expressions, the

pl ural it yoofiseimt iocdnahl expreesoiropsea@ice obgener atrgebrizasedwbicta famst-he

approxi mation in which components of the foreground object contained in

t he mi xedopéxetundatok]echalyetisubgtagnt dats yahd nedrdakowiothd r ejrdt imegehe

positions 10 of the pixels, and a second approximation in which the
consisting of only background object components which form the
background object in the image data based on the mixture ratio
corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a method of least squares.

In accordance with a ninth aspect ¢f the present invention,
there is provided a program for allowing a computer for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
to execute: a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated frame of
the image data, pixel data of a peripheral frame around the

. designated frame as background pixel data corresponding %to a
background object of a plurality of objects of the image data, and

also of extracting designated pixel data of the designated pixel

and proximity pixel data of a pixel located in close proximity



changes substantially linearly with respect to the p@gInédeiiber 2JO5t he

pi xel s. I n correspondence with a designated pixel of a 15 designated frane
of the imge data, pixel data of a peripheral franme around the designated
frame are extracted as background pixel data corresponding to a background
object of a plurality of objects of t q%i_mage data. Al so, designated pixel
data of the designated pixel and proxinfty 20 pixel data of a pixel |ocated
in close proximty with the designated pixel in the designated frame are
extracted. A plurality of relational expressions indicating relationships
of the design d pi a, " PL OXi g t i xel. _dat d

t he- backglrﬁggn?h%i xg%g(f;&ar%ag%?orﬁe%gon I|[1n)g;'£htrgo %{%giq}%éciegna?reaﬁﬁopiaxsel 1:(Ojat a or
the proxigghtyaqd xeh datar@l & genss at ggh 16 Jpegemel, 2000:rs 22in&iQReehi Ny

t he designated pixel. A mxture ratio indicating a m xture state of "the
pluralitye0htohjseGhbs bn dHee real world is detected concerning the

desi gnat ed pi xel based on.. the relational expressions. In.the generation
of the 5 relational expression, the plurality of relational expressions
are generated based on an approximation in which the mxture ratio
corresponding to the designated pixel and the proximty pixel is uniform
Wth this arrangenent, the mxture ratio indicating the 10 m xture state
of a plurality of objects, such as a




background i mage and a novi ng object inage, can be detected. Brief
Description of the Drawings Fig. 1 illustrates the prigpedenshepP00she present
15 invention. Fig. 2 is a block diagramillustrating an exanple of the
configuration to which the present invention is applied. Fig. 3 is a block
diagramillustrating an exanple of the configuration of a signal processor
12 shown in Fig. 2. 20 Fig. 4 is a buﬁgk diagramillustrating the signal
processor 12. Fig. 5 illustrates the inage capturing perforned by a

‘ .. Fig.. 6 ill, t th [ f pi | 25 Fig, 7
Tl ust 1 afeE P Gperatton 8F0Y detet Hav dburbe. PR Dediather 2005 93
Fig. 8A bgw@{u%tdem@y @Egs Qpt al qu?.gg' E@g%gecagg Aa%dag)igpheagta
correspon I N O a novi ng oregrou an an o jeCt C rresp n |ng to a

stationagy %woqamtg%g{eﬁ%aitgl &@ﬁé@n‘iﬁgath@d&ési%ﬁqa%d | 9BQe ;ohhai fed by

5 image-capturing an object corresponding tfo a noving foreground and an
obj ect ciresRONding Qe ’liahi OBady Jrackgtouiithg Fiag. 9mitdistrakesoa

background area, a foreground area, a mxed. area, a covered background
area, angnh@icadicevar atxddrdackgeosndiar gaurki gty Id¥ idohysts atresha mredel
obt ai ned by expanding in
world concerning the designated pixel based on the relational
expresSioﬁs, wherein in the relaticnal-expression generating step,
the pluralityrof relational expressions are generated based on an
approximation in which the mixture ratio corresponding to the
designated pixel and the proximity pixel is uniform.

In the relational-expression generating step, the plurality of
relational expressions may be generated based on an approximation
in which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data are uniform.

In the relational-expression generating step, the plurality of
relational expressions may be generated based on an approximation
in which components of a foreground object of the plurality of
objects contained in the designated pixel data and the p;oximity
pixél data change substantially linearly with respect to the

positions of the pixels.

The program may further include a foreground/background




the time direction the pixel values of pixels aligned side-- by-side in an
i mage obtained by image-capturing an object correspojgihasentter2odd ationary
foreground and an the object 15 corresponding to a stationary background.
Fig. 11 illustrates a nodel in which pixel values are expanded in the tine
direction and the period correspondi ng to the shutter time is divided.

Fig. 12 illustrates a nodel in which ph% val ues are 20 expanded in the
time direction and the peri od correspo ing to the shutter tinme is

di vi ded. _Fi t qd whi ch I d i
| VI e 5 I gra 1on s e(‘,SP {ﬁ}. eg g?agg:l%gr rtglsepo_{nn? geplci< thlgltgﬁS% a%gr XI%%%ge 'n

the time dFrection an utter

di vi ded, (B3pEL9indde 'Jcm%tsrt%sso@noﬁfﬂ”ghg Dl HaPLESLE: eoﬁpc;ln%n@gcenber

2005 - oreground area, a back area, an ed area are

extract edyiFh Q. f&r'-}nl |1:|h'é5tf@:§&§:oht'1@ réﬂ)fédtonsihl p@h@etm@e Phxel s andaa
nodel obtai ned by expandi ng t'he pixel values in the time direction. Fig.

16 i1l usthakgsond@dBkett Whiagh Péxelistahyesomr @nl@xnaaw@ciouﬂdt he ftelcire
direction and the period corresponding to the shutter tinme is divided.

Fig. 17 icbhyst¢mtseswhidmdebrm ntibi eAcpyx@lnd/ abbipstaren tBeexpagdedata t he
time direction and the. period corresponding to the shutter tine is
di vi ded. based on the mixture ratio corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a method of least sqguares.

In accordance with a tenth aspect of the present invention,
there is provided an image-capturing apparatus comprising: image-
capturing means for outputting a subject image captured by an
image—capturing device including a predetermined number Of pixels
having a time integrating function as image data consisting of a
predetermined number of pixel data; relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, pixel
data of a peripheral frame around the désignated frame as
background pixel data corresponding to a background object of a
plufality of objects of the image data, and also for extracting
designated pixel data of the designated pixel and proximity pixel
data of a pixel locatedA in close preximity with the designated

pixel in the designated frame so as to generate a plurality of

relational expressions



Fig: 18 illustrates a nodel in which pixel values are expanded inthe time
direction and the period corresponding to the shutte{ b 6b§wded. 15
Fig. 19 illustrates a nodel in which pixel values are ~ é€xpan e% I'n the tine
direction and the period corresponding to the shutter tine is divided. .

Fig. 20 illustrates a nodel in which pixel values are expanded in the tine
direction and the period correspondi_pg;;l9 20 to the shutter tinme is divided.

Fig. 21 is a flowhart illustrating the processing for adjusting the anount

of ot i 0Nl ULe; ] 9 eB2eiSadhiblock di egramddiaistratipg.an exaupl el the

configuration of "an area speci ylng uni t 25 Fig. 23 illustrates an
| mge mg@ogmp@ eiﬁtxel déPa, COId e(%orwcnz r&@nda glqgqueeeadcbﬁrégpanagng Fig.

24 illustrates a nodel in which pixel values are expanded in the tine

di recti oRcan@nt headAlgn@deg0r B&NONAHaRE 69 tHe: ShHokenity Mpixe1di vaded. 5
Fig. 25 illustrates a nodel 1 n which pixel values are expanded in the tine
di recti oroandriiig paei ads cpratespendé ng arddo mii Reusduidtdn tHetectiondimeaded.

Fig. 26 illustrates a nodel in which pixel values are expanded in the tine
di r ect i oficandetbet iper i sodniconres pandongnditattiogt ke winidirer stebe p$ dhei ded.
Fig. 27 illustrates the conditions for determ ning the area..

plurality of objects in the real worldlconcerning the designated
pixel based on the relational expressions, wherein the relational-
expression geherating means generates the plurality of relational
expressions based on an approximation in which the mixture ratio
corresponding to the designated pixel and the proximity pixel is
uniform.

The relational-expression generating means may generate the
plurality of relational expressions based on an approximation in
which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data are uniform.

The relational-expression generating means may generate the
plurality of relational expressions based on an appreximation in
which components .of a foreground object of the plurality of
objects contained in the designated pixel data and the pioximity
pixel data change substantially 1linearly with respect to the

- positions of the pixels.
The image-capturing apparatus may further include

foreground/background separation means for separating the



Fig. 28A illustrates an exanple of the result obtained by specifying the
area by the area specifying unit 103. 15 Fig. 28B illustrates an exanpl e of
the result obtained by specifying the-area. by the ayégegﬂﬁﬁ??99%g uni t
103. Fig. 28C illustrates an exanple of the result obtained by specifying
the area by the area specifying unit 103. Fig. 28D illustrates an exanple
of the result obtained 20 by specifying the area by the area specifying
unit 103. Fig. 29 illustrates an exanple of the result obtained by
specifying the area by the area specifying unit 103. Fig. 30 is a flowhart
Il lustrating the area specifying pro@®ssing 25 Fig. 31 is a block diagram
Il lustrating another 16 Decenber 2005 - 26 configuration of the area
specifying unit 103. Fig. 32 illustrates a nodel in which pixel values are

et s i irdeq s S niboAiieh BoR EL Vgl SRRENILIE o b rmge.

tinme is divi

time s g 33 T TACes "an ‘xatbre of '
bi Mary- by et s e (A i “EPERER o8 g AT LB Moerdind (e

cal cul at i gy &t i AHL! Rd RN dat@ UahUg: bELRgrdeRai bbistt algsyd he
cal culation of a correlation value:
consisting of only background object components which form
5. the background objeét in the image data based on the mixture
ratio corresponding to the designated pixel.

The mixture-ratio detection means may detect the
mixture ratio-by solving the plurality_éf felational
expressions accordiné to a method of least squares.

10 In correspondence with a designated pixel of a
designated frame of image data, mixed pixel daté, which is
pixel data, in which a plurality of objects contained in the
imagé data are mixed, are extracted from the designated
frame and a peripheral frame around the designated frame in

15 accordance with a motion of a foregroﬁnd object which forms
a foreground of the plurality of objects. Also, in
‘correspondence with the mixed pPixel data, background pixel
daté, wﬁich is the pixel data, corresponding to a background.
object which forms a background of the pluraiity of objects,

20 'tﬁé background pixel data being associated with the t
corresponding mixed pixel data, are extrécted'from a frame
different from the frames from which the‘mixed bixel data
are extracted in accordance with a motion of the background
object. A plurality of relational expressions indicating

- 25 relationships between the mixed pixel data and the



Fig. 36A illustrates the calculation of a correlation value. 15 Fig. 36B

illustrates the palculat!dn of a correlation .value.]%HQ?Q;QQib¢§trates an
exanpl e of the binary object inmage. Fig. 38 is a block diagram _
il lustrating the 20 configuration of a tine change detector 303. Fig. 39

Il lustrates determ nations made by an area determ ning portion 342. Fig.

40. il lustrates an exanple of-determ nations made by the tinme change
.detector 303. 25 Fig. 41 is a flowhart illustrating the area specifying 16
Decenber 2005 - 27 processing perforned by the area specifying unit 103.
Fig. 42 is a flomchartﬂiljustrating‘déFaFIs of the area specifying
processing. Fig. 43 is a block diagramillustrating still another 5

configuration of the area specifying unit 103. Fig. 44 is a block diagram

i || ust r athagkgieind gifdegudathoaref ganeobust - PHRESSSIHYY thr tion 361. Fig. 45
“illustrates notion conpensation perfornmed by a notion conpensator 381. 10 .

Fi g. 46 idésfsymatess pindeilon Gompensati eatper fodieg ing o e xideon
.conpensator 381. Fig.-47 is a flowhart illustrating the area specifying
state of the plurality of objects in the real world is '
detectéd.concerning the designated pixel based on the
5 relational expressions. In the generation of the relational
expressions,'thé plurality of relational expressions are
.generated based on a first approximation in which compénents
of the foreground.object contained in the mi#ed pixel dafa
change substantially linearly with respect to tﬁe positions
10  of the pixels, and a second approximation.in which the
mixture ratio of the mixed pixel data extracted from the
designéted.frame changes substantially linearly with respect
to the positions of thé pixels.
In correspondence with a designated pixel of a
15 designated frame of the image data, pixel data of a
peripheral frame around the designated frame are extracted
- as backg;qund pixel data corresponding to a background _
bbjéct of a plurality of objecﬁs of the image data. ‘Also,
designated pixel data of the designated pixel and progimity
20 .pixel data of a pixel located in close proximity with thé |
,desighated pixel in the designated frame are extracted. A
plurality of relational expressions indicating relafionships
of the desigﬁated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated

5_25 pixel data or the proximity pixel data are genérated



processing. Fig. 48 is a flowhart illustrating details of the 15 robust
processing. Fig. 49 is a block diagramillustrating tﬁi coq;i tion of a
DegrRbes R

m xture-ratio calculator 104. Fig. 50 illustrates an e ideal
m xture ratio a 20 Fig. 51 illustrates a nodel in which pixel values are
expanded in the tine direction and the period corresponding to the shutter
time is divided. Fig. 52 illustrates a nodel in which pixel values are

expanded in the time direction and the period corresponding 25 to the
shutter time is divided. - 28 Fig. 53 illustrates a nodel in which pixel
val ues are expanded in the tinme diredd on and the period corresponding to
the shutter tinme is divided. Fig. 54 illustrates a straight line for
approximating 5 the m xture ratio a. Fig. 55 illustrates a plane for

-appr oxi matbAgetheng MXd W& IHA1Q@ P piked.. 58 hikugteatbgeid MEEtatihgthi ch
pi xel values are expanded in the tinme direction and the period
correspondi ngxtdfe Lordbe Shudeplurt® ity divbagdcEbdinSine | tast rates the

relationships of the pixels in a plurality of franes when the m xture ratio
a is cal cubaledis déigectadll iddtsiridhngs thenadeli ghatulii shxoi Xedsewldies are
| . the relational expressions. In the geﬁeration of the
5 relationél expréssion, the plurality of relational

-expressions are generated based on an approximation in which

the mixture ratio corresponding to the designated pi%el and

the proximity pixel is uniform. |

With this arrangement, the mixture ratio indicating the -

10 mixture state of a plurality of objects, such as a

background image and a moving object image, can be detected.

Brief Description of the Drawings
Fig. 1 illustrates the principle of the present
15 invention.
Fig. 2 is a block diagram illustrating an example of
the cpnfiguration to which the present ihvéhtion is’épplied.
Fig. 3 is a block diagram.illustrating an example of
the configuration of a signal processor 12 shown in Fig. 2.
20 o Fig. 4 is a block diagram illustrating the signal
processor 12.
Fig. 5 illustfates the image capturing performed by a
sensor. ' |
Fig. 6 illustrates the arrangement of pixels.

25 .. Fig. 7 illustrates the operation of a detection device.



expanded in the time direction and the period cofresponding 15 to the
shutter tinme'is divided. 'Fig. 59 is a block diagrami i t he
configuration of the m xture-ratio estimation processé#k%%%ﬁaéﬁg§§60 is a
block diagramillustrating another configuration of the mixture-ratio
calculator 104. 20 Fig. 61 is a 'flowhart illustrating the processing for
calculating the mxture ratio. Fig. 62 is a flowhart illustrating the
processing for calculating the estinmated m xture ratio. Fig- 63 is a bl ock
.diagramillustrating the 25 configuration of the m xture-ratio cal cul ator
104. 16 Decenber 2005 -- 2 9 Fig. 643itlustrates a straight line for

approximating the mxture ratio a_ Fig. 65 illustrates a plane for
approximating the mxture ratio a. 5 Fig. 66 illustrates the relationships
of the pixelsign gn pluradito & Jif aFps; e 4He drigy Ungdatio a is

cal cul at ed. 1g. 67 illustrates the rel ationships of the pixels in a

E: ural i bﬁpﬁﬁriﬂﬁ?n@ﬁ dBe8ct h@oﬂéépﬁﬁiﬁéi@o%ixﬁo@ﬁh?%@i courdd Gn$8 IS a
ock diagramillustrating the 10 configuration of the estinmated
m Xt ur eanabbPePt OCEE6O5pSRding FL@-a 69rdSiendtPhachqasamai | | ustrating the
configuration of a mxture-ratio calculator 522. Fig. 70 is a flowhart
iIIustratingﬁmheaﬁ>ahnustﬁﬂﬂes a model of an image obtained by
5_ image-capturing an object corresponding to a moving
- foreground and an object corresponding to a stationary
backgroﬁnd.
Figf 9 illustrates a background area, a foreground ared,
a mixed area, a‘covered'background area, and an uncovered
10 background area.
Fig. 10 illustrates a model obtained by expahding in
fhe time-direétion'the pixel values of pixels aligned side-~
by-side in an image obtained by image-capturing an object |
~corresponding to a stationary foreground and an the object
15 corresponding to a stationary background.
Fig. 11 illustrates a model in which pixél values are
expanded in the time direction and.the period corresponding
to tﬁe shutte; time isldivided.
Fig. 12 illustrates a model in which pixel values are
20 expanded in the time direction and the period correspoﬁdiﬁg
| to the shutter time is divided.
Fig. 13 illustrates a model in which pixel values. are
expanded in the time direction and the period corresponding
to the shutter time is divided. |

25 . Fig. 14 illustrates an example in which pixels in a



cal cul ation processing. 15 Fig. 71 is a flowhart illustrating the

m xture-ratio estimting processing by using a nodel rL hg to a
covered background area. Fig. 72 is a bl ock diagran1i}¢§§%%§¥?2802n exanpl e
of the configuration of a foreground/ background separator 105. 20 Fig.
73A illustrates an input inmage, a foreground conponent inmge, and a
background conponent inage. Fig. 73B illustrates a nodel of an input
image, a foreground conmponent image, and a background conponent image.
Fig 74 illustrates a nodel in which pixel values are 25 expanded in the
time direction and the period correspbhdi ng' 16 Decenber 2005 - 30 to the
shutter tinme is divided. Fig. 75 illustrates a nodel in which pixel values
are expanded in the tine direction and the period corresponding to the

shutter fddRydordi %&%%q-aSbEEQnggnH|5¥§Bnagﬁ§ g fRdel LPeyhich pixel

values are "expanded in the tine direction and the period corresponding to
t he shutd:@irddt®i.is divided. Fig. 77 is a block diagramillustrating an
exanple of the configuration of a separating portion 601. 10 Fig. 78A

illustrates aigex@PPLeleétlatepariné ede1dOlOYERUPS wOMRANEYididmge. Fig. -
78B il lustrates an exanple of a separated background conponent i mage. '
and a model obtained by expanding the pixel values in the
5 time direction. |
Fig. 16 illustrates a model in which pixel values are
éxpanded'in the time direction and the period corresponding
to the shutter time is divided. |
Fig. 17 illustrates a model in which pixel valueslare

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

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

15 Fig. 19 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

.Fig. 20 illustfates a model in which pixel values are
expanded in the time direction énd the period corresponding

20 to the shutter time is divided. |

Fig.-Zl is a flowChart.illustrating'the processing fér_
adjusting the amount of motion blur.

Fig. 22 is a bldck diagram illustrating an example of
the configuration bf an area specifying unit 103.

25 . Fig. 23 illustrates an image when an object



Fig. 79 is a flowhart illustrating the processing for 15 séparating a

foreground and a background. Fig. 80 is a bl ock diagr i!!H?E { Ng an _
exanpl e of the configuration of a notion-blur adjustﬂﬂg uni ?g%%' Fig.. 81

illustrates the unit of processing, Fig. 82 illustrates a nodel in which.
t he pi xel values 20 of A foreground conponent inmago are expanded in the
time ..direction and the period corresponding to the shutter tine is
divided. Fig. 83 illustrates a nodel in which the pixel values of a
f oreground conponent i-mage are expang dinthetine 25 direction and the
period corresponding to the shutter tfrne - 31 is divided. Fig. 84
illustrates a nodel in which the pixel values of a foreground conponent.
image are expanded in the tine direction and the period corresponding to
the shutteredporelirhy it di viidiestyrdugl 865 niddimfrates a nodel .in which the
pi xel values of a foreground conponent inmage are expanded in the tinme
direction arfda.h@4peéiilostoartess pomdided tim wheéchhptiked wiedeesi sréi vi ded. 10
Fig. 86 illustrates an, exanple of another configuration of the notion-blur
adj ust i expanded 106 tiE ¢ingAirect fdrowohrithe [Hegsitadatdanyasperptioeessi ng f or
adj usting the amount of notion blur contained in a foreground. conponent
i mge pet fEr e uhEathd imst i ioh-bivided .
5 Fig. 25 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 26 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
10 to the shutter time is divided.
Fig. 27 illustrates the conditions for determining the
ared.
Fig. 28A illustrates an example of the result obtained
‘by specifying the area by the area specifying unit 103.
15 Fig. 28B illustrateé an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28C illustrates an example of the result obtained
by sﬁecifying the area by the area specifying unit 103.
Fig. 28D illustrates an example of the result obtained
20 by specifying the arealby the area specifying unit 103.
Fig. 29 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 30 is a flowchart illustrating the area specifying

processing.

25 . Fig. 31 is a block diagram illustrating another



15 adjusting unit 106. Fig. 88 is a block diagramillustrating an exanple
of 'another configuration of the notion-blur adjustl un|t 9? Fig. 89
illustrates an exanple of a nodel in which the relatl Détween pi xel
val ues and foreground conponents 20 are indicated. Flg. 90 illustrates the
cal cul ati on of foreground conponents. Fig. 91 illustrates the cal culation
of foreground conponents. 25 ..Fig. 92 is a flowhart illustrating the
processing for, 16 Decenber 2005 - 32 elimnating notion blur contained in
a foreground. Fig. 93 is a block diagramillustrating anot her
configuration of the function of the2% gnal processor 12. . Fig. 94
illustrates the configuration of a synthesizer 5 1001. Fig. 95 is a block
diagramillustrating another configuration of the function of the signal

Pr-0Cess Qlonlid gyl ?Q1086?Estﬁeb598$ ghégiﬁg%%#|&§££aih§g still another

configuration of the tunction processor 12- 10 Fig. 97 is a

bl ock di agragy |I§ys£igﬁ the £ gurat i X Jat).Q cal cul ator
1101. Fig. 98g|s a bIoc.Q%?agra qﬂ%?ustragﬁﬂggg égl h#ﬁghfitlon of a

foregr0@&@@5@%&9&ﬁUﬂHeS%@ﬁéaHQEeé%an e tﬁ@‘ﬁérfbﬁﬂégﬁrégﬁgﬂ&gﬂg
illustrating still another _ ,
to the shutter time is divided.
5 Fig. 33 illﬁstrates an example of a background image.
Fig. 34 is a block diagram lllustratlng the
-conflguratlon of a binary-~object-image extracting portlon
302.
Fig. 35A illustrates the calculation of a'corfelation
10 wvalue.
Fig. 35B illustrates the calculation of a correlation
value, | |
Fig. 36A illustrates the calculation of a correlation
value.
i5 Fig. 36B illustrates the calculation of a correlation
value. |
Fig. 37 illustrates an example of the binary object
'imagé. |
Fig. 38 is a block diagram illustrating the
20 configuration of a time change detector 303.
Fig. 39 illustrates determiﬁations made by aﬁ area
determining portion 342. |
Fig. 40 -illustrates an example of determinations made
by the time change.detector 303.

25 . Fig. 41 is a flowchart illustrating the area spécifying



15 configuration of the function of the signal processor 12. Fig. 100 is a
bl ock diagramillustrating the configuration of a m res hggcal cul at or
1101. Fig. 101 is a block diagramillustrating still gigtﬁeﬂg&bgb ' .
configuration of the function of the signal processor 12. 20 Fig. 102
illustrates the configuration of a synthesizer 1201. Fig. 103 is a bl ock
diagramillustrating still another configuration of the function of the

-signal processor 12. 25 Best Mdde for Carrying Qut the Invention - 3 3 -

Fig. 1 illustrates the principle of the present invention. As shown in

"Fig. 1, a first signal, which is inPdrmation of a real society 1 having a

space and a tine axis, is obtained by a sensor 2, and is forned into data.
5 Data 3, which is the detection signal obtained by the sensor 2, is

i nf or mapebe HH1 3% PYrREQI 8¢ ENE dREa | SpEIBSin @hicthesreal society 1
onto a time space having a dinmension |ower than the real society.

Accor di ngl y Fithe 4o gj£ci el duifraimmtiiamnstas tding Adt=0n £ s athabw e
projection. 10 other words, the data 3 output fromthe sensor 2 has

di st ort specid¥indg gspecésddndghe i nformation of the real society 1. Although
the data 3 has distortion caused by the projection, it contains '
si gni fi cant Hinf.ordfatisor fiodro cke eliragntainn g 1flars tirae iohics tsaritlilornothesccor di ngl y,
in the present i-nvention, by performng signal processing on the data

out put ¢eofiqumea o ovf 2ty @rea specifying unit 103.

Fig. 44 is a block diagram illustrating the -
configuration of a robust-processing portion 361.
Fig. 45 illustrates motion compensation performed byva
motion compensator 381.
10 Fig. 46 illustrates motion compensation performed by
the motion compensator 381.
Fig.- 47 is a flowchart illustrating the area specifying'
processing.
Fig..48 is a flowchart illustrating details of the
15 robust processing.
Fig. 49 is a block diagram illustrating-the
configuration of a mixture-ratio calculator 104.
-Fig. 50 illustrates an exampie of the ideal mixture
ratio o.
20 - Fig. 51 illustrates a model in which pixel values aré
 expanded in the time direction and the period ¢corresponding
to the shutter time is divided.
Fig. 52 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

- 25 to the shutter time is divided.



si.gnal processor 4, significant information can be extracted. By using this

significant information,. the distortion can be renoyef.. L&y or

adjusted. 20 . Fig. 2 illustrates. an exanple of the goﬁflgura?Pg% of a

si gnal processing apparatus to which the present invention is applied. A |
sensor 11, which is forned of, for exanple, a video canera, captures an

image of the real society, and outputs the obtained inmage data to a signal
processor 12. 25 The.signal processor 12,.which is formed of, for exanple,

a' - 34 personal computer, processes the data input fromthe sensor 11,

adj usts the amount of distortion caus# by the projection, specifies the

area in which significant information is enbedded by the projection,

extracts the 5 significant information fromthe specified area,

processes {nesiqipuly d3hashasedson xgnQ&eEX&ﬁa&flEQhS%QQé exaﬁllﬁes AE{?OF mat i on.

The above-described significant ormation IS e mxture

rati o, vdigdhdsy dirsayssednhe |diWect:_kL%n| tan@la@_hgep%glﬂélf’ldgofgegﬁ?ﬁ
ni ormati on

information indicating the area in which the Sig i cant

enbeddedtdythe tditittedj @GlicOn sl Aiaakai.ned is al so significant information.
The area information, which is described bel ow, corresponds to the '

si gni fi cant Enborﬁatuomus&Eaihe ar sara Nghbi Thné heosi LY Ad:cattidgy or mat i on
is contained is, for exanple, a m xed area, which is discussed below.
5 the mixture ratioc «.
Fig. 55 illustrates a plane for approximating the
mixture ratio «o.
Fig. 56 illustrates a model in which pixel values are -
expanded in the time direction and the period corresponding
10 to the shutter time is divided
Fig. 57 illustrates the relationships of tho pixels in
a plurality of frémes when,the.mixture ratio o is calculated.
Fig. 58 illustrates a model in wﬁich pixel wvalues are
expanded in thertime direction and the period corresponding
15 to the shutter time is divided.
Fig. 59 is a block diagram illustrating the
configuration of the mixfofé—ratio estimation processor 401.
’Fig.l60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.
2Q ' Fig. 61 is a’flowchart illustrating the processing for
calculating the mixture ratio. -
Fig. &2 ié a flowchart illustrating the processing for
‘calculating the estimated mixture ratio. |
Fig. 63 is a block-diagram illustrating the

25 configuration of the mixturewratio calculator 104.



The signal processor 12 is configured, for exanple, as shown in Fig. 3. A
CPU (Central Processing Unit) 21 20 -executes various fypes erBbgsessing
according to prograns stored in a ROM (Read Only Menory) or Ina -
storage unit 28. Prograns executed by the CPU 21 and data are stored in. a
'RAM (Random Access Menory) 23 as required. The CPU 21, the ROM 22, and the
RAM 23 are connected to each other. by a 25 bus.24. 16 Decenber 2005 -- 3
5 - An input/output interface 25 is also connected. to the CPU 21 via the
bus 24. An input unit 26, which is forned of a keyboard, a nouse, a

m crophone, and so on, and an output29unit 27, which is forned of a

di spl ay, a speaker, and so on, 5 are connected to the input/output ‘
interface 25. The CPU 21 executes various types of processing in response

to a  commanginnu {Qrad e dnuts ity 26, ; Jhe (RU-2L e, quputs an
i mage or- sound obtai'ned as a result o e ‘processih§ 05 The 0t put unit

27. 10 {he siQrapge Hoiio 28 connected to the input/output interface 25 is
fornmed of, for exanple, a hard disk, and  stores progranms executed by the

CPU 21 and viayd Ous; 1) tHa t kA p1ANCOPRNLERL LD NERI h 2 Engommuni cat es
with an external -device via the thernet or another network. In this

exanpl emidbutdergo@upi cation unit 29 serves as an obtaining unit for
obtai ning an output of a sensor. Alternatively, a program may be obtai ned

vi a & he Fig. 66 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio a is calculated.
Fig. 67 illustrates the relatioﬁships of the pixels in
a plurality of frames when the mixture ratio o is calculated.
Fig. 68 is a block diagram illustrating the
10 configuration of the estimated mixture-ratio processor 501.°
Fig. 69 is a block diégram illustrating the |
configurdtion of a mixture-ratio calculator 522.
Fig. 70 is a flowchart illustrating the mixture-ratio
calculation processing.

15 ~Fig. 71 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
coveréd backgrouhd area.

Fig. 72 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.

120_ - Fig. 73A illustrates an.input,image, a foregréund
component image, and a background component image.

Fig. 73B illustrates a model ofran input image, a
fofeground component image, and a background component image.
Fig. 74 illusﬁrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



communi cation unit 29 and stored in the storage unit 28. A drive 30
connected to the input/output interface 25 20 drives €%§0&§sk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nenory 54, or
the like, when such a recording mediumis attached to the drive 30, and
obtains a programor data stored in the corresponding nedium The obtained
programor data is transferred to the 25 storage unit 28 and stored therein
if necessary. 16 Decenber 2005 - 36 By taking a nore specific exanple, a
description is now given of a signal processing apparatus which perforns
processing', such as specifying an-ard@a-having significant information
enbedded therein or-extracting significant 5 information enbedded therein
from data obtai ned by a sensor. In the subsequent exanple, a CCD |ine

sensor Qi 3ECRLALRR, $SRSOL CQLLEgRQNds to the sensor, the area

information or the mxture ratio corresponds to the significant

Jinformation, pigndzéher i xt KL StRLROL1 & A %ﬁﬂ%&ndfﬂ%@ gound or 10

notion blur in"a mxed area corresponds to ortion. is a block

di agr ameidpameietiat hngntheiskgaakecRl8RCSRQ! A< pbli89ess ARLsp@idialy Whet her
the individual functions of the signal processor 12 are i1nplenented by -

har dwar @ corchd5saattuar eiméhat Esvitibe. bl ock diagrams of this specification
may be hardware bl ock di agrans. or software functional block diagrans.
5 Fig. 76 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided. |
Fig. 77 is a block diagram illustrating an example of
the configuration of a separating portion 601.
10 . Fig. 78A illustrates an example of a separated
foreground component image.
Fig. 78B illustrates an example of a separafed
background component image.
Fig. 79 is a flowchart illuétrating the processinglfor
15 separating a foreground and a background. -
Fig. 80 is a block diagram.illustrating an example of
the configuration of a motion-blur adjusting unit 106.
| 'Fig.'81 illustrates the ﬁnit of processing.
Fig. 82'illust£ates.a model in which the pixel values
20 of a foreground component image are expanded in the time |
- direction and the_period corresponding to the‘shutter time
is divided.
‘JFig. 83.illustrates a model in which the pixel values
of a foreground component image are expanded in the time

25 direction and the period corresponding to the shutter time



Motion blur is a distortion contained in an inmage corresponding to a
novi ng obj ect caused by the novenent of 20 an object 1.%%&%&?@665’ ed in the
real world and the inage capturing characteristics of e sensor 11. In
this specification, an imge to be captured corresponding to an object i.n
the real world is referred to as an inmage object. 25 An input inmage
supplied to the signal processor 12 is 16 Decenber 2005 - 37 supplied to an
obj ect extracting unit 101, an area specifying unit 103, a m xture-ratio
calcul ator 104, and a foreground/background separator 105. The obj ect
extracting unit 101 extracts a rou@h%lwﬁge 5 object corresponding to a
foreground object contained in the input inmage, and supplies the extracted
i mge object to a notion detector 102. The object extracting unit 101 ,
det ect s,is ddriexarpl e, an outline of the foreground i mage object contained
in the input image so as to extract a rough image 10 object corresponding
to the' foregfbanddébjettstifatenhy ecddekt irmcthinch urhd dildelextalastss a rough
i mmge object corresponding to a background object contained in the input
i mge, a&fdasdppepesuntecerpprachedinaggeant| egpandedhen tine i oimalet ector 102.
The object extracting unit 101 15 extracts a rough i mage object
correspéidefRios apeé thackgréoaddcobrespondiing te obthexamptiesr tthiengli f f er ence
between  the input imge and the extracted i nage object correspondi ng
5 is divided.
- Fig. 85 illustrates a model in which the pixel wvalues
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.
10 - Fig. 86 illustrates an ‘example of another configuratidn
of the motion-blur adjusting unit 106.
Fig. 87 is a flowchart illustrating the processing for
adjusting the amount of motion blur contained in a |
foreground component image performed by the motion-blur
15 adjusting unit 106.
Fig. 88 is a block diagram illustrating an example of
another configuration of the motion-blur adjusting unit 106.
AFig. 89 illustrates an example of a model in which the
relationships between pixel values and foreground components
20 are indicated.
Fig. 90 illustrates the calculation of foreground
components.
Fig. 91 illustrates the calculation of foreground

components.

25 - Fig. 92 is a flowchart illustrating the processing for



to the foreground object. Alternatively, for exanple, the object extracting

unit 20 101 may extract the rough i nage object correﬁgﬁggiﬂ%. he
foreground object and the rough i mage object corresponding ob@%%
background object fromthe difference between the background i nage stored

in a built-in background nmenmory and the input inmage. 25 The notion

detector 102 calculates a notion vector of 16 Decenber 2005 - 38 the
roughly extracted i mage object corresponding to the foreground object
according to a technique, such as bl ock mtching, gradient, phase
correlation, or pel-recursive technisgue, and supplies the cal cul ated
notion vector and the 5 notion-Vector positional information (which is
information for specifying the positions of the pixels corresponding to

th t to th fyi t.103, th t t
cal cul at T IOR AT R RS B 251 6PLy %4'3@?%%8' EAFEIE08 10 The mot | on

vect or outpu% he.nntl dq&ector contalns inf.Qr.mati on
n% Is a ram ﬁ%} ano e
correspondlng e anDun ent™ V. éctor 102 may

out put. Lae, (130D ¥ECLOT AL %aﬁéta U5eOPhECh:s ggggpcfé 4 {he pixel

posi ti onal ornatlon or spec yi ng t e i mage. obj ect,

Lo the motiopsgl ujsag] tsti AOedd!dnd Qbnsl %J@g@taﬂ & TRYETRRL kS @ val ue
indicating a
5 1001.
Fig. 95 is a block diagram i11llustrating another
configurétion of the functibn of the signal processor 12.
Fig. 96 is a block diagram illustrating still another
configuration of the function of the signal processor 12-7
10 Fig. 97 is a block diagram illustrating the
configuration of a mixture-~ratio calculator 1101.
Fig. 98 is a block diagram illustrating the
configuration of a foreground/background separator 1102.
Fig. 99 is a block diagram illustrating still another
15 configuration of the function of the signal processor 12.
Fig. 100 is a block diagram illustrating the
configuration of a mixture-ratio calcﬁlator 1101.
Fig. 101 is a block diagram illustrating still another
configuration of the function of the signal processor 12.
20 | Fig. 102 illustrates the configuration of a synthesizer
1201.
Fig. 103 is a block diagrém iilustrating still another

configuration of the function of the signal processor 12.

25 Best Mode for Carrying Out the Invention




positional change in an inmage corresponding to a noving object in units of

the pixel pitch. For exanple, if an- 20 object inage c fﬁ?ﬁﬂﬁgi to a
foreground is noving such that it is displayed at a g%si I on Fggi pi xel s

away froma reference frane when it is positioned in the subsequent _
frame, the anount of novenment v of the object inmage corresponding to the
foreground is 4. 25 The object extracting unit 101 and the notion detector
-- 39 102 are needed when adjusting the anount of notion blur
corresponding to a noving object. The area specifying unit 103 determ nes
to which of a foreground area, a bagkground area, or a m xed area each 5
pi xel of the input inmage .belongs, and supplies information indicating to
whi ch area each pixel belongs (hereinafter referred to as "area

infornatiowp to thﬁ i

. m xture-ratio__cal cul,ataor 4, the
foreground/bé%%gﬂbd'&iggﬁﬁpéf%ﬁﬁfbg?jéﬁHIHfhgfn%%ﬁbﬁfﬁﬁﬁPtadjusting unit -

106 10, Thenplxhur extabhggal sutat oy 108 £ALGUI A g Ml e ratio

correspondri ng t he pi'xel's co hed in amxe ereinafter

refer ety b0 RS LE oF1XILCE 0L A8 )1 HARAthy On Sie.d Ty J mage, the ot on

vector and the positiona I nfor mat1 on supplie romthe notion
det ect 0£x 182, 1 5o Adre By €8 4Bl | A SuRPldfithdd Amdeianea specifying

unit 103, and supplies the mxture ratio "a to the foreground/background
sepdr atpitd 09, WiEcHN X Ufige I & @idi @i@’rﬁﬂlu%ﬂﬂ'ﬂiirﬁa%i itﬂﬂ tihie seakbe of

2, igrinformation obtained by projecting the information of
.thelreal society 1 onto a time space having a dimension
lower than the real soéiety. Accordingly, the projected
information has distortion caused by the projection. In

10 other words, the data 3 output from the sensor 2 has
distortion with respect to the information of the real
Sociéty 1. Although the data 3 has distortion caused by the
projection, it contains significaﬁt'information for
correcting for the distortion.w

15 Accordingly, in the present invention, by performing
signal processing on the data output froﬁ the sensor 2 by a
signal processor 4, significant information cah'be extracted.

By using this significant information,_thé'distortion

can be femoved, reduced, or adjusted.

20 :'Fig. 2 illustrates an example of the configuration of a
signal processing apparatus_to which the present invention
is applied. A sensor 11, which is formed of, for example, é
vidéo.camera; captures anAimage of the real society, and
outputs the obtainéd image data to a signal processor 12.

25 The.signal‘processor 12, which i1s formed of, for example, a’



t he i mage conponents corresponding to the background obj ect

20

(hereinafter also be referred to as- "background corrpo%%&ﬁbér%éﬁe pi xel

val ue as expressed by equation (3), which is shown be
The. f or egr ound/ background separator 105 separates the inpu

t imge into a

foreground conponent inmage fornmed of only 25 the inmage conmponents

corresponding to the foreground object, 16 Decenber 2005 -

al so be referred to as "foreground conponents”) and a back
i mge fornmed of only the background conponents based on th
information supplied fromthe area specifying unit 103 and

40 (hereinafter
ground conponent
e area
the m xture

ratio a 5 supplied fromthe mxture-ratio cal culator 104, and supplies the

f oreground conponent image to the notion-blur adjusting un

sel ect o[ReJIO{Gna h%o%zj%q:req:t ed for e%(e%u%g nponent
final output. nor p

réc'ggcﬁgregrouﬁd%%ﬁa %38%5:%%%% gg%
g 10 i 11 ) !
conpar eduf,i eagﬁ v‘ﬁ%n% %to!agfeér I wﬁ%re&oﬁ éatl%sgglﬁueﬂean

are specl out consi Ing the m xed area. e noti

it 106 and a

be set as the
B&" 9Bt ai ned

d a background
on- bl ur

adj usti ng-diide ;106 defeesimiRes thie ayakt ;g wﬂaeﬁemﬂgfkaghﬁati ng at |east

- one pixel contained in the foreground conponent image

ased on the amount

of novengitorhatlienoliaiched ik Nenaobi-8R1e¢ha! apd -haggdcRe the area

information. The unit of processing is data that specifies
pi xebs tsidid fdinectiedor-RathennBkbAnthbUbpeadfusinBRES, or

processes the-input data based on the extracted sign
information.

The above-described significant information is,

example, the mixture ratic, which is discussed below

a group of

ificant

for

io It can be consideredvthat the information indicating

the area in which the significant information embedded by

. the projection is contained is also significant information.

The area information, which is described below, corresponds

to the significant information.

15 The area in which the significant information is

contained is, for example, a mixed area, which is discussed

below.

The signal processor 12 is configured, for example, as

shown in Fig. 3. A CPU (Central Processing Unit) 21

20 executes various types of processing according to programs

stored in a ROM {(Read Only Memory) 22 or in a stofage 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

25 bus. 24.



Based on the anobunt by which the notion blur is to be 20 adjusted, which
is input into the signal processor 12, the foregroungkgﬁﬂgl Qbognage
supplied fromthe foreground/ background separator 105, e notion vector.
and the positional information thereof supplied fromthe notion detector.
102, and the unit of processing, the notion-blur 25 adjusting unit 106

adj usts the anount of notion blur 16 Decenber 2005 contained in the

f oreground conponent inage by renpbving, decreasing, or increasing the
notion blur contained in the foregr%gnd conponent image. The notion-blur
adjusting unit 106 then outputs the”foreground conponent inmage in which 5
anount of notion blur is adjusted to the selector 107_ it is not essenti al
that the notion vector and the positional information thereof be used. The
sel ector 107Aselwuits/@ngpwad itritee dfagrafunics onp eeniedtraigecstippl i ed from
t he foreground/ background 10 separator 105 and the foreground conponent

i mge i iPUhE¢hvihethavoms 4. nodn obnyhtirun st aZi§ ustteikls uipplficethdd @f t he
notion-blur adjusting unit 106 based on, for exanple, a selection signa
ref | ect Bnfjerbased, sasepesti o, mbedopuepeit sand heo sant ectrell Froraground o
conponent_inage. 15 An input inmage supplied to the signal processor 12 is
di scusseBlibel ow vhiahr&s eferred tof R gélsBlany cugipeakelr gnd S9 [ofst r at es
inagg capturing performed by a sensor. The sensor 11 is formed of, for

exampl e3X'8 €erRecERdr be- Eaeplerr e Eryt vinlerr kagr e pr Fiad&dUnidih a ccD

. executes various types of processing in response to a

command input. from -the input unit 26. The CPU 21 then
outputs an imége or sound obtained as a résult 0of the
processing to the output ﬁnit 27.

10 The storage unit 28 connected to the input/output
interface 25 is formed of, for example, a hard disk, and
stores programs executed by the CPU 21- and various types of
data. A communication unit 29 communicates with an external

'7 device via the Internet or another network. In this example,

15 the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

: Alternatiﬁely, a program may be obtained via the
commﬁnication unit 29 and stored in the storage unit 28.
A drive 30 connected to the.input/outPUt interface 25

20 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached t§ the drive 30,
and obtains a program or data stored in the corresponding
mediumT .The obtained program or data is‘transferred to the

- 25 sto;ége unit 28 and stored therein'if necessary.



20 area sensor, which is a solid-state inmage-capturing device. An object
111 corresponding to a foreground in the real mnrld anpl e,
horizontally. fromthe left to the right, between an o 8%@?&%%8@%
corresponding to a background and the sensor. 25 The sensor .11 captures
the i mage of the object 111 16 Decenber 2005 42 corresponding to the .
foreground together with the i mge of the object 112 corresponding to the
background. The sensor 11 outputs the captured inage in units of franes.
For exanple, the sensor 11 outputs an image having 30 franmes per 5 second..
The exposure tine of the sensor 11 €atwbe 1/30 second- The exposure tine
is a period fromwhen the sensor 11 starts converting input light into

el ectrical charge wuntil when the conversion fromthe input light to the

| ectrical f | 10 ref dt
& Tohuttor PRer b SghBPE, spPT e X ARG 8 F 0SS Oh IR & TR o 5,

A thr OUGH e Rk %atsqgaaq b@%‘c\és%li?lléq Rl S e, IhG Ebﬁegarfsmsd' sposed on a

pl ane of a correspondi ng i mage tection eV|c correspondi ng to each

pi xel | priceReSee,0Ruth h@esﬁ%ﬁig&l%%‘aﬂh%Qe%hﬁa§gﬂaoél&ﬂlﬁ§égﬂfns | mage

capturing, each detection device outputs a pixel value”of
cor r espandioigapiisgl ehbeakea the reTRger EQ%rSééﬂHbGSl?H§f189ﬁtt'0” of the

detection device in the X direction corresponds to fhe horizontal
di r et i dmformbhéonmegbeddbidl €herein from data obtained by a sensor.
In the subseqﬁent example, a CCD line sensor or a CCD area
sensor corresponds to the seﬁsor, the area.information or
the mixture ratio corresponds to the significant informa£ion,
and tﬁe mixture state of a foreground and a background or
10 motion blur in a mixed area corresponds to distortion.
Fig. 4 is a bloék diagram illustrating the signal
Drocessor 12. |
It does not matter whether the individual Ffunctions of
the signal processor 12 are implemented by hardware br
15 software. That is, the block diagrams of this specification
may be hardware block diagrams or software functional block
diagrams.
‘Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of
20 an'ohject to be captured in.the reél world and the image-—
capturing characteristics of the sensor 11.
In this specification, an image to be captured
corrésponding to an-object in the real world is referred to
as an image object;

25 . An input image supplied to the signal processor 12 is



20 the position of the detection device in the Y direction corresponds to
the vertical direction on the imge: As shown in Fig % eﬁ%a) Getion
device, which is, for exanple, a CCD, converts input Tig Into electrlcal
charge during a period corresponding to a shutter tinme, and stores 25 the.
converted el ectrical charge. The anobunt of charge is 16 Decenber 2005 - 43
al nost proportional to the intensity of the input light and the period for
which the light is input. The detection device sequentially adds the

el ectrical charge converted fromthe input light to the stored electrlcal
charge during 5 the period correspondi’ng to the shutter tinme. That is, the
detection device integrates the input |light during the period
corresponding to the shutter tine and stores the electrical" charge

correspeagpngetiotbhgnadBy8bt Obxt PAEEIAG &gl + ONG1, | 4nCAReDE considered that
the detection device has 10 an integrating function with respect to tine.

The el especealinfangetsiosedaimikberdet£eio ofatoyl£€or S10£0MMRItLd into a
voltage value by a circuit. (hot shown), and the voltage value is further
convert €dregtoundpbaekgraling, sepachtes Mg tal data, and is output.

Accordi ngly, each 15 pixel value output fromthe sensor 11 is a val ue

proj ected dfha dhjwmar epace;tity aniits 18 Ir esttirtacdfs iantregrcat iimgga certain

t hr ee- di nensi ohal . portion of the object corresponding to the foreground or
t he Sackpi eghdcerrasperdpegt to o2 t fereduaumet abiwct contained in the

input image, and supplies the extracted image object to a

motion detector 102. The object extracting unit 101 detects,

for example, an outline of the foregréund image object

contained in the input image so as to extract a rough image
10 object corresponding to the foreground object.

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

15 extracts a rough image objeét corresponding to the
background object. from, for example, the difference between
the input image and the extracted image object corresponding
to tﬁe foreground 6bject.

Alternatively, for example, the object extracting unit

20 101 may extract the rough image object correspondlng to the
foreground object: and the rough image object corresponding
to the background object from the difference between the
background image stored in a built—-in background memory and
the input image.

25 . The motion detector 102 calculates a motion vector of



20 The signal processor 12 extracts significant infornation enbedded in
the output signal, for exanple, the- mxture ratio a, e&%}ﬁb?ﬁ‘

operation of the sensor 11. The signal. processor 12 ad usts the anDunt of
di stortion, for exanple, the anpbunt of notion blur, caused by the 25

m xture of the foreground i mage object itself. The signal, 16 Decenber 2005

- 44 processor 12 also adjusts the amount of distortion caused by the
m xture of the foreground i mage obj ect and the background imge object.
Fig. 8Aillustrates an i nage obtained by capturing a 5 novi ng object
corresponding to a foreground and & s#ati onary object corresponding to a
background. in the exanple showmn in Fig. 8A, the object corresponding to
the foreground is noving horizontally fromthe left to the right with

reSpeCttthrBBSh§§r8§@raéQeE'Qmaﬁg bbﬁéékr@EE |ne ??ﬁ%o@gaENQd by

expandi ng pi x al ues correspondi ng”to one e 1 mage shown in

Fig. Séok@gkﬁﬁnﬁlHBJQbEeﬁEbBEdlﬁBetBOQ'%@8E§hqgére§&éﬂ"h§rﬁwwbkn Fig. 8B
corresponds"to the spatial direction X in A. The val ues of the pixels

in the haekghiayndganadeate pﬂéséOéHEQeQﬂ£Yoﬁf06}t 81 baskgr oupsl conmponents,
that is, the inmage conponents corresponding to the background object. The

val ues @échheqaexehﬁdl Buppeiéerege obatcal £oedlRof DoteceOdy Andnttide
foreground conponents, that is, the imge conponents corresponding to the
f or egr omntdiohjeettor positional information (which is information

for specifying the positions of the pixels corresponding to

' the motion vector) to the érea specifying unit 103, the
mixture-ratio calculator 104, and a motion-blur extracting
unit 106.
10 The motion vector output from the motion detector 102

contéins information corresponding to the amourit of movement

V.

The motion detector 102 may output the motion vector of
each image object, together with the pixel positional

15 information for specifying the pixels of the image object,
to the motion-blur adjusting unit 106.

The amount of movement v is a value indicating a
posiiional change in an image corresponding to a moving
object in units of the pixel pitch. Fof example, 1f an

20 objéct image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a
'réference frame whén it is positioned in the sﬁbsequent
fréme, the amount of movement v of the object image
corresponding to the foreground is 4.

25 .. The object extracting unit 101 and the motion detector: -



The val ues of the pixels of the mxed area are formed fromthe background
conponents and the foreground conponents. Since the pi xel s
in the mxed area are forned fromthe background conpgﬁgh %ﬂ%%gb@ﬁe _
foreground conponents, it nmay be referred to as a "distortion area". The
‘mixed 25 area is further classified into a covered background area 16
Decenber 2005 - 45, and an uncovered background area. The covered
background area is a mixed area at a position corresponding to the |eading
end. in the direction in which the foreground object is noving, where the
5 background conponents are graduall $9cevered with the foreground over
~time. In contrast, the uncovered background area is a m xed area
corresponding to the trailing end in the direction in which the foreground

0D ect. 4 62 "BYE o o MPNh D PALKOT Y o UhSHRONEH S oLl y appear over

time. As discusse ove, t I mage containing t oregroun area, the

backgr odie&5Sana P LIS LSS QQ&ﬁggpynd area or the uncovered
backgroundraf%é?is,?nput into the area specifying unit 103, the

m xture-rat it @ apicilAnanghitl 3 dhadiaineundbbaskgnhodrdaseparat or
105 as the input image. Fig. 9 illustrates the background area, the

f or egr otk g @and td¥ed) X haf ot LAVE) afk RAGK QUG- @& crand t he
~uncover ed background area di scussed above. In the areas corresponding to
t he 5i mggexshoh) titte ArputBAmdde Wslckgfounchd supplies information ‘
indicating to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background sepérator 105, and
the motion-blur adjusting unit 106.

10 The mixture-ratio calculator 104 calcﬁlates the mixture
.ratio corresponding to the pixels contained in a ﬁixed area
63 (hereinafter referred to as the "mikxture ratio a") based
on .the input image, the motion vector and the positional
information thereof supplied from the motion detector 102,

15 and the area information supplied from the area specifyihg
unit 103, and supplies the mixture ratio a to the
foreground/background separator 105.

fhe mixture ratio o is a value indicating the ratio of
the image components corresponding to the background object

20 r(hereinafter also be referred to as "background componeﬁté")
to the pixel wvalue as expressed by equation (3}, which is
shown below.

The foreground/background separatof 105 separates the
input imége into arforeg:ound component image formed of dnly

25 the image components corresponding to the foreground object



20 area is a stationary portion, the foreground area’is a noving portion,
t he covered background area of the mxed areais ap i hanges
fromthe background to the foreground, and the uncovgégﬁaﬁg%gg@gﬁnd area
of the mxed area is a portion that changes fromthe foreground to the 25
background. 16 Decenber 2005 - 46 Fig. 10 illustrates a nodel obtained by
expanding in the time direction the pixel values of the pixels aligned
side-by-side in the image obtained by capturing the inmage of the object
corresponding to the stationary foreground and 5 the i mage of the object
corresponding to the stationary background. For exanple, as the pixels

al i gned side-by-side, pixels-arranged in one |ine on the screen can be

sel ected. The pixel values indicated by FO1 through FO4 shown in Fig. 10
are val ugsr@fi nhecpi xeks par E@feggganeotgsthfopé £6tnd - dOuBbnddies st ationary
foreground. - The pixel values iIndicated by BOL through-B04 s%omn in Fig. 10

are val ugst af bhBRgPb¥AHS cofpbhenRONELHE £Orhbe §b) 861y 0fndhe stationary

background. Tinme elapses fromthe top to the bottomin Fig. 10 in the

verti cabadkegeetih@ncbiipbhgnt30badbe pASLAE 0Ards iRLotmPridd Sipler gt he
rectangle in Fig. 10 corresponds to the tine at which the sensor 11 starts
conver t ifmgmi mpat akeghspeal 6yirgeahit chd3 ched gehe anlxtee pastié an at the
bottom side of the rectangle in Fig. 10 corresponds to the tinme at which
.. the cemppléednffomnthbenirputetighioi cdbcd hetet ebd4j cadd supplies
the fo;eground componeht image to the motion~-blur adjusting
uﬁit 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
10 to a known method in whiqh only a foreground and a
background are specified without considering the mixed area.
The-motiqn—blur adjusting unit 106 determines the unit
- of processing indicating at least one pixel contained in thg
foreground component image based on'therémount of movement v
15 obtained from the motion vector and based on the area
information. The unit of processing is data.that specifies.
a group of pixels to be subjected ﬁo the motion-blur |
adjuétments.
Based on the amount by which the motion blur is to be
20 adjusted, which is input into the signal processor 12, thé
foreground component image supplied from the |
'foreground/background separator 105, the motion vector and
the positional information thereof supplied from the motion

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

25 adjusting unit 106 adjusts the amount of motion blur



20 charge is finished. That is, the distance fromthe top5|de to the

bottom side of the rectangle in Fig. 10 corresponds rtine.
The pixels shown in Fig. 10 are described bel ow assuhﬁgk %ﬁﬁ%ﬁb@?

exanpl e, the shutter time is equal to the 25 frane size. 16 Decenber 2005
- 47 The horizontal direction in Fig. 10 corresponds - to the spati al
direction Xin Fig. 8A. Mire specifically, in the exanple show in Fig

10, the distance fromthe left side of the rectangle indicated by "FO1" in
Fig. 10 to the right 5 side of the rectangle indicated by "B04" is eight
times the pixel pitch, i.e., eight ddnsecutive pixels. Wen the foreground
obj ect and the background object are stati-onary, the light input into the
sensor 11 does not . change during the period corresponding to the shutter

time. 1BoAReineni o eRkr @éeeagbﬂﬂdt SofiEnahit iﬁég% By, &bl ged into two
or nore portions of equal periods. For exanple he nunb of virtual

di vi deddpeetheifigl, Soft, ihBeeABYRY BhOWAoti8n FbBur10c680iReq r &prasent ed by
t he nodel shown in Fig. 11. The nunber of virtual divided portions can be

set acc6odbggodhdt GokpenafeURagé . MOYREERSt VoREbl HE Q@%@é‘vﬁu@rdrﬁﬁ@ond' ng to
the foreground within the shutter tinme. For exanple, nunber of virtual

di vi ded1p6rthensouspses thedfovhegritied acmpidhet IMYGIEIM which 4, and the
perlod corresponding to the shutter time is divided into four portions.
amount of motion blur is adjusted to the selector 107. It
is not essential that the motion vector and the positional

information thereof be used.

The selector 107 selects one of the foreground
component image supplied from the foreground/background

-10 separato; 105 and the foreground component image in which
the amount of motion blu; is adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected fofeground compohent image.

15 An input image supplied to the signal processor 12 is
discussed below with reference to Figs. 5 through 20.

Fig. 5 illustrates image captﬁring performed by a
sensdr. The sensor 11 is formed of, for example, a CCD
(Charge—Coupléd Device) video camera provided with a CCD

20 area sensor, which is a solid—state.image—capturiﬁg devicé.
An objgct 111 correspondingrto a foreground in the real
world moves, for.example, horizontallylfrom the left to the
right, between an object 112 corresponding to a background
and the sensor. |

25 The sensor 11 captures the image of the object 111



20 The uppernost line in Fig. 11 corresponds to the first divided period
fromwhen the shutter has opened. The second |I|ine inyH esponds
to the second divided period fromwhen the shutter hggb%%§@%529¢£e third
line in Fig. 11 corresponds to the third divided period fromwhen the 25
shutter has opened. The fourth line in Fig. 11 corresponds.. 16 Decenber
2005 - 48 to the fourth divided period fromwhen the shutter has opened.
The shutter tine divided in accordance with the anpbunt of novenent v is
al so hereinafter referred to as the 5 "shutter t inme/v". Wen the object
corresponding to the foreground i s~ $fationary, the light input into the
sensor 11 does not change, and thus, the foreground conponent FOl/v is
equal to .the val ue obtained by dividing the pixel value FO by the 10
hunber @l rdesblal i fyVidednBOELERSouRl MEbGEE Yer WiEH, thee ARI&SStor

corresponding to the foreground is stationary, the foregrouhd conponent

FO2/v i shequalicte the valuespbhaingdrdyrHé vbging e Pi xphe vl g, FO2 by the

nunber of virtual divided portions, the foreground conponent FO3/v is
equal tal dhtphesvaheecaptarsedifygdi vh dimpcs her pixeleyal ues#03 by the
nunber of virtual divided portions, and the foreground conponent FO4/v i$§
equal texempleal theobtasaedl byodtputs ngn invegpinatinglie fHndyy gdre nunber
of virtual -divided portions
5 'second. The exposure time of the sensor 11 can be 1/30
second. The exposure time is a period from when the sensor
11 starts converting input light into electrical charge
until when the conversion from the input light to the
electrical charge is finished. The exposure time is also
10 referred to as a "shutter time".
Fig. 6 illustrates the arrangement of pixels. In Fig.
6, A threugh 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
15_ the sensor 11. When the sensor 11 performs image capturing,
each detection device outputs a pixel value of the
corresponding pixel forming the image. For exémple, the -
posifion of the detection device in the X direction
corresponds to the horizontal direction on the image, while
20 the'position of the detection device in the Y direction
corresponds to the vertical direction on the image.
As shown in Fig. 7, the detection device, which is, for
. example, a CCD, converts input light into electrical charge

during a period correspohding to a shutter time, and stores

25 the converted electrical charge. The amount of charge is



20 When the object corresponding to the background is stationary, the
light input into the sensor 11 does not change, and tT&'ﬁvec er%&{(ground
conponent BOl/v is equal to the val ue obtai-ned by dividing e pI xel val ue
BAO by the nunber of virtual divided portions. Simlarly, when the 25 .
obj ect corresponding to the background is stationary, the 16 Decenber 2005
- 49 Dbackground conponent B02/v is equal to the value obtained by

di vidi ng the pixel value B02 by the nunber of virtual . divided portions,

t he background conponent BO3/v is equal to the value obtained by dividing
the pixel value B03 by the 5 nunber 8f virtual divided portions, and the
background conponent BO4/v is equal to the val ue obtained by dividing.

t he pixel value BO4 by the nunber of virtual divided portions. Mre

~ speci fi gahbyt phepothomd] eed €0k respanding ¢0 the 1§ argroud is
stationary, the light corresponding to.the foreground object input into

t he senshe pdrile@sfawtwichamgehe dutdgtng idheiment od Tiox réspatclidgiyg to the
shutter tinme. Accordingly, the foreground conmponent FQA /v corresponding to
the firdevpoetsaquaitidsel ghaddertie nelectriom Whdme tde dhvestidd er has
opened, the foreground conponent FOI/v corresponding to the second portion
of the Shomtehetimpiy 1iglom wherhe hetatrd telediasi gpendd rdcheldmiregr ound
component FQA /v corresponding to the third portion of the shutter time/v
f r o whehet Per sofiteerrerponpanedio die tHutftaredgrioimd That is, the

detection device integrates the input light during the
period corresponding to the shutter time and .stores the
electrical charge corresponding to the amount of integrafed
light. It can be considered that the detection device has
10 an integrating function with respect to time.
-The electrical charge stored in the detection device is
_converted into a voltage value by a circuit‘(not shown) , and
the voltage value is further converted into a pixel value,
such as digital data, and is output. Accordingly, each
15 pixel value output from the sensor 11 is a value projected
on a linear space, which is a result of integrating a
cértain three-dimensiohal portion of thelobﬁect
corréSponding to the foreground or the background with
respect to the shutter time.
20 o The signal processor 12 extracts significant
| information embedded in the_output signal, for example; the
mixture ratio a, by the storage operation of the sensor 11.
Thé‘signal pfécessor 12 adjusts the amount of distortion,
for example, the amount of motion blur, cauéed by the

25 nmixture of the foreground image object itself. The signal .



20 conponent FO1l/v corresponding to the fourth portion of the shutter

time/v fromwhen the shutter has opened becone the s e sane
applies to FO2/v through FO4/v.,as in the case of qu@e%%gﬁ%oﬁg obj ect.

corresponding to the background is 25 stationary, the light corresponding
to the background object 16 Decenber 2005 50 input into the sensor 11 does
not change during the period corresponding to the shutter tine.

Accordi ngly, the background conponent BOl/v corresponding to the first
portion of the shutter tine/v fromwhen the shutter has 5 opened, the
background conmponent B01/v correspondidhg-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 time/v from when

the ShuldiRodias,0Rened ool uae DREKILANIALCOFPANERL, B VodPs &1 poPONdI Ng

to the fourth portion of thée shutter tine

opened ReGOWE {the ST t1Rl YBregFBEndSaBaPRLY 88t QnB0RLY through BO4/v. A
description is given of the case |n-mh|cﬁ t he” obj ect corresponding to the

f or egr owadtkigi-otid Nghagied obiecehj ect 15 correspondi ng to the background is
stationary. Fig. 12 illustrates a nodel obtained by expanding in the tine

direction theigixeh valuesretes hen pinefs dkHieed IHy&agialivdi BRg a covered
background area, when the object corresponding to the foreground i s noving
to the mioghng pbject corresponding to a foreground and a stationary

object corresponding to a background. In the example shown

in Fig. 8A, the object corresponding to the foreground is

moving'horizontally from the left to the right with respect

to the écreen.

10 Fig. 8B illustrates a model obtained by expanding pixel
values corresponding to one line of tho image shown in Fig.
8A in the time direction. The horizontal direction shown in
Fig. 8B corresponds to the spatial direction X in Fig. 8A.

The wvalues of the pixels in the background area are |

15 formed only from the background components, that is, the

- image components corresponding to the background object.
‘The values of the pixels in the foreground area are forﬁed
oonly‘from the foreground components, that is, the image
components corresponding to the foreground object.

20  The values of the pixels of the miked'area are forme&
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

_25' area 1is further classified into a covered background area



20 Fig. 12. In Fig. 12, the anmount of novenent v is 4. Since one frane is

a short period, it can be assuned that the object cop !E@ o-the
foreground is a rigid body noving with constant veloéﬁgéggﬂﬁ |8$ 12, the

.0bj ect image corresponding to the foreground is noving such that it is 25

positioned four pixels to the right with respect to a 16 Decernber 2005 -
51 reference frane when it is displayed in the subsequent frane. In Fig-
12, the pixels fromthe | eftnost pixel to the fourth pixel belong to the
foreground area. In Fig. 12, the pixels fromthe fifth pixel to the
seventh pixel fromthe 5 | eft bel ong4Po—the m xed area, which is the
covered background area. In Fig. 12, the rightnost pixel belongs to the
background area. The object corresponding to the foreground is noving such

that itagpagdahhyoeoves HidegQhiestatosresponding to 10 the background
over time- Accordingly, the conponents contained in the pixel values of the

pi xel s bel ONEAAGdva Hdie batRvRicReh DIGKE A arieadchaergeaftr am t he background
conponents to the foreground conmponents at a certain time during the

peri od posiespenchngeoddicng il tigte tidmiiddg &l axand eliddwvxipmxel value M
surrounded by the thick frame in.Fig. 12 is expressed by equation (1)
bel ow. h=wBD2Hh v&IBEPT artdcfid whid- @ Me il ) i S-onoweanplhedenectd ft h pi xel from
the left contains. a background conponent corresponding to one portion of
the5 Dbackground components are gradually covered with the
foreground over time. |
In contrast, the uncovered background area is a mixeq
area corresponding to the trailing end in the direction in
which the fqreground 6bject is moving, where the background
10 components gradually appear over time.
As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the érea
specifying unit 103, the mixture-ratio calculator 104, and
15 the foreground/background separator 105 as the ;nput image.
Fig. 9 illustrates the background area, fhe foreground
area, the mixed area, thercovered background arga,_and the
untoﬁered backgrouna area discussed above. In the areas
COrresponding to the image shown in Fig. 8A, the background |
20 area is a stationary portion, the‘foieground area is a
moving portion, the covered\backg;éund area of the mixed
area is a portion that changes from the baékground to the
foreground,-énd the uncovered background area of the mixed

area is a portion that changes from the foreground to the

25 background.



20 shutter tinme/v and f oreground conponents corresponding to th.ree

portions of the shutter tinme/v, and-thus, the mxture I t he
fifth pixel fromthe left is 1/4- The sixth pixel fr%%p%%%&F% P&%ontains

background conmponents corresponding to two portions of the shutter tinme/v
and 25 foreground conponents corresponding to two portions of the 16
Decenber 2005 - 52 shutter time/v,. and thus, the mxture ratio a of the
sixth pixel fromthe left is 1/2. The seventh pix el fromthe |eft

cont ai ns background conponents corresponding to three portions of the
shutter tinme/v and a foreground compoitent 5 corresponding to one portion of
the shutter tine/v, and thus,- the mxture ratio a of the fifth pixel from
the left is 3/4. 1t can be assuned that the object corresponding to the
foreground i ;g rigieé e éiﬁk ject i mvi.ng with
constant vel géiat'yhgugﬁmﬁﬁgtra?tggi éhﬁ?ég{a%e{) ouc?%ﬁoéxlé?(ne l'rsm‘}f/c}%?he right in

the subseguenind FRctACEORFNGi%e1f Oh18X8MBECLnE NG LT §95 PHpgL. SonpOnent
FO7/v of the fourth pixel fFo%ﬁtﬁe left in Fig. 1§lcorrespond|ng-to t he

first padd-ey-efidehens kit emagenBbyaf nem gﬁ?eeaﬁbﬁriﬁkyt{:ﬁé e Qened is
equal to the foreground conponent of the fiith 15 pixel fromthe left in -
Fig. 12 wter cespetdicog reepbheisgcend thpokth oot ry heo syt dena tinme/ v from
when the shutter has opened. Simlarly, the foreground conponent FO7/v is
equab tihet Hemalger edr abrdobdrptnentrrebpbhaisg xtdh phaxestdtommdhe left in
Fig. 12 corresponding to the third portion of the shutter
background. For example, as the pixels aligned side-by-side,
pixels arranged in one line on the. screen can be selected.
The pixel values indicated by F01 through F04 shown in
Fig. 10 are values of the pixels corresponding to the object
‘10 of the stationary foreground. The pixel values indicated by
BO1 through'BO4 shown in Fig. 10 are values of the pixels
corresponding to the object of the stationary background.
Time elapses from the top to the bottom in Fig. 10 in
the vertical direction in Fig. 10. The position at the top
15 side of the rectangle in Fig. 10 corresponds to the time at
which the sensor 11 starts converting input light into
electricai-charge, and the position at the bottom side of
- the rectangle in Fig. 10 corresponds to the time at which
‘the conversion from the input light into the electricai
20 charge is finished. That is, the distance from the top side
to the bottom side of the rectangle in Fig. 10 corresponds
to the shutter time.
The pixels shown in Fig. 10 are described below

assuming that, for'example, the sﬁutter time is equal to the

25 frame size.



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

conponent of the seventh pixel fromthe left in Fig. lg cor agdrng to
~the fourth portion of the shutter tine/v fromwhen th g% as opened.
It can be assuned that the object corresponding to the 25 foreground is a
rigid body, and the foreground object is 16 December 2005 53 - - nbving with
constant velocity such that it is displayed four pixels to the right in
-the subsequent frame. Accordingly, for exanple, the foreground conponent
"FO6/v of the third pixel fromthe left in Fig. 12 corresponding to the
first 5 portion of the shutter ting/ ¢7fFom when the shutter has opened is
equal to the foreground conponent of the fourth pixel fromthe left, in
Fig. 12 corresponding to the second portion of the shutter tine/v from
when t he shuthierhdeszoopeneath r&tidmrilny Filghe ifookegireypdneeneenent FO6/v is
equal 10 to the foreground conponent of the fifth pixel fromthe left .in
Fig. 12speriedpdiideagitn Xhénthigd gort iMmnrofspde Shugtier, it ragvev from when
the shutter has opened, and the foreground conponent of the sixth pixel
from t hexkwplei shéwy. id2Ftgr r €8 porite ndji 4 ardwe frowr tthepdrefitos iofe tlfe shutter
time/v 15 fromwhen the shutter has opened. It can be assuned that the

obj ect &bereepbadighg inditetedoregttlint i Rigi ditd todhe adgihtthe f or egr ound
object is_ noving with constant velocity such that it is displa ed f our ’
pi xel s ﬁéd?h@ferﬁtr?%t@%@l%uh%kﬂﬂrﬂd franB044c der diigity times €

" pixel pitch, i.e., eight consecutive pixels.

When the foreground object and the backgrouod objecf
are stetionary, the light input into the sensor 11 does not
change during the period corresponding to the shutter.time.

10 The period corresponding to the shutter time‘is divided
into two or more portions of equal.periods. For exémplé, if
the number of virtual divided portions is 4, the model shown
in Fig. 10 can be represented by the model shown in Fig. 11.
The number of virtual divided portions can be set according

15 to the amount of movement v of the object correspondihg to -
the foregroond within the shutter time. For'example; the
number of virtual divided portions is set to 4 when - the
amOuht of movement v is'é, and the period correspooding fo
the shutter time is divided into four portione.

20 . The uppeﬁmost line in Fig. 11 corresponds to the first
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 opened. The third line in Fig. 11
corresponds to the third divided period from when the

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



20 for exanple, the foreground conponent FO5/v of the second pixel from
the left in Fig. 12 corresponding to the first portio ter
time/v. fromwhen the shutter has opened is equal toT?E%u%gﬁgggg%nd'
conmponent of the third pixel fromthe left in Fig. 12 corresponding to the
second 25 portion of the shutter tinme/v fromwhen the shutter has 16
Decenber 2005 - 54 opened. Simlarly, the foreground conponent FO5/v is
equal to the foreground conponent of the fourth pixel fromthe left in

_Fig.. 12 corresponding to the third portion of- the shutter tine/v from when .

the shutter has opened, and the 5 f-or&yground conponent of the fifth pixel
fromthe left in Fig. 12 corresponding to the fourth portion of the -
shutter time/lv fromwhen the shutter has opened. It can be assuned that

the objad QR &AAANIING LR BRAOCIHOUNALLR Tnbl dhdcpadyn and the .
foreground object 1s 10 noving W th constant velocity such fRat it is
di spl ayeghduy. pixels to the right in the subsequent frame. Accordingly,

for exanple, the foreground conponent' FO4/v of the left nost pixel in Fig.

12 corresponghegshatibe £instapeiaian: @f atBSrashed tef it | 9L Vafdap when the
shutter has opened is equal to 15 the foreground conponent of the second -

pi xel frofimnidveneeftt v i1z Bilgo hdreenhespendbrgri-eqt B8 sgcerd portion of the
shutter time/v fromwhen the shutter has opened. Simlarly, the foreground

conpbnentshEl4/ar itimeqwal. to the foreground conponent of the third pixel
fromthe left in Fig. 12 : ‘

When the object corresponding to the foreground is
stationary, the light input into the sensor 11 does not
change, and thus, the foreground component FO0l/v is equai té

‘the value obtained by dividing the pixel value FOl by the
10 number of virtual divided portions. Similarly, when the
object corresponding to the‘foreground is stationary, the
foreground component F02/v is.equal to the value obtained by
dividing the pixel value FO02 by the number of virtual
'divided'portioné, the foreground component F03/v is equal to
15 the valuerbtained by dividing the pixel value F03 by the
number of virtual divided portions, and the foreground
component F04/v is ‘equal to the value obtained by dividing
the bixel value F04 by the number of virtual divided
~portions. 4 |
20 ' When the object corfesponding to the 5ackground is
stationary, the light input inﬁo the sensor 11 does not
change, and thus, the background componént BO0l/v is equal to
the value obtained by dividing the pixel value B0l by the
number of virtual divided pbftions. Similarly, when the

25 object corresponding to the background is stationary, the



20 corresponding to the third portion of the shutter time/v from when the
shutter has opened, and the foreground conponent of ?%ﬁ,fOUﬁtQOB'xel from
the left in Fig. 12 corresponding to the fourth port ¢ € °Shutter .
‘tinme/v fromwhen the shutter has opened. 25 Since the foreground area
correspondi ng to the noving 16 Decenber 2005 - 55 object contains notion
bl ur as discussed above, it can also be referred to as a "distortion area".
Fig. 13 illustrates a nodel obtained by expanding in the time direction the
pi xel values of the pixels in one 5 line including an uncovered background
area when the object corresponding 4% the foreground is noving to the
right in Fig. 13. In Fig. 13, the anobunt of novenent v is 4. Since one
frame is a short period, it can be assuned that the object corresponding to

the forggred, i c%nrﬂogieql@cy!md/lp OHRG Witoh t6@Nshank wekaghby- bin Fi g.

13, the object imge corresponding to the foreground is noving to the right

such thaividing dRsidixened f10iy goxelys dhe bhevergbt witluaespect to a
reference frane when it is displayed in the subsequent frame. 15 In Fig.

13, thedpix@$ gorndnie |wid msdkgliowld tenphaentoBOBlvpixekqghaliong to the
background area. In Fig. 13, the pixels fromthe fifth pixel to the
sevent htipe xed sad raymaibed sf tdivdldingy tehet Ipd xeilx edlaced)3wbiychhes an
uncovered background area. In Fig. 13, the rightnost pixel belongs to
5 number of virtual divided portions, and the background
component B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided
portions.
More specifically, when the object correspending to the
10 foreground is stationary, the light corresponding to the
foreground object input into the sensor 11 does nbt change
during the period cofresponding to the'shutter time.
Accordingly, the foreground component F0l/v corresponding to
the first portion of the shutter time/v from when the
15 ’'shutter has opened, the fo;egroﬁnd component. FO1/v
corresponding to the second portion of the shﬁtter.time/v
from when the shutter has opened, the foreground component
FOl/ﬁ corresponding to the third portion of the shutter.
time/v from when the shutter has opened, and the foreground
20 component FO01/v corrésponding'to the fourth portion of thé
shutter time/v from ﬁhen the shutte; has opened 5ecome the
same value. The same applies to F02/v through F04/v, as in.
the case of FO01/v. |

When the object dorresponding to the background is

25 stationary, the light cofresponding to the background object



20 the foreground area. The object corresponding to the foreground which
covers the object corresponding to-the background |s that it
is gradually renoved fromthe object corresponding g?%b&%g%égg%und over
time. Accordingly, the conponents 25 contained in the pi xel val ues of the
pi xel s belonging to the 16 Decenber 2005 - 56 uncovered background area

- change fromthe foreground conponents to the background conponents at a

certain tine of the period corresponding to the shutter tinme. For exanple,
t he pixel value M surrounded by the thick 5 frame in Fig. 13 is expressed
by equation (2). M = F02/v+FQ /v+B26&Ww+B26/v (2) For exanple, the fifth

pi xel fromthe left contains background conponents corresponding to three
portions of the shutter tine/v and a foreground conponent corresponding to

10 one shudfer RAr i %”s%Bs%QelﬁhPBE %ynﬁh¥ﬁg@”8ukﬂ glxe§ ?ePl&&“re ratio

a of the fth pi xel fromthe si xt romthe left

cont ai ns:oti%ls%%%gc%p%%msauﬁ%r %éﬁend' ﬁacwdm@lgor%h@ns of the
shutter tine/v and “foreground conponents corresponding to two portions of

the 15 shkgebuhidmebkpoatdt! BY3 /vt BerFbxpuhaihat £8 8nef rihgesi xth pixel
fromthe left is 1/2. The seventh, pixel fromthe-left contains a

backgrogm&tﬁeﬁpamemhecahnt%@@n@umg/%Of@aﬂ pREhi @Re sRhGttEE wawItter: time/ v
and foreground conponents corresponding to three portions of the shutter
ti mebv, opesied, the background component B0l/v corresponding to the

second portion of the shﬁtter time/v from when the shutter

has opened, the background componentrBﬁllv corresponding to

the third portioﬁ of the shutter time/v from when the |

shutter has opened, and the background component B0O1l/v

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

from when the shutter has opened become the same yalue, The

same applies to B02/v through B04/v.

A description is given of the case in which the object
corresponding to the foreground is moving and the oﬁject

15 corresponding ro the'béckground is stationary.

Fig. 12 illustrates a model obtained by-expanding in
the time direction the pixel values of the pixels in one
llne; including a covered background area, when the object
corresponding to the foreground is moving to the right in

20 Fig. 12. 1In Eig; 12, the amount of movément v is 4. Sinée
one frame is a short period, it can be assumed that the
_object corresponding to the foreground is a rigid body
moving with constanr velocity. Iﬁ Fig. 12, the object image
corresponding to the foreground is moving such that it is

25 positioned four pixels to the right with respect to a



20 thus, the mxture ratio a of the seventh pixel fromthe left is 1/4.
When equations (1) and (2) are' generalized, the pixe \ n be
expressed by equation (3): M=a-B+Fi/v (3) i 16 EECE%%%?éﬁﬁﬁgbg$ where a
is the mxture ratio, B indicates a pixel value of the background, and
Fi/v designates a foreground conponent. It can be assuned that the object
corresponding to the foreground is a rigid body, which is noving with
constant 5 velocity, and the anmount of novenent is 4. Accordingly, for
exanpl e, the foreground conponent FOl/v of the fifth pixel fromthe |eft
in Fig..13 corresponding to the firstlportion of the shutter time/v from

when the shutter has opened is equal to the foreground conponent of the
sixth pixel from10 the left in Fig. 13 corresponding to the second portion

of therghutbBEet EPBAY Whom WRER st B8 sPULer ihashePenedequen® @k, the
foreground conponent FOl/v is equal to the foreground conponent of the

sevent h pi xein from the, |edd pikeld gErds 08 respeming i@t ke tdig d portion
of the shutter 15 tinme/v fromwhen the shutter has opened, and the
f or egr ofindrthoppraénbedbniyheo etight ho peyebuhd caréde | Bitrig. AD, . g

corresponding to the fourth portion of the shutter time/v from when the
shutterphasl@péned.the Caftbepassiuned thatsé¢henod)eitecof raspeiei ng to the
5 left belong to the mixed.area, which is the covered
‘background area. In Fig. 12, the rightmost pixel belongs to
the baékground aréa.
The object corresponding to the foreground is moving
such that it gradually covers the object corresponding to
10 the background over time.. Accordingly, the components
contained in thé pixel values of the pixels belonging to the
covered backgrpund area change from the background
components to the foreground components at a certain time
during the period corresponding to the shutter time.
15 For example, the pixel value M surrounded by the thick
frame:in‘Fig. 12 is expresséd by equation (lj below.

M

B02/v+B02/v+F07/v+F06/v (1)
.For example} the fifth pixel from the left contains a

background éomponent,corresponding to one portion of the

20 shutter timekv and foreground components Coriesponding ta
three portions of fhe Shutter time/v, and thus, the mixture
ratio o of tﬁé,fifth pixel from the left is.l/4. The sixth
pixél from the ieft contains background components
corresponding tortwo portions of thé shutter time/v and

25 foreground components corresponding to two portions of the



20 foreground is a rigid body, which is noving with constant velocity, and

t he anobunt of novenent v is 4. Accordingly, for exa . the gr ound
conponent FO02/v of the sixth pixel fromthe left i n%é@%‘g’%éﬁéb‘e&spondi_ng

to the first portion of the shutter tine/v fromwhen the shutter has 25
opened is equal to. the foreground conponent of the seventh 16 Decenber
2005 - 58 pixel fromthe left in Fig. 13 corresponding to the second
portion of the shutter tine/v.'fromwhen the shutter has opened.
Simlarly, the foreground conponent FO2/v is equal to the foreground
conponent of the eighth pixel fromth& 5 left in Fig_ 13 corresponding to
the third portion of the shutter tinme/v fromwhen the shutter has opened.
It can be assumed that the object corresponding to the foreground is a

rigid bQﬂYltit\g@LEtﬂ g%ﬁvgwgtml h-gﬂ@%muf%eﬁﬁia Yo Adiides angunt of

novenment v ccofdingly, 10 for exanp e foreground conponent

FO3/v of;1kRe $e¥RNtHe P%i‘@' iEromtherhef foddnfil i A3 COFdEsRANdidYE to the
first portion of the shutter tine/v fromwhen the shutter has opened is

equal teohkeihar BERYPGuEANPORESheREs t B S G AL X&) dnm the left in

Fig. 13 corresponding to the second 15 portion of the shutter time/v from
when t hgoshtlbher ohashe OPRAEter | tihasy Deed feserddpeashvd tdvmefmiiance to Figs.

11 through 13 that the number of virtual divided portions is 4. The
nunmter ebryespualiifdgvidednpopbiransncorr eapostattert héme/v, and thus,
the mixture ratio a of the fifth pixel from the left is 3/4.
It can be assumed that the object corresponding to the

foreground is a riéid body, and the foreground object is
moving with constant velocity sucﬁ that it is displayed four

10 pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component 6f the fifth

15 pixel from the left in Fig. 12 cdrresponding to the second
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 pixél from the left
in Fig. 12 corresponding to the third portion of the shutter

20 - time/v from when the shutter has opened, and tﬁe foregrouhd
componenf of the seventh pixel from the left in Fig. 12
corresponding to the fourth portion of the shutter time/v
from when the shutter has épehed.

Tt can be assumed that the object corresponding to the

25 foreground 'is a rigid body, and the foreground object is




3

20 anount of novenent v. Cenerally, .the anount of novenent v corresponds
to.the noving speed of the object corresponding to tlgpkessssooosd. For '
exanple, if the object corresponding to the foreground is noving such that
it is displayed four pixels to the right with respect to a certain frane

when it 25 is positioned in the subsequent frame, the anount of 16 Decenber

2005 - .59 novenent v is set to 4. The nunber of virtual divided portions
is set to 4 in accordance with the anmpbunt of novenent v. Simlarly, when

t he object corresponding to the foreground is noving such that it is

di spl ayed six pixels to 5 the left- W3th respect to a certain frame when it

is positioned in the subsequent frane, the anount of novenent v is set to

6, and the nunber of virtual divided portions is set to 6. Figs. 14 and 15
i1 ustr gbgihhew ehakhaashhe 9E159§t¥19u£9r§HQEUBQ 5 63%3%1@%(@@0@&19““

area, and thé m xed area which consists of a covered ound or an

uncover g¢d xehackgr eHadri YAt CAnatRed586568§688n BDPYEnet O ABELEQI£GIPUND
conponents and the background components corresponding to the divided

peri odsfek themphult ehet EBRegrdbnfi Gompdnbht UBYHE AL €6F aPn&XENPEE | N Whi ch
pixels in the foreground area, the background area, and the m xed area are

extract pdxblofiran thagee€oniai Pigy 12 foregspondisgrteseradi ngst 0 an obj ect
noving in front of a stationary background. In the exanple shown in Fig.
14, 3 hepobféot of the shutter time/v from when the shutter has
0pehed is equal to the foreground component of the fourth
pixel from the left in Fig. i2 correspopding to the second
- portion of the shutter time/v from when the shutter has
opened. Similarly, the fpreground component F06/v is equal
10 to the foregrouhd component of the fifth pixel from the left
in Fig. 12 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the sixth pixel from the left in Fig. 12
- corresponding to the fourth portion of the shutter time?v‘
15 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.
moviﬁg with constant wvelocity such that it is displafed four
pixels to the right in the subsequent frame. Accordingly,

20 for example, the foreground component F05/v of the second
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opéned is equal to the foreground component of the third
pixel.from the left in Fig. 12 corresponding to the second

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



20 corresponding to the foreground is horizontally noving with respect to
the screen. Frame #n+l is a frame subsequent to franme;#mh..aftkr2085€ - #n+2
is a frame subsequent to frame #n+l. Pixels in the foreground area, the
background area, and 25 the. m xed area are extracted from one. of frames
#n through 16 Decenber 2005 - 6 0 - #n+2,.and the anobunt of novenment v is
set to 4. A nodel obtained by expandi ng the pixel values of the extracted
pixels in the tine direction is shown in Fig. 15. 'Since the object’ '
corresponding to the foreground is 5 noving, the pixel values in the
foreground area are fornmed 10 the backyround during the shutter tinme does
not change. In this case, the pixel values in the background area do not
of four different foreground conmponents corresponding to the shutter

time/v. di%n&%.ami%ilta@@.ﬂ,?ftﬁi@osfbr@g%%hn@c orRint€rdsi/h §BecfAregr ound
area shown in Fig_ 15 consists of a/v, FO02/v, FO03/v, and FO4/v. That is, .

the pixels tiHe tdigedrofR@dl QvigosentacE Ml Fduitw pifkncerbhetnldj ect
corresponding to the background is stationary, light input into the sensor
11 corrdspndimn@ila 19 cortraisporaingn thl whe Tha A yektiahues thet he m xed
area consisting of a covered background area or an uncovered background
area areﬂuﬂﬁmne¢ﬂmb/woEegmouhéncumpoBhﬂt&eandahaebgnedmdaﬁdnpneents.
5 foreground component of the fifth pixel from the left in Fig.
12 corresponding to the fourth portion of.the shutter time/v
from when the shuttef has opened.
It can be assumed thét the object corresponding to tﬁe
foreground is a rigid body,.and the foreground‘object is
10 moving with constant velocity such that it is displaved four
pixels to the right in the subseqguent frame. Acéordingly,
for example, the foreground component F04/v of the left most
pixel in Fig. 12 corresponding to fhe first portion of the
shutter time/v from when the shutter has opened is equal to
15 the foreground component of the second pixel from the left
in Fig. 12 corresponding to the second portiﬁn of the
shutter time/v_from whenlthe'shutter has opened. Similarly,
the fofeground component F04/v is eqﬁal,to the foreground
component of the third pixel from the left in Fig. 12
20 éorreSponding to the third portion of the shutter time/ﬁ“
frqm when the shutter has-opened; and the foreground
component of the fourth pixel from the left in Fig. 12
coiiesponding to the fourth portion of the shutter time/v
from when the shutter has opened.

25 - Since the foreground area corresponding to the moving



A description is given bel ow of a nodel obtained by 20 expanding in the

time direction the pixel values of the pixels which e@&%ﬂ&QﬁO
side-by-side in.a plurality of frames and which are oggte - at t%e sane.

positions when the franes are overl apped when the i mge corresponding to .

the object is noving. For exanple, when the inmge corresponding 25 to the
object is noving horizontally with respect to the 16 Decenber 2005 - 61
screen, pixels aligned on the screen can be selected as the pixels aligned
side-by-side. Fig. 16 illustrates a nodel obtained by expanding in the
time direction the pixels which are &P gned side-by-side 5 in three frames
of an inmage obtained by capturing an object corresponding to a stationary
background and which are |ocated at the sanme positions when the franes are
over | appedectFeanea#nsi fiothenfpaie subseguesied Oahsdde #N-dan adikd r ane

#n+l is the franme subsequent to frane #n. The sane applies 10 to the other
franes. b&heepexekdvabues BO1dibtoughoBl2rshown in Fig. 16 are pixel val ues
corresponding to the stationary background object. Since the object

- correspondi Nigig o thel backigraowesl 4 srodtlatdbdramead tHye epipesldival Ues of t he

correspondi ng pixels in 15 frane #n-1 through frame #n+l do not change. For
exanpl ethet hempj sterechiopahke #pieel vhbugps xef the fplomelstni dozated at  the
correspondi ng position of the pixel having the pixel value B0O5 in frame
#n- P ha%énghéﬂﬁig@inga@geugmgyered background area when the object

corresponding to the foreground is moving to the right in
Fig. 13. 1In Fig; 13, the amount of movement v is 4. Since
cne frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body

10 moving wirh constant velocity. In Fig. 13, the object image
lcorresponding to the foregroond is moving to the right. such
that it is positioned four pixels to the right with respect
to a reference frame when it is displayed in the subsequent
frame.

15 In Fig. 13, the pixeis from the leftmost pixel to the
fourth pixel belong to the background area. In Fig. 13, the
pixels from the fifth pixel to the seventh pixels from the
left‘belong to the mixed area, Whicﬁ is an uncovered |
rbackground area. In Fig. 13, the rightmost pixel belongs to

20 the foreground area.

The object corresponding to the foreground which covers
the object corresponding to the background is moving such
that it is gradually removed from the obiject corresponding
to the background over time. Accordingly, the components

25 © contained in the pixel values of the pixels belonging to the



Fig. 17 illustrates a nodel obtained by expanding in 20 the tinme direction
the pixels which are aligned side-by-side in three fjafRsRber2004 MRIE
obt ai ned by capturing an object corresponding to a foreground that is
nmoving to the right in Fig. 17 together with an object corresponding to a
stationary background and which are |ocated at the same 25 positions when
the frames are overl apped. The nodel shown - 62 =in Fig.. 17 contains a
covered background area. In Fig. 17, it can be assuned that the object
corresponding to the foreground is a rigid body noving with constant
velocity, and that it is noving such 3that it is .5 displayed four pixels to
the right in the subsequent franme. Accordingly, the amount of novenent v
is 4, and the nunber of virtual divided portions is 4. For exanple, the

{ o1 eqr OUTKL AAIRAN BBl bl LELMRRangR! XebnObnb! 8BRABohALN F1 0. LT

corresponding to the first 10 portio shutter “tine/v fromwhen the

shutter dagparenad tios thl2béc urnaect%%gte%edafeogpee%%éaf +ifig §econd

pixel fromthe left in Fig. 17 corresponding to the secon portion of the

shutter tHdgiarifdomonrerpbiaishuitbetnBashuepepedins. also F12/v. The
foreground conponent of the third 15 pixel fromthe left in Fig. 17

chrespondingotOekﬁﬁpléirﬂheppiiépnv@iuéhﬂ'Sﬁwiﬁ&ﬁndé@E%Y thonmwhen the
shutter has opened and the foreground conponent of the fourth pixel from
t he bef tfhameFiign F1g.caBr éspemgiragstd bheefiouttibnpoejion of the shutter
time/v fromwhen the shutter has opened are

M' = F02/v+F01/v+B26/v+B26/v - {2)

For exdmple; thé fifth pixel from the left contains
background components corresponding to three portions of fhe'
shutter time/v and a foreground component corresponding to

10 one shutter portion of the shutter time/v, and thus, the
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 shuttér time/v and
foreground components corresponding to twb portions of the

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

20 thﬁs, the mixture ratio o of the seventh pixel from the left

~is 1/4.

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

value M can be expressed by equation (3):

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



pi xel oF f?% qggpn ks

20 F12/v. The foreground conponent of the l|eftnost pixel of frame #n-1 in
Fig. 17 corresponding to the second -portion of the s from
when the shutter has opened is FlIIly. The foregroundwgg%%%ﬁ%%?g%? :
second pixel fromthe left 25 in Fig. 17 corresponding to the third portlon
of the shutter 16 Decenber 2005 -- 63 tinme/v fromwhen the shutter has:
opened is also Fll/v. The foreground conponent of the third pixel fromthe
left in Fig. 17 corresponding to the fourth portion of the shutter tine/v
from when the shutter has opened is E31Lv. 5 The foreground conponent of
the | eftnost pixel of frame #n-1 in Fig. 17 corresponding to the third
portion of the shutter time/v fromwhen the shutter has opened is FlO/v.

The foreﬁround conponent of the second pixel fromthe left _in Fig. 17
corresp8 ﬁFﬁg“tbst © fBUFERT PoFR T HP oF %?@49%¢%ﬁu%t%¥x?id%?¥u?ﬁﬁﬁ1mhen t he

shutter opened is als F10/y. The foreground co nent of the | eftnpst
} ﬂ%ﬂ%%‘b%%o‘? ng‘”f%g??fgg‘go%‘?rwp'ﬁdﬁi on of

the shutter tine/v.from when, t opened is 09/ nce the
obj cot cor 1 dnaiR s taosst%e%at@égtrgﬁﬁﬁbg G Y% 2 B8kgr ound
conpone he second i xel ron1th Ieft of frane #n- 17

correspgéﬁdelg‘)(%n5 t¥F STt gd%?% he SHUTte? Y}%%/%]F$%%1mhen t he

fslh(l;}[’n ?Le F&.fs ngf %m (goa% unggﬁf t}%};&‘( COI'T g%gpg%g?n%@éérglng}lr}e tdy,rd pixel

example, the foreground component F01/v of the fifth pixel
‘ffom the left in Fig. 13 corresponding to the first portion
6f the shutter time/v from when the shutter has opeﬁed is
equal to the foreground component of the sixth pixel from'
10 the left in Fig. 13 corresponding to the second pertion of
the shutter time/v from when the shutter has opened.
'Similarly, the foreground component FOl/v is equal to the
foreground component of the seventh pixel'from the left in.
Fig.‘13'corrésponding to the third portion of the shutter
i5 time/v from when the shuttér has opened, and the foreground
component of the eighth pixel from the left in Fig. 13
corresponding to the fourth portlon of the shutter time/v
from ‘'when the shutter has opened
It can be assumed that the object corresponding to the
20 foreground is a rigid body, which is moving with constant
Veldcity, and:the_amount of movement v is 4. Accordingly,
for example, the foreground.component:FOZ/V of the sixth
pixel from the left in Fig..lS_corresponding to the first
portion of the shutter time/v.frcm when the shutter has

25 opened is equal to the feoreground component of the seventh



20 to the first and second portions of the shutter tinme/v from when the
shutter has opened are B02/v. The background conpone urth
pixel fromthe left of franme #n-1 in 'Fig. 17 corres%%%ggﬁg&?goﬁﬁe first
through third portions of the shutter tinme/v fromwhen the shutter has .
opened are 25 B03/v. 16 Decenber 2005 - 64 |In frame #n-1 in Fig. 17, the
| eft most pixel fromthe |left belongs to the foreground area, and the
second through fourth pixels fromthe left belong to the m xed area, which
is a covered background area. 5 The.fifth through twelfth pixels fromthe
left of frame. #n-1 in Fig. 17 bel ond& o t he background area, and the pixel
val ues thereof are B04 through Bll, respectively. The first through fifth
pixels fromthe left in franme #n in Fig_ 17 belong to the foreground area.

The for qareuNnt:rokD thAMAFERNT pi @i%}helthBE‘Eésbbﬁﬁiﬂgi o t%e f QL EGHHUNd area
of frame #n is any one of FO5/v through F12/v. It Can be assuned that the

obj ect qIdtETRORG RGel @@ erl @RRBYOURGohSwReh! BhE DRGYPVALNY W th
constant velocity, and that it is noving such that the foreground image is
15 di splapeed.ousipiiiahs yt,0thhe foirghoiAdt BEmBURSEEURIY /¥ I BfBaqual
Accordingly, the foreground conponent of the fifth pixel fromthe left of
frame #rtd nthilel gorkgzoaarr espondeng 66 the elighsh Pbxsl ofr@i e shutter
time/v fromwhen the' shutter has opened is F12/v, and the foreground
conpénedpf¢fimh€ig. 13 corresponding to the third portion of the

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

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

10 for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 13 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equél to the foreground component of the eighth
pixel from the left in Fig. 13 corresponding to the second

15 portion of the shutter time/v from when the shutter has
openead. |

It Has been described with reference to_Figs. i1
throﬁgh 13 that the numbér of virtual divided portions is 4.
rThé number of virtual divided poptions correspeonds to the

20  amount of movement v. Generally, the amount of movement ?
correspondé to.the moving speed of the object.corresponding
to the foreground. For exampla, if the object corresponding
to the foreground is moving such that it is_disblayed,four

pixels to the righf with respect to a certain frame when it

25 is positioned in the subsequent frame, the amount of -



20 sixth pixel fromthe left in Fig. 17 corresponding to the second
portion of the shutter tine/v fromwhen the shutter B &ﬁgﬁ§§0@§ al so
F12/v. The foreground conponent of the seventh pixel r8n1t e left in Fig.

17 corresponding to the third portion of the shutter time/v fromwhen the

shutter 25. has opened and the foreground conmponent of the eighth pixel. 65
fromthe left in Fig. 17 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened are F12/v. The foreground
conponent of the fifth pixel fron1£hg 5 left of frame #n in Fig. 17
corresponding to the second portion 3f the shutter time/v from when the
shutter has opened is F11/v. The foreground conponent of the sixth pixel
fromthe left in Fig. 17 corresponding to the third portion of the shutter
ti me/ v neovemehenvthe shiuttersd hasTHE opedred of waisnaddl diwidee f or egr ound
conponent of the seventh pixel fromthe left in Fig. 17 'corresponding to
the foRerhipoestionset thet shutaerordandey Witdmtilemmdemtsmiiter has opened
is F11/v. The foreground conponent of the fifth pixel fromthe 15 |left of
frame #ACYRNERY. V17 THrklxplbndiwien dchaehiretd cqoradramdiing He it er ,
time/v fromwhen the shutter has opened is F10/v. The foreground conponent
of the EPREHOHI%els MGMANeSYEt tthat Aty ia diggrlaygshidih @@ hheS ourt h

por%ﬁon of #%E shutter tine/v fromwhen the shutter has,, 20 opened is al so
F10Av. The toredfouhd SBffonetR HICtHe I fifpme when 1t is 7 |

positioned in the subseQuent frame, the amount of movement v

is set to 6, and the number of Virtual divided porfions is

set to 6. |
Figs. 14 and 15 illustrate the relationship of the

10 foregroupd area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, - to tﬁe fdreground
components and the background compbnents corresponding to
the divided periods of the shutter time.

15 Fig. 14 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are
extracted from an imaée containing’a'foreground_
cdrrésponding to an object moving in ffont of a stationafy
background. In the example shown in Fig. 14, the object

20 corresponding to the foreground is horizontally moving with
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.
lPixels in the foreground area, the background area, and

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



25 pixel fromthe left of franme #n in Fig. 17 corresponding to the fourth
portion of the shutter time/v fromwhen the shutter haspepense 2065 FO9/ v.
Since the object corresponding to the background is stationary, the _
background conponent of the sixth pixel from 16 Decenber 2005 - 66 the

| eft of frame #n in Fig. 17 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has opened is B05/v. The background
conponents of the seventh pixel fromthe left of frane #n in Fig. 17
corresponding to 5 the first and second portions of the shutter tinme/v from
when the shutter has opened are B067\0 The background conponent s of
the-eighth pixel fromthe left-of frame #n in Fig. 17 corresponding to the
first through third portion of the shutter tinme/v fromwhen the shutter

has opength Bl &nt0 tBR7 ambunkn offf AdRettBnitNvFig. sd¥, t&he si xtho4b1 ough eighth
pixels fromthe-left belong to the m xed area, which is a covered :

backgr owstamed bihexphandi nghradgpikeel Fhhupsxekstheogxthectedt of frame
15 #n in Fig. 17 belong to the background area, and the pixel values

t her eof pErelB08nt hheughmBl kireespeat ivekyowdhenfFigt thHrough ninth pixels
fromthe left in frame #n+l in Fig. 17 belong to the foreground area. The
f or egr ound cﬁmpoaenhe|queetshurre$p¢mdmﬂg/td\uHEaﬂareqnannﬁjls
5 moving, the pixel values in the foreground area are formed

of four different foreground components corresponding to the

shutter time/v. For example, the leftmost pixel of the.

pixels in the foreground area shown in Fig. 15 consists of

FO0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the

i0 foreground contain motion blur.

Since . the objectrcorresponding to the backgfound is
stationary, light inpﬁt into the sensor 11 corresponding to
the background during the shutter time does not change. 1In
this case, the pixel ﬁaiues in the background area do not

15 contain motion bipr.

The pixel values in the mixed area consisting of a
covered background area or an uncovered background area are
forméd of foréground components and background components.

A description is given below of a model obtained by

‘20 expanding in the time direction the pixel values of the
‘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

25 to the object is moving horizontally with respect to the



20. area of franme #n+l is any one of FOl1/v through F12/v. It can be assuned

that the object corresponding to the foreground is a,pigid bo Vi ng
- i 't is movi s O

with constant velocity, and that it is noving such t ound -

image is  displayed four pixels to the right in the subsequent frame 25

Accordingly, the foreground conponent of the ninth pixel 16 December 2005
67 fromthe left of frame #n+1l in Fig. 17 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is F12/v,
and the foreground conmponent of the ienth pi xel fromthe left in Fig. 17
corresponding to the 5 second portloﬁ of the shutter tinme/v fromwhen the
shutter has opened is also F12/v. The foreground conponent of the

el eventh pixel fromthe left in Fig. 17 corresponding to the third portion
of the shuéer; pixely dYomedem (e Surder cdradbepariedttand alshehieor egr ound
conponent of the twelfth pixel 10 fromthe left in Fig. 17 corresponding to.
t he foupikeporalognedfside-htrids. tinme/v from when the shutter has opened
are F12/v. The foreground conponent of the ninth pixel fromthe left of
frame #n+l iFid d.6 1A loetmedpendi ngded phéaseednby ;t_azppodtmgnlof t he
shutter tine/v fromwhen the shutter has opened is F11/v.' The foreground
conponehie ctinhedieprhioni s Wiremha b iwf e FHiignety sdglerbypeideng to-t he
third ortlon of the shutter tinme/v fromwhen the shutter has opened is

al s@ F1HHVERESR FERBRE dtn R ofsife P terinachdy capturing an object

corresponding to a stationary background and which are

located at the same positions when the frames are averlapped°

Frame #n is the frame subsequent to frame #n-1, and frame

#n+l is the frame subsequent to frame #n. The same appliea
10 to the other frames.

The pixel values B0l through B12 shown in Fig. 16 are
pixel values corresponding to the stationary background
object Slnce the object corresponding to the background is
statlonary, the pixel values of the correspondlng pixels in

15 frame #n-1 through frame #n+l do not change. For example,
the pixel in frame #n and the pixel in frame #n+1l located at
the corresponding position of the pixel having the pixel
valué BO5 in framé #n-1 have the pixel value BO5.

Fig. 17 illustrates a model obtained by expanding in

20 the time direction the pixels which are aligned side-by—side
in three frames of an image obtained by capturing an_object‘
corresponding to a foreground that is moving to the right in
'Fig. 17 together with an object corresponding to a
stationary background and which are iocated at thé same

25 positions when the frames are overlapped. The model shown |,



20 el event h pi xel fronfthe left in Fig. 17 corresponding to the fourth

portion of the shutter tinme/v fromwhen the shutter ﬁgagg ahe F11/v.
The foreground conponent of the ninth pixel fromthe ﬂ?@ 0 ?Pgﬁe #n+l in

Fig. 17 corresponding to the third 25 portion of the shutter time/v from
when the shutter has 16 Decenber 2005 68 opened is F10/v. The foreground
conponent. of the tenth pixel fromthe left in Fig. 17 corresponding to the
fourth portion of the shutter time/v fromwhen the shutter has opened is
al-so F10/v. The foreground conponent of the ninth 5 pixel fromthe left of
frame #n+l in Fig. 17 corresponding &2 -the fourth portion of the shutter
time/v fromwhen the shutter has opened is FO9/v. Since the object
correspondi ng to the background is stationary, the background conponent of

the tent pisel 15 olhclabne LeLL-gh DLawp#nth LhoEig. 17 corresponding to

the first portion of the shutter tine rom when t he shutter has opened

i's BO9/v. Thenbagkgr owind; o8poNsat $s ofmdder gl €van *bb(;@éﬁ?' fromthe left of
frane #n+l in Fig. 17 corresponding to the first and second portions of

t he shutcbetrekpBBAYnt @8 the ¥Beagt-BAnghukt 87 rNgsd OPEAEUnsy EndPLPah The
background conponents of the twelfth pixel fromthe left of Trame #n+l in

Fig. 1l7coasteapondilngite,tBadf that t8r eggRotbhgdspertiiga: DE idhe shutter
time/v fromwhen the shutter has opened are . Bll/v.
5 displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portiéns is 4.
For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 corresponding to the first
10 portion of the shutter time/v from when the shutter has
opened is F12/v, and the foreground component of the second
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl12/v. The foreground component of the third
.15 pixel from the left in Fig. 17 corresponding to the third
poftion of the shutter time/v from when the éhutter has
opened and the foreground component of the fourth pixel ﬁrom
the ieft.in.Fig._17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are
20 Fl12/v.
The foreground component of the leftmost pixel of frame
#n-1 in Fig. 17 corresponding to the second portion of the
shutter time/v from when the shutter has opened is Fll/v.'
The foreground component of the second pixel from the left

25 in Fig. 17 corresponding to the third portion of the shutter



20 In frame #n+l in Fig. 17, the. tenth through twelfth pixels fromthe

|l eft belong to the m xed area, which is a covered ba Qu nea. Fig. 18
is a nodel of an inage obtained by extracting the forgég%ﬁ nﬁ%?#g%nents_
fromthe pixel values shown in Fig. 25 17.. - 69 Fig. 19 illustrates a
nodel obtained 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 corresponding to a foreground that is noving to the right in 5 Fig.
19 together with an object corresponding to a stationary background and
whi ch are | ocated at the sane posrtﬁ5n§ when the frames are overl apped.
The nodel -shown in Fig. 19 contains an uncovered background area. In Fig.

"19, it can be assuned that the object 10 corresponding to the foreground is
a rigi dthodyvmeyomgwieh hthe osistabné r Vied ®Copenednik tdbdo i1 A MOViiHRg such
that it is displayed four pixels to the right in the subsequent frane.
Accor di figkggrohedacomponeft nofeneat third BixEdr fresanphe, 1the fareggound
conponent of the leftnost 15 pixel of frame #n--1 in Fig.- 19 correspondi ng
to the LVrserrpspendimnafte hehshinderh tpowmet vorf refm tikee nstiutec esh utitmer/ vhas ‘
opened i s F13/v, and the foreground conponent of the second pixel fromthe
| ef t i nfFPH. when cohe eslpoid nghasd aprnekcionEllportion of the shutter tine/v

fromwhen the shutter has 20 opened is also F13/v. The foreground conponent
of the thirdhe foreground component of the leftmost pixel of frame

#n-1 in Fig. 17 corresponding to the third portion of the
shutter time/v from wﬁen the shutter haé opened is-FlO/v.‘
The foreground component of the second'pixel from the_leffr
in Fig. 17 corresponding to the fourth portion of the
10 shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the ieftmost pigel of
- frame #in~1 in Fig. 17 corresponding td-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
15 statibnary, the background component of the second pixel
from the left of frame #n-1 in Fig. 17 corresponding to the
first portion of the shutter time/v from when the shutter
has 6§ened is B01/v. The background components of the tﬁird
pixe; from the left of frame #n-1 in Fig. 17 corrésponding
20 to therfirst and second portions of the shutter time/v from
when the shutter has opened afe B02/v. The background
components of the fourth pixel from the left of ffame #n-1
in Fig. 17 cérresponding to the first through third portioﬁs
of the shutter time/v from when the shutter has opened are

25 B03/v.



pixel fromthe left in Fig. 19 corresponding to the third portidn of the
shutter tinme/v fromwhen the shutter has opened and igfmg JoIg
conponent of the fourth pixel from the left in Fig. correspondlng to

- the fourth portion of 25 the. shutter tine/v fromwhen the shutter has

opened are 16 Decenber 2005 - 70 F13/v. The foreground conponent of the
second pixel fromthe left of frame #n-1 in Fig. 19 corresponding to the
first portion of the shutter tine/v fromwhen the shutter has 5 opened is
F14/v. The foreground conponent of the third pixel fromthe left in Fig.

19 corresponding to the second portifdnof the shutter tine/v fromwhen the
shutter has opened i's also Fl14/v. The foreground conponent of the third

pi xel fromthe left in Fig. 19 corresponding to the first 10 portion of the
shutter tinety fromewWpenitie siylter, hase onenashb4s Fildy. ri¥ihaed he. obj ect
corresponding to the background is statlonary, t he. background conponents
of the lefinbel cpgsekooknbr @R edBolninakey, iAdceneespesdinghtoidihe second

- through 15 fourth portions of the shutter tinme/v fromwhen the shutter has

opened doarBBSpixeTbe fhamkgheuhdfeobpdorgt sootheheixegcandapiwtelcromthe
left of frame #n-1 in Fig. 19 corresponding to the third and fourth
porti ondsok theersHubtekgtaneflvateam when the shutter has opened are B26/v.

20 The backgr ound conmponent of the third pixel fromthe left of

The fifth through twelfth pixels from the left of frame
#n-1 in Fig. 17 belong to the background area, and the pixel
values thereof are B04 through Bll, respectively.

The first through fifth pixels from the left in framé
#n in Fig. 17 belohg to the foreground area. The foreground

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

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

15 displayed four pixels to the right in the subsequent frame.

' Accordinély, the foreground component of therfifth pizel
from the left of frame #n in Fig. 17 corresponding to the
first portion of the shutter time/v from when the'shuttef
has opened is F12/v, and the foreground component of the

20 sixth pixel frbm the left in Fig. 17 correspohdihg to thé
second portion of the shutter time/v from when the shutter
has opened is also-Flz/v. The foreground component of the
seventh pixel from the left in Fig. 17 corresponding to thé
third portion of the shutter time/v from when the shutter

25 has opened and the foreground compéneht of the eighth pixel



frame #n-1 in Fig; 19 corresponding to the fourth portion of the shutter

time/v fromwhen the shutter has opened is B27/v. ‘§% f Fig. 19,
e m xe

the | eftnost pixel through the third pixel belong to area whi ch
i's an 25 uncovered background area. 16 Decenber 2005 5 10 The fourth
through twelfth pixels fromthe left of frame #n-1 in Fig. 19 belong to
the foreground area. The foreground conponent of the franme is any one of
'F13/v through F24/v. The | eftnost pixel through the fourth pixel fromthe
|l eft of frame #n in Fig. 19 belong to the background area, and the pixel

val ues thereof are B25 through B28; 65espect|vely It can be assumed that
the object corresponding to the foreground is a rigid body noving with
constant velocity, and that it is noving such that it is displayed four

pi xel s fidm thee ridht i ghe. subsanuey Jr{&ﬂﬁ% AE adisRaldtn betibar eground

conponent of the fifth pixel fromthe |ef frame #n in Fig. 19
corresponding drutder findd/ PAHAdOWHEn hd e siuldd efast opehedt @ when t he

shutter has opened is F13/v, and the.foreground conponent of the sixth
pi xel fF@Wthe left in Fig. 19 corresponding to the second portion of the,
shutter tine/v fromwhen the shutter has opened is also F13/v. The
foreground Ghepdioertyrolintheospvernlt pifxahef famth pixel from the
5 left of frame #n in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the sixth
pixelrfrom the left in-Fig. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
10 opened is also Fll/v. The foreground component of the
seventh pixel from the left in Fig. 1?‘corresponding to the
fourth portion of the shutter time/v from when the shutter
has opeﬁed is Fll/v.
| . .The foreground cémponent of the fifth pixel from the
15 léft of frame #n in Fiq. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
opened is F10/v. The foreg£bund component of the sixth
‘ pixeirfrom,the left in Fig. 17 correéponding.to the fourth
.portion of the shutter time/v from when the shutter has
20 opened is_also F10/v. fThe foreground component of the fifth
pixel from the left of frame #n in Fig. 17 corresponding to
the fourth portion of the shutter time/v from when the
shutter has opened 1s F09/v.

Since the objebt corresponding to the background is

25 stationary, the background component of the sixth pixel from



20 the left in Fig. 19 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened and the foregypsdshteppmnent . of
the eighth pixel fromthe left in Fig. 19 corresponding to the fourth .
portion of the shutter tinme/v fromwhen the shutter has opened are F13/v.
25 The foreground conponent of the sixth pixel fromthe 16 Decenber 2005 -
72 left of frame #n in Fig:. 19 corresponding to the first portion of the
shutter tine/v.fromwhen the shutter has opened is F14/v. The foreground
conponent of'the seventh pixel fromthe left in Fig. 19 corresponding to
the second 5 portion of the shutter ®éme/v from when the shutter has _
opened is also F14/v. The foreground conponent of the eighth pixel from
the left in Fig. 19 corresponding to the first portion of the shutter

ti.me/v themwhencthershigt #8r inhRsgoPeNedot SefIM¥ind Oc S Aig€ £es©bj ect.
correspondi ng to the background is stationary, the background conponents
of the pbitthopi s€l thér onutber! elhe/of fHsmMehdin tie FigutdSr Godg esponding to
the second through fourth portions of the shutter tinme/v from when the
shut t er chasedpéned0ase. B29he . bdblegbatkdr obtiysh rldn 00 npod nelid Ss@ferdtte Si Xt h
pixel fromthe left of frame #n in Fig. 19 corresponding to the third and
‘fourth pdkelofisonfthe hbefhuofeframaety fnmdmohelV tdwershspdmitilmstopened are
B30/v. The background conponent of the seventh pixel from the |left of
frarfe #hhenfirgt andceeeenpapeihiond ehethowhitter time/v from

when the shutter has opened are B06/v. The background
components of'the‘eighth pixel f%om the left of frame #n in
Fig. 17 corfesponding to the first through third portion of
the shutter time/v from when the shutter has opened are
10 BO07/v.
In frame #n in Fig. 17, the sixth through eighth pixels
- from the left belong to the mixed area, which.is a éovered '
backgréund area. |
The ninth through twelfth pixels ffom the left of frame
15 #n in Fig. 17 belong to the background area, and the pixel
-~ values thereof aré B08 through B1l, reépectively.
| The first through ninth pixels from the left in frame
#ﬁ+1‘in Fig. 17 belong to the foregrdund area. The
foreground component in the shuttef'time/v in the foreground
20 . area of frame #n+l is any one of F0l/v through F12/v.
It can be assumed thatrthé abject corresponding.to‘the
foreground is a riéid body moving with constant wvelocity,
. and that it is moving such that the foreground image is
_displéyed four pixéls to the right in the subseqguent frame.

25 Accordingly, the foreground component of the ninth pixel



20 portion of the shutter tine/v fromwhen the shutter has opened is
B31/v_In frame #n in Fig. 19, the fifth pixel througisbbemteerers h pi xel
fromthe left belong to the m xed area,.which is an uncovered background
.area. 25 The eighth through twelfth pixels fromthe left of - 73 franme #n
in Fig. 19 .belong to the foreground area. The value in the foreground area
of frame #n corresponding to the period of the shutter tine/v is any one
of F13/v through F20/v. 5 The |eftnost pixel through the eighth pixel from
the left of frame 4n+l in Fig. 19_bggogg to the background area, and the
pi xel values thereof are B25 through”B32, respectively. It can be assuned.
that the object corresponding to the 10 foreground is a rigid body noving .
with constant velocity, and that it. is nmoving such that it is displayed
four pifebws the 1attrofhframetmetsubsdatuentl T ramereAsooidingloy thehe.
foreground conponent of the ninth pixel fromthe left of frame #n+l in

Fi g. 19féosteppohiidmgof othdeshutier poine/on Oford Svhdre Whrutthertttdnme/ v from
when the shutter has opened is F13/v; and the foreground conponent of the
tent h phiglopengdthe Fhi{vi naml gthd fegeyprhdipaentheosddend portion of
the shutter tine/v fromwhen the shutter has opened is also F13/v. The

f or egr otiRAtR oPhBRbNErR e brEVeH i xet 7 feumepambinefio ither g. 19

corresponding to the third portion of .,
5 second portion of the shutter time/v from when the shutter

has opened is also F12/v. The foregroﬁnd component of the
eleventh pixel from the left in Fig; 17 corresponding to the
third portion of the shuttér time/v from when the shutter
has opened and the foreground component of the twelfth,pixél
10 from the left in Fig. 17 corresponding to the fourth peortion
of the shutter time/v from when the shutter has opened are
Fi2/v.’
The foreground component of the ninth pixel from the
left of frame #n+1 in Fig. 17 corresponding-to the second
15 portion of the shuttef time/v from when the shutter has
opened is F1ll/v. The foreground component'of the tentﬁ
pixel from the.left in Fig. 17'cdrresponding to the third
-portion of the shutter time/% from when the shutter has
opened is also Ell/v. The foreground component of the
20 eleventh pixel from the left in Fig. 17 corresponding to £ﬁe
fourth portion of the shutter time/v from when the shutter |
has opened is Fll/v.
The fdregtound component of the ninth pixel from the
left of frame #n+l in Fig. 17.corresponding to the third

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



the shutter time/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel fromthe left in Fig. 14dPecanbapondi ng to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are F13/v. 25 The foreground conponent of the tenth pixel fromthe 16 ‘
Decenber 2005 - 74 left of franme #n+l in Fig. 19 corresponding to the
first portion of the shutter tine/v fromwhen the shutter has opened is
F14/v. The foreground conponent of the eleventh pixel fromthe left in
Fig. 19 corresponding to the second 5 portion of the shutter tine/v from
when the shutter has opened is al sod®84/v. The foreground conponent of the
twelfth pixel fromthe left in Fig. 19 corresponding to the first portion
of the shutter time/v fromwhen the shutter has opened is F15/v. 10 Since

the obi SpbrSar 5eSRaRYLN0 Al e RACkARAUNdaLBncRl ALEODRLY, o Dackground

conponent's the nirnth pixel rame In"Fig. 19

corr esPORGNO b Bul Rie 38EANGL! PLUIRT QULLASBARLIARS BT chergptder Ll e/ v

from en the shutter has opened are ckground conmponent s

of the teRthoHi el theoBhlbeeketimalyl EaBR #Adh the EhdrtdP gQLresponding to
the third and fourth portions of the shutter tinme/v fromwhen the shutter

has opeagdnatieiB341%o Fhe/backgneurdregrBanantofbohBatebevent hnpiel from
the left of frame #n+l in Fig. 19 corresponding to the 20 fourth portion of
t he Shubﬁ&éltEHBthBEOMEﬁhertBEaﬁBU#h%l in Fig. 17 corresponding
| to the fourth portion of the shutter time/v from when the
shutter has opened iS‘FOB/Q.
Since the object corrésponding to the background is
stationary, the background component of the tenth pixel from
10 .the left of frame #n+l in'Fig. 17 corresponding to the first
portion of the shutter time/v from ﬁhen the shutter has
opened is B09/v. The background compdnents of the eleventh
pixel from the left of frame #n+l in Figp 17 corresponding
to the first and second portions of the shutter time/v from
15 when the shutter has opened are B10/v. The background
components of the twelfth pixel from the left of frame #n+i
in Fig.,l? corresﬁonding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bll/v.
20.  In frame #n+l in Fig. 17, the tenth through twelfth
| pixels from the left belong to the mixed area, which is a
covered béckgfound area.
- Fig. 18 is a model of an image obtained by extracting
the foreground components fromfthe pixel values shown-in Fig.

25 17.



has opened is B35/v. In frame #n+1 in Fig. 19, the ninth through el eventh
pi xels fromthe left in Fig. 19 belong to the m xed argPecembegB0ds an
uncover ed background area. 25 The twelfth pixel fromthe left of frame #n+l
in Fig. 16 Decenber 2005 - 75 19 belongs to the foreground area. The
foreground conponent in the shutter tinme/v in the foreground area of frane
#n+l is any one of F13 through F16, respectively. Fig. 20 illustrates a
nodel of an inage obtained by 5 extracting the foreground conponents from

t he pixel values shown in Fig. 19. Referring back to Fig. 44 the area
speci fying unit 103 specifies flagssﬁndicating to which of a foreground
area, a background area, a covered background area, or an uncovered 10
background area the individual pixels of the input image belong by using
the pixel vafiugs D Al pistddidy Dimddarmastaanh YiPRIiRaidikey filags to the

m xture-ratio calculator 104 and the notion-blur adjusting unit 106 as the
area i ntbematinendirdStidwe thatpirel atwhichl &b ad Digriddl cadethptesdd he
m xture ratio a for each pixel contained in the m xed area based on the
pi xel vahuébreé frphesabftynoindganeistaided hisy argatutigramtilwigctand
supplies the calculated mxture ratio a to the foreground/ background
. separ at 6PTEO5PoRGI Thet ¢ 02 efp Dantk Bad kghatints sepairyg oro 108 extglbttin the
| 5 Fig. 19'together with an object corresponding to a
étatioﬁary background and which are located at the same
posiﬁions.when the fraﬁes are overlapped. The modél-shown
in Fig. 19 contains an uncovered background area.
In Fig. 19, it can be assumed fhat the object
i0 corresponding to the foregréund is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subseduent-frame.
- Accordingly, the amount of movement v is 4. |
For example, thé:foreground component of the leftmost
15 .pixel of framé #nfl in Fig. 19 corresponding to the first
portion of the shutter time/v from when the shutter has
opene& is Fi3/v, énd the foreground component of the second
pixei from the left in Fig. 19 corresponding toc the second
portion of the shutter time/v froﬁ when the shutter has
20 opéned is also Fl3/v. fhe foreground component of the third
pixel.f;om the left in Fig.719 corresponding to the third
portion of thé shutter time/v from when the shutter has
opéned and the foreground component of the fourth pixel from

the left in Fig. 19 corresponding to the fourth portion'of

25 the. shutter time/v from when the shutter has opened are



f oreground conponent i mage consisting of only the foreground conponents
based on the pixel values of .a plurality of franes, 4 pecprazo0y or mati on,

and the m xture ratio a, and

supplies the foreground conmponent inmage to

the notion-blur 25 adjusting unit 106. .. 1 6 Decenber 2005 - 76 The

notion-blur adjusting unit 106 adjusts the anmount

in the foreground conponent inmage based on the foreground conponent inage
supplied fromthe foreground/ background separator 105, the nption vector

supplied fromthe notion detector 102, and the area

fromthe area specifying unit 103, -arfd -t hen out puts the foreground
conponent inmage in which notion blur is adjusted. The processing for

adj usting the amount of notion blur 10 performed by the signal processor
12 is desgribed below with reference to the flowhart of Fig. 21.
511, the area specifying unit 103 executes area specifying processing,

based on an #ppUf ig@ggm §o [ ' fion -indi.cating to
whi ch of a foregr%un ar%a,é%&%grgilg]% oﬁﬁgefgsa%égfg{ ;E?lcxoe\c/)lerfe]}dﬂ'gécc eground

area, One#h WRCeyghedshagkgnhopng ajea..each HhXehyofotPRei PPHL, i MRge

bel ongs. Details of the area spécifying processing are given bel ow
area sppeirtybAgofutht 3A3teUPPLIAS/{NErGRNGHAL ethar SR tAEPrRRLi on to the

m xture-ratio calculator 104. 20 In step 511, the area specifying unit 103

may enepahed is Fl4/v. The foreground component of the third

10

15

20

25

pixel from the left in Fig. 19 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foregroﬁnd component of the third
pixel from the left in Fig. 19 cofresponding to tﬁe first
poxrtion of the shutter time/v from when the shutter has
opened is F15/v.

Since the object corresponding to'tﬁe background is-
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 19 corresponding to the sécond through
fourth portions of the shutter time/v from when the'shﬁtter
has opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 19
qorrespoﬁding 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

i nformation supplied

In step

The

frame #n-1 in Fig. 19 corresponding to the fourth portion of

the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in Fig. 19, the leftmost pixel through
the third pixel belong to the mixed area, which is an

uncovered background area.

of notion blur contained

5



based on the input inmage, area information indicating to which of the
foreground area, the background area, or the mxed ar ar, ss of
whet her each pi xel belongs to a covered background at €§ é?%%ﬁzﬂhgovered
background area) 25 each pixel of the input inmage belongs. In this case,
the 16 Decenber 2005 - 7 7 - foreground/ background separator 105 and the
notion-blur adjusting unit 106 determ ne based on the direction of the
notion vector whether the mxed area is a covered background area or an
uncover ed background area. For exanple if the 5 input- inmage is disposed in
t he order of ‘the foreground area, I0 7dhs m xed. area, and. the background
area in the direction of the notion vector, it is determned that the

m xed area is a covered background area. 1f the i nput inmage is disposed in.

t he order ofTHediaakyripihgl @de Itfth Hixed Ardn ame tlket fbar eground area
in the direction of the notion vector, it is determned that the m xed

ar ea i sfmamentoveriad anegkglﬁ)wimllora;;eiao tine st@pedd@nd hered Xt Urlez rati o
calculator 104 <calculates the mxture ratio a for each pixel contained in
15 t he P xregreued dagecheont tde thpuiframages dilme omt ioh Rebtwor and the ,
positional information thereof, and the area information. Details of the
m xt ur ethegugh dd4Afating processing are given bel ow. The mixture-ratio

cal culator. 104 S%Pp|les the calculated m xture ratio a to the
5 The léftmost pixel through the fourth pixel from the

left of frame #n in Fig. 18 belong to the background area;
and the pixel ﬁalues thereof are B25 through B28,
respectively.
It can be assumed that the object corfesponding to the
10 foreground is a rigid body moving with cénstant velocity{
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the -
foreground component of the fifth pixel from the left of
frame #n in Fig. 19 corresponding té the first portion of
15 the shutter time/v ffom when the shutter has openéd is Fl3/v,
and the foreground component of the sixth piiel from the
left in Fig. 19 correspbnding to the second portion of the
shutﬁef time/v from whén'the shutter has opened is also |
F13/v. The féreground component of the seventh pixel from
20 the left in Fig. 19 corresponding to the third pQrtiQﬁ of
the shutter time/v from when the shutter has opened and thé
fofeground component of the-eighth pixél from the left in
Fig. 19 correéponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

25 . The foreground component of the sixth pixel from the



20 foreground/ background separator 105. In step S13, the

f or egr ound/ backgr ound separator 105. extracts the forﬁgbounqﬁggﬂ@$nents.
fromthe input image based on the area information a e ratio
a, and supplies the foreground conponents to the motion-blur* 25 adjusting
unit 106 as the foreground conponent inage. 16 Decenber 2005 - 78 1In step
S14, the notion-blur adjusting unit 106 generates, based on the notion
vector and the area information, the unit of processing that indicates the
positions of consecutive pixels disposed in the noving 5 direction and

bel onging to any of the uncovered background area,. the foreground area,
and the covered background area, and adjusts the anmount of notion blur
contained in the foreground conponents corresponding to the unit of

- processi et D8t & gDl fm Ricessi 0g haspadihval oy the riPsamount of
nmotion blur are given below I'n step S15, the signal processor 12

det er mi nesrmhe! M cHRHRREeSHing /kS chbRi ghed §aL thacwdel gascreen. If it
is determned that the processing is not finished for the whole screen,

t he procgssndgd aeeadsi/kQ strep $b4egabdnbihecppeaeasi g thef sevadinisting the,
anmount of notion blur for the foreground conponents corresponding to the

unit of mireriessiong the legpedhedigl.f 1bt cosrdependingdtbnthéepeSihdt hat the
processing is finished for the whole screen, the processing is conpleted.
5 portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the
_eighth pixel from the left in Fig. 19 corresponding to the
first portion of the shutter time/v from when the shutter
has.opened is F15/v.

10 Since the object corresponding to the background is
stationary, the background components of the fifth pixel
from the left. of frame #n in Fig. 19 corresponding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background

15 components of the sixth pixel fromlfhe left of frame #n in
Fig. 19 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are
.E30/V.' The background component of the seventh pixel frbm
the left of frame #n in Fig. 19 corresponding to the fourth

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

~opened 1is B31/v-

In frame #n in Fig. 19, thé fifth pixel through the
seventh pixel from the left belong té the mixed area, .which
is an uncovered background area. |

25 . The eighth through twelfth pixels from the left of



20 In this manner, the signal processor 12 is capable of adjusting the

anount of notion blur -contained in the foreground by arat i he
foreground and the background. That is, the signal p#§§§§fﬁ$mggm$s capabl e

of adjusting the amunt of notion blur contained in sanpled data

i ndi cating 25 the-pixel values of the foreground pixels. 16 Decenber 2005 -
79 The configuration of each of the area specifying unit 103, the

m xture-ratio cal cul ator 104, the foreground/ background separator 105, and
the notion-blur adjusting unit 106 is described below 5 Fig. 22 is a

bl ock diagramillustrating an exanpl &3of the configuration of the area
speci fying unit 103. The area specifying unit 103 shown in Fig. 22 does
not use a notion vector. A frane nenory 201 stores an input inmage in units

of framgsandhen ig%i&paﬁ?Eﬁe?§$r98%§3%$§eéf d#é‘r%%he 0. frame nenory

201 stores frane #n-2; he frame two™ . franes fore ?rane #n,

frame #9alueWphChnlscdPegtban® QPEa &f apBadhiel gf ecéf?%‘%p%%ﬁirﬁéaﬂ@ #n, frame

#n+1l, which is the frane one frane after franme #n, ame #n+2, which is
the frane p¥piddasEstét Shuttafee fie /15 A StatdQ0asy/ FDY R RHRYHN Ni ng
portion 202-1 reads the pixel value of the pixel of frame #n+2 |ocated at
the sanB20pesition as a designated pixel of frame #n in which the area to
whi ch the pixel belongs is determ ned, and reads the pixel value-of the

pi xé of fradie Arftrdodatpectedt dhewitehe eighth pixel from the
left of frame #n+l in Fig. 19 belong to the background area,
and the pixel values thereof are B25 through B32,
respectively.
It can be assumed that the object corresponding to the
.10 foreground is a rigid body moving with constant velocity,
and that it is moving such that it is displayéd four pixels
"to the right in the subsequent frame. 'Accordingly, the
- foreground component of the‘ninth pixel from the left of
frame #n+l in Fig. 19 corresponding to the fitSt portion of
15 the shutter time/v from when the shutter has opened is Fl3/v,
and the foreground component of the tenth pixel from the
left in Fig. 19 corresponding to the secqnd,portion‘df the
shutfer time/&rfrom when the shutter has opeﬁed is also
F13/v. The foreground component of the eleventh pixel_from
20 the left in Fig. 19 corresponding to the third portion of{
the shutter time/v from when the shutter has opéned and the
foreground component of the twelfth pixel from the left in
Fiq. 19 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are Fl13/v.

25 . The foreground component of the tenth pixel from the



20 position of the designated pixel of franme #n. fromthe frame nenory
201, and cal cul ates the absol ute value of the differqgﬁf begmgg& t he read
pi xel values. The stationary/noving determ ning porti CHCT ?ernines
whet her the absolute value of the difference between the 25 pixel val ue of
frame #n+2 and the pixel value of frame #n+l1l. 16 Decenber 2005 - 80 is
greater than a preset threshold Th. If it is determned that the
difference is.greater than the threshold Th, a stationary/noving
determ nation indicating "noving" is supplied to an area determ ning
portion 203-1. If it. is 5- determ-netdt-hat the absol ute value of the
di fference between the pixel value of the pixel of frame #n+2 and the
pi xel value of the pixel of frame #n+l is snmaller than or equal to the

threshol fbdth.of e SAUANANY Y NG oI RLCIDIAG AN h0Rn202 dy suppl i es a

stationary/ noving determ nation’i cating stationary he area

det er 1 Hdior £91 [d0RD Ikt ;S rAlleOUARYLIDYHAY ARLELAT,0LBY ROLLI ON 202-2

reads the pixel value of a designated piXx rane #n in ich the area

to whi chogditedi delriehongsHes dekerBunad corpdneaads rt RRe RiXELnvRl ue of the
pi xel of frame #n+l |ocated at the same 15 position as the designated pixéel:

of frampielf rivent hend N ikEmaL) 201cozrdspahaihat €5 the absshate val ue’
of the difference between the pixel values. The stationary/ noving
det ebmi mawy igor tdforch202h: tdetre tiinegs Shemhehehhehabshlitter natue of the
di fference between the pixel value of frane
opened is also F14/v. The foreground component of the
twelfth pixel from the left in Fig. 19 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v.

10 | Since the object corresponding to the backgfound is
stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 19 corresponding to the
second through fourth portions of the shutter time/v from
when the shﬁtter has opened are'533/v. The background

15 components of the tenth pixel from the léft of frame {#n+l in
Fig. 19 corresponding td the third and‘fourth'portions of
the shutter time/v from when the shutter has opened are
B34/§. The background ccomponent of the eléventh pixel from
the left of frame #n+l in Fig. 19 corresponding to the

20 _fourth portion éf fhe shutter time/v from when the shuttér
has. opened is B35/v.

In frame #n+l in Fig. 19, the ninth fhfough aleventh
pixels from the left in Fig. 19 belong to the mixed area,

which is an uncovered background area.

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



20 #n+l and the pixel value of frame #n is greater than a preéet t hreshol d
Th.. If it is determned that the absolute value of {dpeéiniceresse.
bet ween the pixel values is greater than the threshold Th, a

stationary/ noving determ nation indicating "noving" is supplied-to the

area.determning 25 portion 203-1 and an area determ ning portion 203-2.
[f. it 16 Decenber 2005 - 81 1is determned that the absolute value of the.
difference between the pixel value of the .pixel of frame #n+l and the

pi xel value of the pixel of frame #n_js smaller than or equal to the

t hreshold Th, the stationary/nnving'3étérnining 5 portion 202-2 supplies
a.stationary/noving determnation indicating "stationary" to the area
determ ning portion 203- 1 and the area determ ning portion 203-2. A

st ati onddybedvngg tlet ehai Abnggpouhdoar282- 3Theadsrédieoupni Xxebmyaheet of a
desi gnated pixel of frame #n in which the 10 area to which the pixel

bel ongs iins téet ehnthed, tamd/vednsthbhefpiragrovad uered ¢hefpamel #0f1frame #n-1
| ocated at the same position as the designated pixel of frame #n fromthe -
frame ASmeRy 20¢, cnbliatbudavkesFihe nbspeéctévebyue of the difference
bet ween the pixel values.. The stationary/ noving 15 determ ni ng portion

© 202- 3 det er F Hés 4thetHerstnid e spinadel & @ dmagdee dditfaisrashdy bet ween t he

pixgé value of frame #n and the pixel value of frane #n-1 is greater than
a presefXrRAFEIRGI BhFhEoreareund GorRPREREY FRAR thR bSOl ((R1WR¥ue of the

d|fferegﬁgwgegxesggﬁhfgpler values i s greater than:

Referring back to Fig. 4, the area spécifying unit 103
specifies flags indicating to Whiéh of a foreground area; a
background area, a covered background area, or an unéovered

10 background area the individual bixels-of the input image
belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture-ratio calculator 104
and the motion-blur adjusting unit 106 as the area
information. |
15 The mixture-ratio calculator 104 calculates the mixtﬁre
ratio o for each pixel contained in the mixed area bésed on
the pixel values of a plurality of frames and the area
' infofmation, and supplies the calculated mixture ratio « to
the foreground/background separator 105.
20 ~ The foreground/baquround separator 105 extracts'thé
| ‘foreground component imége consisting of oniy the foregréundr
components based on the pixel values of a plurality of
‘lfrémes, the area information, and the mixture ratio o, and‘
supplieé the foregrouﬁd componént image to the motion~blur

25 adjusting unit 106.



20 the threshold Th, a stationary/noving determ nation indicating "noving"
is supplied to the area determining portion 203-2 angk BecedilRR 206 er m ni ng
portion 203-3. If it is determned that the absolute value of the _
difference between the pixel value of the pixel of frame #n and the 25 -
pi xel value of the pixel of frame #n-1 is smaller than or 16 Decenber 2005
- 82 equal to the threshold Th, the stationary/noving determning portion
202- 3 supplies a stationary/ noving determ nation indicating "stationary"
to the area determ ning portion 203- 2 and the area determ ning portion
203=3. 5 A -~stationary/ noving detefriéi-ng portion 202-4 reads the pixel
val ue of the pixel of frame #n-1 located at the sane position as a

desi gnat ed pi xel of franme #n in which the area to which the pixel bel ongs

S _det erm nedne g i SA0B1ERCAaRhEEL nd AP Of 06 NEaIIE! A ol 2

located at the same 10 position as the designated pixel o rame #n from

the framy JRILY A%k AR aGRlaUlAl @fet @ﬁréeiehﬁaecm{;aﬁe&{ Hfigye di fTerence
bet ween the pi xel values. The stationary/noving determning portion 202-4

det er m nescshehhehet e rabsehube cokpbHenef iﬁagedisﬁg‘aﬁw@&ef]?&ﬁw the pixel
value of frame #n 15 1 and the pixel value of frame #n-2 is greater than a

preset fidieegsbond/backbrouhd Segatrargirnedst hahet A6t 8bs ol et val ue of the
di fference between the pixel values is greater than the threshold Th, a
st at b onasuppidednfrdat ehel nation Hedecabiny02 poshdgthésasepplied to the area
det er m ni ng : ‘
information supplied from the area specifying unit 103, and
then outputs the foreground component iﬁage in which motion
. blur is adjusted.
The preocessing for adjusting the amount_of motion blur
10 performed by the éignal proéessbr 12 is described below with
reference to the flowchart of Fig. 21. 1In step 811, the
area speCifying unit 103 executes area specifying processing,
based on an input image, for generating area information
' indicatiﬁg to which of a foreground area, a background area,
15 a cowvered backgrouhd area, or an uncovered background area
each pixel'of the input image belongs. Details of the area
specifying processing are given below. The area specifying '
unit 103 supplies the generated area information to the |
mixture-ratio calculator 104.
20 -‘In step S11, the area specifying unit 103 may geﬁerate,
based on the input image, area information indicating to
which of the foreground area, the background area, or the
miked area (fegardless of whether each pixel belongs to a -

covered background area or an uncovered background'area)

25 . each pixel of the input image belongs. 1In this case, the



20 portion 203-3. If it is determned that the absolute value "of the

di fference between the pixel value of the pixel of frgmecéfibe 2008 the
pi xel value of the pixel of frane M2. is snmaller than or e qual to the

‘threshold Th, the stationary/ noving determ ning portion 202-4 supplies a 25

stationary/ noving determ nation indicating "stationary" to 16 Decenber 2005
- 83 the area determ ning portion 203-3 Wen the stationary/ novi ng
determination supplied from the stationary/noving determ ning portion
202-1 indicates "stationary" and when the stationary/noving determ nation
5 supplied fromthe stationary/ noving?determ ning portion 202- 20 "noving"
or when the stationary/noving determnation .supplied fromthe

stationary/ noving determining portion 202- 2 indicates "stationary", the
area spestéyraindhi clPsodnd heesd @ danared nd Rthd g Por tion 202-1
indicates 2 indicates "noving", the area determ ning portion 203-1

det er m s¢pud bidg tinei €l esi @ nad et ne Ibaofed ram N 38l@snt @f &heuncover ed

- background area, and sets "1", which indicates that the designated pixel

bel ongsméviam wactowe et tieek grioind xal efred NAR WikereE baakekguadnd- ar ea,
determning flag associated with the designated pixel. Wen the
st at i onarsd now i ang weteremaratbarkguppld edda.omitet exampds ,t A&t thee
desi gnat ed pi xel of frane does not
5 input image is disposed in the order of the foreground area,
the mixed area, and the background area in the direction of
the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
10 foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area.
In step S12, the mixture-ratio calculator 104
calculates the mixture ratio « for each pixel contained in
-15  the ﬁixed area based on the input image, the motion vector
and the pgsitional-information thereof, and the area:
information. Details of the mixture ratio caléulating
processing are given below. The mixture-ratio calculator
104 supplies the calculated mixture ratio o to the
20 foréground/backg:cund separator'lOS;
In step 513, the fbreground/background separator 105
extracts the foreground components from the input image-
baéed on the area information and the mixture ratio «, andl

supplies the foreground components to the motion-blur’

25 adjusting unit 106 as the foreground component image.



bel ong to an uncovered background area, and sets "0", which indicates that
the designated pixel does not belong to an uncovered di9&dcaieppghsar ea, in

t he uncover ed- background-area determ ning flag associated with the

desi gnated pi xel. The area determining portion 203-1 supplies the :
uncover ed- background-area determning flag in which "1" or "0" is set as
di scussed above to a determning-flag-storing 25 frame nenory 204. 16
Decenber 2005 - 84 \Wen the stationary/ noving determ nation supplied from
the stationary/ noving determ ning portion 202-2 indicates "stationary" and
when the stationary/ noving determ nation- supplied fromthe '
stationary/ noving determ ning portion 202 5 3 indicate "stationary", the
area determ ning portion 203-2 determ nes that the designated pixel of

e o0 bel A0ste shhe, FhELISRRLY.AISP. ANsPFhs L HLCh 1 ndlcates

that the pixel "befongs‘to nary-area

det i i iated . with the desi t ixel When th
s?a?{ghgiy ﬁ%ﬁ%%ﬁaggggpﬁkﬁaFﬁ%nggkﬁgFigghg?%nggﬁﬁgﬁgs?g%gonafglnDSing

det er mi iy BRI 292 %nii@db%ab%ace;g%;; hal ;628 E0E. #1811 onary/ noy! By

determ nation supplied fromthe stationary/noving determ ning portion 202-

3 i ndi cCe i tHNGT bRBeaLeAvEACHeLEN B RYsPAELHO0NN 2PRa Zndwi MGt €r m nes that
t he designated pixel of frame #n does not "belong to the stationary area,

and set sli'@¥ct i ehd Beileayesy tbaknyherpikel udessefol Betrpsohdt he
statlonary area, n .
area, the foreground area, and the covered background area,
and adjusts the amount of motion blur contained in the
foreground components corresponding to the unit of
processing. Details oflthe processing for.adjusting the
10 aﬁouﬁt of motion blur are‘given below.

In step S15, the signél processor 12 determines whether
tﬁe procéssing is finished for the whole screen. If it is
determined that the processing is not finished for the whole
screen, the process proceeds to step 514, and the processing

15 for adjusting the amount of ﬁotidn blur for the foreground
components corresponding to the unit of processing is
repeated. |

'If it is determined in step S15 that the processing is
finished for the whole screen, the processing is completed.

20 In this manner, the signal proéessor‘12 is-qapabie of
adjusting the amount of motion blur contained in the
foreground by‘separating the foreground and the'backgrouﬁd.'
Thét is, the signal processor 12 is capable of adjusting thel
amount of motion.biur contained in sampled data ihdicating

25 the pixel values of the foreground pixels.



t he statiohary-area. determ ning flag associated with the designated

pi xel . 20 The area determining portion 203-2 supplies)é Pecensficabo@nary- ar ea
determining flag in which "1" or 110" is set as discussed above to the-

.determining-flag-storing frame nenory 204. Wen the stationary/ noving

determ nation supplied from 25 the. stationary/noving determ ning portion
202-2 indicates 16 Decenber 2005 85 "noving" and when the

stationary/ noving determ nation supplied fromthe stationary/noving
determ ning portion 202- 3 indicate poving", the area determ ning portion
203-2 determ nes that the designafea pi xel of frame #n belongs to 5 the

-nmoving area, and sets "1", which indicates that the designated pixe

bel ongs to the noving area, in a noving area determ ning flag associ ated
wi th the desitgnatced igjueeltioriNeeh ddud sifatthenarganspend fgehgr ninat i on
supplied fromthe stationary/ noving determ ning portion 202-2 indicates 10
"stati oh@By"tle miretrutdrerast e | ombeylatea g Dettdrari nation  supplied fromthe
stationary/ noving determ ning portion 202- 3 indicate "stationary", the
area defereyndurdfforckaroRns- Pepakea ki His tangt thee mpdsiogn®led pi xel of
frame #n _does not belong to the noving area, and sets "0", which indicates
15 t hatadheskine| unidesl Hotipelomrriked Heel@ri ng area, in the noving-area
determ ning flag associated with the designated, pixel.
5 Fig. 22 is a block diagram illustrating an example of
the configuration of the area specifying unit 103. The area
-specifying unit 103 shown in Fig.. 22 does not use a motion
vector. A frame memory 201 stores an input image in units
of frames. When the image to be processed is frame #n, the
10 frame memory 201 stores frame #n-2, which is the frame two
frames before frame #n, frame #n-1, which is the frame one
frame before frame #n, frame #n, frame #n+l, which is the
frame one frame after frame #n, frame #n+2, which is the
frame two frames after frame #n.
15 A stationary/moving determining portion 202—1‘reads the
pixel value of the pixel of frame #n+2 located at the same
. position as a designated pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value. of the pixel of frame #n+l located at the same
20 position of the designated pi#el of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the read pixel values. The
stationary/moving determining portion 202-1 determines

whether the absolute value of the difference between the

25 pixel'value of frame #n+2 and the pixel value of frame #n+l.



The area determ ning portion 203--2 supplies the noving- area determning
flag in which "1" or "0" is set as 20. discussed abovgs pH&ehihRr 2005

determ ning--flag--storing frame nmenory 204. Wen the stationary/ noving
determ nation supplied from the stationary/noving determ ning portion
202-3 indicates "noving" and when the stationary/noving determ nation .25
supplied fromthe stationary/ noving determ ning portion 202 16 Decenber
2005 - 86 4 indicate "stationary", the area determ ning portion 203-3
determ nes that the designated pixel of frane #n belongs to a covered
background area, and sets "1", whichgmdicates that the designated pixe
bel ongs to the covered background 5 area, in a covered-background-area
determning flag associated with the designated pixel. \Wen the

SLeLt onamg SALE BALLeD BUPRLLESSl KA Y0° 7 A AORL TR
tati i . i | Led th td / i
SLeLt g el ek o0, A0, UPRILAS, O HI UL D

203- 3 o0l - kN ' APk %8k frane, wes.not belong to
o cover oq RaCkary ny e A= TR ghaRaL egPu Klyolks b Rt IO PR % he. ,
desi gnatsggponiixel +dogs B.QteabEEQ@QmELHiﬁ?:LEoEQYgﬁeQ‘O?aﬁ[(g_r9’5‘”&a;[§a1 in the

cover ed- background-area determning flag associated with the designated
pi xeb. dEeraiaaqdehatmtAengpBOLLteNvEP3e308URREI 85rF8Bence between
the pixel valﬁe of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smaller than or equal to
the threshold Th, the stationary/moving determining portion
202-1 supplies a stationary/moving determination indicating
10 "stationary" to the area determining portion 203-1.

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

15 position as the designated pixel of frame #nlfrom the frame
memory 201, and calculétes the absolute vadlue of the
difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absalute
value of the difference betieen the pixel value of frameA

- 20 #n%l and the pixel value of frame #n isrgreater than a
preset threshold Th. If it is determined that the absolute
'valué of the difference‘between:the pixel_vaers is greater
thén the threshold Th, a stationary/moving determination
indicating "movingh is supplied to the area,determiniﬁg

25 portion 203-1 and an area determining portion 203-2. If it



cover ed- background-area determning flag in which "1" or 1is set as

" discussed above to the determining-flag-storing 11011;2BedciER 208570ry 204.

The determining-flag-storing frane nenory 204 thus .stores the

.uncover ed- background-area determning flag supplied fromthe area

determ ning portion 203-1, the stationary-area deternmning flag supplled
fromthe area 25 deternining'portlon 203-2, the noving-area determ ning |
flag -- 87 supplied fromthe area determ ning, portion 203-2, and the |

" cover ed- background-area determning flag supplied fromthe area |
determ ning portion 203-3. The deterﬁﬂnlng flag-storing frame nenory 204
supplies 5 the uncovered-background-area determning flag, the

stationary-area determning flag, the noving-area .determning flag, and

"the covesedebaekghednghat ethe SOtSLHELAI VgL hd agrf stins edi thefe@ideto a

synt hesi zer 205. The synthesizer 205 generates area information indicating

to 10 wbetheoh the phreveretubackRgtineingiasbaor tfwansd afnohaanyd artea, the

novi ng area, or the covered background area each pixel belongs based on

t he uncpuseédvbackgeduhlde ap e ted £r iramaghin flagsnahleestEdtawnar y- ar ea

~deternmining flag, the noving-area determining flag, and the
coveredebaekgtguhueatbaeaEOU@tﬁhn1hh@gﬁt&%@p@ﬂﬂxﬁqunﬁq(ﬂﬁﬁ&ﬂWlnlng
determning-flag-storing franme nenory 204, and supplies the area

i nf O mePPER1EE A02det aupphiey-41 a@agwﬁmg/mqw rﬁ%ﬁﬁvﬂmmn

indicating "stationary" to the area determining portion 203-
1 andrthe area detérmining portion 203—2. |
A stationary/moving determining portion 202-3 reads the
pixel wvalue of a designated pixel of framé #n in which the
10 area to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n-1 located at the same
position - -as the designated pixel of frame #n from the frame
memory 201, and calculates theé absolute value of the
difference between the pixe; values. The stationary/moving
'157 determining portion 202-3 determines whether the absolute
value of the difference between the pixel vaiue of frame #n
and the pixel value of frame #n-1 is greater than a preset
threéhold Th. If it is determined that the absélute value
"of the difference between the pixel wvalues is greater than
20 the threshold Th, a stationarY/moviﬁg determination |
-indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203—3.A‘If it
is determined that the absolute value of the difference
between the pixel Value'of the pixel bf frame #n and the

25 pixel value of the pixel of frame #n—l is smaller than or



The determ ning-flag-storing frame nenory 206 stores the area infornmation
supplied, fromthe synthesizer'205, and 20 al so out puigEpbigntt 8605
information stored therein. An exanple of the processing perforned by the
area specifying unit 103 is . described- below with reference to Figs. 23
-through 27. \Wen the object corresponding to the foreground is 25 noving,
the position of the inmage corresponding to the 16 Decenber 2005 - 88

obj ect on the screen changes in every frane. As shown in Fig. 23, the -
image corresponding to the object located at the position indicated by
Yn.(x,y) in frane #n is positioned— &2 ¥n+1(x,y) in frame #n+l, which is
subsequent to frane #n. 5 A nodel obtained by expanding in the tine
direction the pixel values of the pixels aligned side-by-side in the

novi n i t kon +ef i rr ondi L ore .ohject is
Chowni Rt ) o8 KRECRBIR AL ! FRRONEARIcha Sl iov) ALCHLOUN OIEC

cor r esperditnant @okhe %ngQE%SrQUB@a@@bﬁﬁEyVﬁOOQﬁ?zSQEékmﬂhéﬁiéﬁsPeCt to the
screen, the nodel shown 1n Fig. 24 is a nbdel obfained by expanding in the

time dineetiicaminhe "pickehorakyestaf thBeapbXelistcPh$A8§0pOP Boh i I183 -
side-by-side. In Fig. 24, the line in frane #n is equal to the line in
frame #8+bndThaef aregr aundrmonpngepbstionr espondi ng to the obj ect
contained in the second pixel to the thirteenth pixel from
5 A stationary/moving determining portion 202-4 reads the
pixel value of the pixel of frame #n-1 located at the same
position as a designated pixel of frame #n in which the area
to whichrthe pixel belongs is determined, and reads the |
pixel value of ﬁhe pixel of fréme #n-2 located at the same
10 position as thé designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the pixel valuesr The stationary/moving
determining portion 202-4 determines whether the absoclute
value of the difference between the pixel value of frame #n-—
15 1 and the pixel value of frame #n-2 is greater than a preset
threshold Th. If it is determined that the absolufe vaiue
of the differenée between the pixel values_is_greater'than
the fhreshold Th, a stationary/moving détermination
-indicating "moving" is supplied to the area determining
- 20 poftion 203-3. If it is determined that the absolute value‘
of the difference between the pixel value éf the pi%el 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

© 25 stationary/moving determination indicating *“statiohary" to -



the left in frame #n are contained in the sixth pixel through the-
seventeenth pixel fromthe left in frame #n+l. |In fr #n,., t i xel s
"belonging to the covered background area are the eIe@gEFﬁﬁWWFgﬁg ]
thirteenth pixels fromthe left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from the left- In
frame #n+l, the pixels belonging to the 25 covered background area are the
fifteenth through 16 Decenber 2005 - 89 seventeenth pixels fromthe |eft,
and the pixels belonging to the uncovered background area are the sixth
through eighth pixels fromthe |eft 83l n the exanple shown in, Fig. 24,
since the foreground 5 conponents contained in frame #n are noved by four
pixels in franme #n+l, the amount of novenent v is 4. The nunber of

—'Virt“akhgigngdd89é£59ﬂ§P§Zﬁ§g%9°ﬁc 9§g§pce with the anount of novenent

v. A description s now g a change in pixel value s 10 of the

“pi xel's bel ongidig {1 the ¢ et Fref idy tdie I aiTes s hef Qi akd rabher a

designated frane. In Fig- 25, the piXels belonging to a covered . background:

area i ntheapBa#lohfrWhhehihhesbeskaioung bsrtsbatsonar yimt-4des anount of
nmovenent v in the foreground is 15 4 are the fifteenth through seventeenth

pi xel s fEeALiBRalef tand SkREE the ePPLNdn&fv /MyeiRftdytétuihatin fifteenth
t hrough® seventeenth frames fromthe left in the- previous frame #n-
5 supplied from the stationary/moving determining portion 202- -
2 indicates "moving", the area determining portion 203-1
detefmines that tne‘designated pixel of frame #n belongs to
an uncovered background area, and sets "l“, which indicates
that the designated pixel belongs to an uncevered background
10 area, in an uncovered—background—area determining flag
associated with the deeignated‘pixel.

When the stationary/moving determination supplied from
the stationary/movingldetermining portion 202-1 indicates
"moving" or wnen the stationary/moving determination

15. supplied fiom the stationary/moving determining portion 202-
2 indicates "stationary", the area specifying unit 203-1
: aetermines that the designated pixel ofvframe #n does not
belong to an uncovered background area, and sets "0", whieh
indicates that the'designated pixel does not belong to an
20 undovered background area,_in the uncovered—background—area'
determining flag assoeciated with the designated pixel.

The area determining portion 203-1 supplies the
unCovered—background—area determining flag in wnich "1" or
"0" is set as discussed above to a determining-flag~storing

25 frame memory 204.



.contain only background conponents and belong to the background area. The
fifteenth through seventeenth pixels 20 fromthe |efjgpheldtRpBodsn-2, which
is one before frame #n-1, contain only background conponents and belong to
the background area. Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel fromthe 25 left in
frame #n-1 does not change fromthe pixel value of., 16 Decenber 2005 - 90
the fifteenth pixel fromthe left in frame #n-2. Sinmilarly, the pixel
val ue of the sixteenth pixel fromthe left in frame #n-1 does not change
~fromthe pixel value of the sixteentdn pixel fromthe left in frame #n-2,
and the pixel value of the seventeenth pixel fromthe left in frame #n--|
does not change from the plxel val ue of the seventeenth pixel fron1the

left infra i | xe s fra #n- |
borr esnond: mEngl” fne TREGE} Saad DPnBY K8 Sl L bh BB 0L | QIR ML T 2

frane. #Qﬁ%P%%b%Ho%Brg?hxxg §k§é98Fﬁ1n§ﬁ§p§§§E Sn 2p5.- éhfnﬁiéﬁﬁeya'“es

t her eof not chang I'ngly solute val ue e difference

bet ween « Jthe jRinsel v ahHeqnka %h@%%a@miﬁgkl%mbb?n&t &ét&ﬂﬁiﬁ{éﬂ’c\!ﬂl ng
-deternination nmadé for the pixels in frane Trame

correSD%@}ﬁgetao B8 RhieksabebandiMeot9n haeﬁb%ﬁﬂnﬁﬁgapowléﬁ amz#n by the
stationary/noving determining portion 202-4 is."stationary"
5 3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the stationary area, and sets "1", which indicates that the
pixel belongs to the stationary area, in a stationary—area
determining flag associated with the designated pixel.

10 | When the stationary/moﬁing determination supplied from
the stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/mqving determination
subplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portidn 203-2

15 determines that the-designated pixel ofrframe #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the'étationary area, in
the étationary—area_determining'flag associated with the
designated pixel. -

20 ' The area determining portion 2b3—2 sﬁpplies the
stationary;a;ea determining flég.in which "1" or “d" is set

~as discussed above to the detetmining—flag—storing frame
meﬁory 204 .
When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates



Since the pixels belonging to the covered background area in frane #n
contain foreground conponents, the pixel 20 values tfeneintafgood fferen
fromthose of franme #n-1 consisting of only background conponents. .
.Accordingly, the stationary/noving determ nation nmade for the pixels

bel onging to the mxed area in franme #n and the corresponding pixels in
frame #n-1 by the stationary/noving 25 determ ning portion 202-3 is
"nmoving". 16 Decenber 2005 - 91 Wien the stationary/ noving determ nation
result indicating "noving” is supplied fromthe stationary/ noving

determ ni ng portion 202-3, and when fRe st ati onar y/ moving determ nation
result indicating "stationary"” is supplied 5 fromthe stationary/ novi ng
determ ning portion 202-4, as discussed above., the area determ ning _ .
porti on"RA63i8y" deker vihae sthidas td bbototy AsPeity Nt peelsaidong to a covered
background area. In Fig. 26, in frame #n in which the background is 1.0 '
st at i onsmyp hied t ficoranoiuat s od t havenefmowing ddies fmairreigre skt ison 4,023-he pi xel s
contained in an uncovered background area are the second through fourth

pi xel s $romiitete etovBigite tihe apemuhdteafmimeentrtids 2)3-the second ,
through fourth pixels fromthe left in the subsequent frane #n+l contain
onl y 15¢eekygiremdtbvhpdiress tonhtbed anigieb ehdtmakdgimodmlangm.tdn  frame
#n+2, which is subsequent to frame #n+l, the second through fourth pixels
from t Ne¢ dRevEhtar er ordiA ik r'otind which indicates that the

designated pixel belongs to the moving area, in a moving—
area determining flag associated with the designated pixel.
When the stationary/moving deterﬁination'supplied from
?he stationary/moving detefmining portion 202-2 indicates
10 "stationary" or when fhe stationary/moving determination
‘supﬁiied from the statiénary/moving determining portion 202-

3 indicate "stationary", the area determining portion 203-2

determines that the designated pixel of frame #n does not
belong to the moving area, and sets "0", which indicates
15 that the pixel does nof belong to the moving area, in the
moving-area determining flag associated with the designated
pixel.
.The area determining portion 203~2_supplies the moving~-
area determining flag in which "1" or “0" is set as
'201 discussed aﬁove to the déterminingmflag~storing frame memﬁry
- 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion éOZ%B_indicates
"moving" and when the stationary/moving determination |

25 supplied from the stationary/moving determining portion 202-



cbnponents and belong to the background area. Since the object

corresponding to the background is 20 stationary, thegspPedghbaéabose of the

second pixel fromthe left in frame #n+2 does not change from the pixel
value of the second pixel fromthe left in frane #n+l. Simlarly,

pi xel

fromthe pixel value of the third pixel . 25 fromthe left in frame
and the pixel value of the 16 Decenber 2005 - 92 fourth pixel fromthe

| ef t
pi xel

background area in frame.#n consist of only background conponents,

e p|xe values is

t he

value of the third pixel fromthe left in frane #n+2 does not change

#n+l,

in frame #n+2 does not change fromthe pixel value of the fourth
fromthe left in frame #n+l .- Btat- is, the pixels in frame #n+l and
. frame #n+2 5 corresponding to the pixels belonging to the uncovered

and t he

~ pi xel V@i%ﬁﬁh&ﬂﬁfemgtaglgﬁgr hangg. RG5O gt@ﬂh%nlnauggpﬁﬁéHtfoyaéue of the

di ff erence between

stat i onafetdrminag %ﬂa@etﬁ@meaabﬁatga%&e bherpPixel §nl BeibRgE £#H+ and
frame #n+2 corresponding to thé pixels belonging to the m xed area

frame' #m bib\ﬁefi%dsbabkﬁﬂéﬁ)iéi”ﬁ\fbag deties8t 8i ngupoghi OR i8Zcadeds

"stationary". Since t

e pi xel s belonging to the uncovered background

.in

15

area in thaanehéndeeabfelopegeRUBH168POPENtBe tHGe Pbd ChackGto@sd t her eof

are different fromthose of frame #n+1

conpbnertra ,Adoordagkeyedtbackground-area determining flag

i0

15

. 20

25

associated with the designated pixel.

When the stationary/moving determination supplied ffom
the stationary/moving determining nortion 202-3 indicates
"stetionary" or when the stationary/moving determination
supplied from the stationarY/moving determining portion 202-
4 indicate “moving", the area determining portion 203-3
determines that the designated pixel of frame #n does not

belong to a covered background area, and sets "0", which

. indicates that the designated pixel does not belong to a

covered background area, in the covered-background-area
determining flag associated with the designated pixel.

The area determining portion 203-3 supplies the

covered-background~area determining flag in which "1" or "“0".

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

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 determining flag supplied from the area

determining portion 203-2, the moving-area determining flag

consi sting of only background



stationary/ noving determ nati on nade for the pixels belonging to the m xed
area in frame #n and the 20 correspondi ng-pi xel s in-f{gecibed2¢05 t he

stati onary/ noving determ ning portion 202-2 is "noving". Wen the )
stationary/ noving determ nation result indicating "nmoving," is supplied

fromthe stationary/noving determning portion 202-2, and when the

stationary/ noving 25 determnation result indicating "stationary" is
supplied 16 Decenber 2005 - 93 fromthe stationary/ noving determn ning
portion 202-1, as discussed above, the area determ ning portion 203-1
determines that the correspondi ng pi 8€l s bel ong to an uncovered background
area 5 Fig. 27.illustrates determ nation conditions for frane #n nmade by
the area specifying unit 103. Wen the determ nation result for the pixel

in framg,8p;2-40eabRdtAL al-bg ROy POSEELOR $e322Pixgd dde frame #n to
be _procgggegeang?%or pheap?xe éﬁﬁ_ ranéggg-l %ocated aF the .10 sane
pOSltlQBo@éré@ebe%?LOhﬁdiéﬁég_&@téémﬁﬂﬁﬁgoﬁﬁég1s 1idfefrddeche

determ nation resulf for the pixel in franme #n an the pixel in frame #n-1
| ocat edaatat Ber&aMeni HBIBoPOSHAI DO3-AS the pixel in frame #n is noving, the
area specifying unit 103 determines that the pixel in franme #n belongs to

- a 15 cover edrihackgttnnich aigat 1 Ahetddiaglalemd Radndan, roesulduppanetshe pi xel

in frame #n. and the pixel in frame #n-1 |ocated at the same inmage
5 the uncovered-background-area determining flag, the ;

stationary-area detérmining flag, the moving-area
‘detgrmining flag, and the covered-background-area
determmining flag stored therein to a synthesizer 205. The
synthesizer 205 generates area information indicating to
10 which of the uncovered background_area, the stationary area,
the moving area, or the covered background area each pixel
belongs.based on’ the uncovered-background-area determining
flag, therstationary—area-determining flag, the moving—area
determining flag, and the covered-background-area
15 determining flag supplied from the determining—flag—storing
frame memory 204, and Supplies ﬁhe area information to a
dete;mining—fiag—storing frame memory 206.
.The determining-flag~storing frame memory 20675tore§
the area information supplied from the synthesizer'ZOS, and
20 alSO'outputs the érea'information stored therein.
| An example of the processing'performéd by the area
specifying unit 103 is.described'below with reference to
Figs. 23 through 27.
When the objeét cdrresponding to the foreground ié

25 moving, the position of the image corresponding to the



position as the pixel in frame #n is stationary, and %lhen" the

determ nation result-for the pixel in frame #n and t hg; BEcdphbeelodn frane
#n+l located at the sane image position as the p . ixel in frane #n is
stationary, the area specifying unit 103 determ nes that the pixel in
frame #n belongs to the stationary area Wien the determ nation result for
the pixel in frame #n 25. - and. the pixel in frame #n-1 |located at the
sanme i mage 16 Decenber 2005 - 94 position as the pixel in frame #n is
novi ng, and when the determnation result for the pixel in franme #n and
the pixel in frame #n+l | ocated at- td&e sane i nage position as the pixel
in frame #n is noving, the area specifying unit 103 5 determi nes that the
pi xel in frame #n belongs to the noving area. \Wen the determ nation
resul t Tl ddie bl X8l 1A ELATR PRGN dnl DG RIXEL 40 frame il Jocated at
the sane. 1"mage position as the glxe in frame #n is noving, and when the

10 det erﬂqlatﬁqn theS Yk ko EOEggﬁﬁgﬁgkﬁhntgr gﬁ? hgﬂj"‘écé QF&E Qlyy the same

i mge position as the prxel i n e “pixel 1n-frame #n+2

| ocat ed e 12153 1iARILaRRSI i 0ANAR, vi NenPEXShe | B FI&B A iSn&i ati onary,
the area specifying unit 103 determ nes that the pixel Tn franme #n bel ongs

to an latineQuexed)backgr-anadyaied. wiigs. 1385ubhequah: 28D # diustate
exanpl es of the area determ nation results obtained by the area specifying
uni ts A model obtained by expanding in the time direction the
pixel values 6f the pixels‘aligned side-by-side in the
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
10 foreground object is horizohtal with respect to the screen,
the model shown in Fig. 24 is a model obtained by expanding
in the time direction the pixel values of the pixels
disposed oﬁ a line side-by-side.
In Fig. 24, the line in frame #n is equal to the line
15 in frame #n+1.l
The foreground components corresponding to the cobject
contained in the second pixel to the thirteenth pixel from
the left in frame #n are contained in the sixth pixei
‘through the seventeenth pixel from the left in frame #n+l.
20 " In frame #n, the pixels belonging to the covered
background area are the eleventh through ihirteenth pixels
from the left, and the pixels belonging to the uncovered
baékground area are the second thrbugh fourth pixels from
the left. 1In framé #n+1, the pixels belonging to the |

25 covered background area are the fifteenth through



103. In Fig. 28A, the pixels which are determned to belong to a covered
background area are vindicated in white. In Fig. 20 2f8petdasbep8@ s Whi ch
are determned to belong to an uncovered background area are indicated in
white. In Fig. 28C, the pixels which are determined to belong to a noving
area are indicated in white. In Fig. 28D, the pixels which are determn ned
to belong to a stationary area 25 are.indicated in white.. 16 Decenber
2005 - 95 Fig. 29 illustrates the area infornmation indicating the m xed
area, in the formof an inage, selected fromthe area information out put
fromthe deternmining-flag-storing fréfe- menory 206. In Fig. 29, the pixels
which are determined to 5 belong to the covered background area or the
uncover ed background area, i.e., the pixels which are determ ned to bel ong
to the geyedracfen BdLel NOFLGH echd Mo | eand Rendikel HfETEG Oy | Ndi cating
the m xed area output fromthe determning-flag-storing frane nmenory 206
desi gnatesthbeudfoveXedl 194 Sagadithd herfOrdiOnshdavi fgh achexidgh € surrounded
by the portions without a texture in the foreground area. The area

speci f yenghphopesel gt pei fetiereedy. t he area specifying unit 103 is
described below with reference to the flowhart of Fig. 30. In step S201,"
the franme nelorgheEkabiplebtsdhions: dm iFfimge 2df, Shiawe #he? fohregugnkr ane #n+2

including frane #n. . .
5 - components contained in frame #n are moved by four pixels in

frame #n+1, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v.
A description is now given of a change in pixel values
10 of the pixels belonging to the mixed area in the frames
before and after a desigﬁated frame.

In Fig. 25, the pixels belonging to a covered
background area in frame #n in which the backgroundris
stationary and the amount of movement v in thé foreground is

15 4 are the fifteenfh through seventeenth pixels from the left.
Since the amount of movement v is 4, the fifteenth through
seventeenth frames fromrthe left in the previous frame #n-1
contéin only background compornents and belong'to #he

-background area. The fifteenth through seventeen£hrpixels

20 from the left in frame #n~2; which is one before frame #n—l,
contain only'background components and belOng to the
background area.

Since the object correépoﬁding to the background is
stationary, the-pixel value of the fifteenth pixel from the

25 left in frame #n-1 does nét change from the pixel value of °



In step S202, the stationary/noving determ ning portion 202-3 determ nes
whether the determ nation result for the pixel .in frgnBedéhmér 2004 t he pixe
in frame #n located at the 20 sanme position is stationary. If it is.
determined that the. determination result is stationary, the process

proceeds to step 5203 in which the stationary/ noving determning portion

202-2 determ nes whether the determnation result for the pixel in franme
#n and the pixel in frame #n+l |located at the 25 same position is
stationary. - 96 If it is determned in step S203 that the determ nation
result for the pixel in frame #n and90he pixel in frame #n+l |ocated at
the sanme position is stationary, the process proceeds to step S204. In step

S204, the area determning 5 portion'203-2 sets , Which indicates that

the pi xehol 1he.cRERCEsaEd E?F{R”Qﬁetfe%*ée%ﬁgfﬂr{?%aﬁ 2%t the,

stationary area ni ng ag -assocCi a e pi xe

brocessede Fgedr 4118t SETLALNGIRELLLON 2032 BHARI LS e atationary- area

determining flag to t eterm ni ng- 0 storlng rane nmenory 204, and

the proegamePhACeEdSelOnstePhamgd5crdh theigidef efied 4 nyst ep 5202 that
the determnation result for the pixel in frame #n-1 and the pixel in '

frame #gixkeeatBdpakel Ner&@NMEnPOBEEL OMn | Srayi fQ-2 Ofard tHe ipixk3 determ ned
in step S203 that the determ nation result for t he pi xel in frame #n and

t he Pi xebhlis bfaﬁﬁe#ﬁlévén'tééﬁtﬁdp:&kel her&RMehdosdfit Gih | Srdivigmg-1 t he pi xel
to be processed does _
does not change from the pixel value of the seventeenth
pixel from the left in frame #n-2.
That is, the pixels in frame #n-1 and frame #n-2

corresponding to the pixels belonging to the covered

lQ background area in frame.#n.consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is élmost 0. Thus, the stationary/moving
determiqation made for the pixels in frame #n-1 and frame

15  #n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
'202—4 ié "stationary".

Since the pixels belonging to the covered background

area in frame #n contain foreground components, the pixel

20 ‘vaiues thereof are different from those of frame #n-1
consisting of only background components. Accoﬁdingly, the
stationary/moving determination made for the pixels
beionging to.the mixed area in frame #n and the
correspbnding pixels in frame #n-1 by the stationary/moving

25 determining portion 202-3 is. "moving".



not belong to a stationary area. Accordingly, the processing of step S204
i s skipped, and the process proceeds 20 to step S205¢ heceniRp260305, the
stationary/ noving determ ning portion 202-3 determ nes whether the _
determ nation result for the pixel in .franme #n-1 and the pixel in frame
#n located at the same position is nmoving. If it is determ ned that the 25
determ nation result i-s noving, the process proceeds to step - 97 S206 in
whi ch the stationary/ noving determ ning portion 202- 2 determ nes whet her
the determnation result for the pixel in frane #n and the pixel in frame
#n+l |l ocated at the sane position-i8lneving. 5 If it is determned in step
S206 that the determination result for the pixel in frame #n and the pixe
in frame #n+l |ocated at the sanme position is noving, the process proceeds

to step S20%mdi §1eR, SPOTon el B IS SIdIIAG IR LiQy1 203 2 sets "1,

whi ch indicates that the pixel" to be processed belongs to a noving area,

in the ﬂH&iBQtﬁﬁ&a"x%{r?ﬁ(?"e piggsﬁgﬁﬂiééspfmt@@e%' At 1d¥en B} Al iy e

processed. The area de m ning area 203-2 supplies the noving-area -

det er m abp8rhiAong gpébeiglﬁtmﬁimj Nohd | vagsn St | 7 f 1 HE-v MRBIng 204, and
t he process proceeds to step 5208. 15 If it is determ ned in step 5205 that

~the deteetenaih@biof esddllf oindeaPixel "dthd i ¥n-is aihgdiniedi xel in
frame #n |ocated at the same position is stationary, or if it is'
det & m fiedhni thst £pa S26Ga thatot ey dbdesminain@pdasidd Ff0p-4, as
discussed above, the area determining portion 203-3
determines - that the Qorresponding pixels belong to a covered
background area. |
In Fig. 26, in frame #n in which the background is
10 stationary and the amount of movement v in the foreground is
4, the pixels contained in an uncovered background area are
‘the second through fourth pixels f:oﬁ the left. Since the
amount of movement v is 4, the second through fourth pixels
from the left in the subsequent frame #n+l contain only
15 background components and belong tb the background area. In
framé #n+2, which is_sﬁbsequent to frame #n+l1l, the second
through fourth pixels from the left coﬁtain only backgrbund
ccmpénents and belong to the backg:oun& area.
Since the object corresponding to the background is
20 'sta£ionary, the pixel value of the second pixel from the
left in frame #n+2 does not,chaﬁge from the pixel value of
the second pixel from the left in fréme #n+1. Similarly,
the.pixel value of the third pixel from the left in frame
#n+2 does not change from the pixel value of thé third pixel

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



the pixel in frame #n and the pixel in frame #n+l |ocated at 20 the sane
position is stationary, the pixel in frame #n does n@p&ehyRE2005 a Novi ng
area. Accordingly, the processing of step S207 is skipped, and the process
proceeds to step 5208. In step S208, the stationary/ noving determ ning
portion 202-4 determ nes whether the determ nation result for the 25 pixel
in frane #n-2 and the pixel in frane #n-1 | ocated at 16 Decenber 2005 98
the sanme position is stationary. If it is determned that the
determination result is stationary, the process proceeds to step S209 in
whi ch the stationary/ noving deternni92g— portion 202-3 determ nes whet her
the determnation result for the pixel in frame #n-1 and the pixel in
frame #n located at the same position is noving. If it is determned in

Step S2GI.Lhat pihe) detenmtngthope 1hepblhe TS Nl ?(r?é)tiéha(récfémh#n'l and

~the pixel in f ane #n ocated at the sanme position is novin e process -

proceeds 30 tReSheReP24R1ubNost €Re SELQrch hﬁlﬁéfafficﬁﬁ efid M g paLtion 203-3
sets "1", which indicates that the pixel to be processed belongs to a

. cover edfraa@kgh@mnd area, in the covered-background-area determ ning flag
associated with the pixel to be processed. The area deternining portion
203-3' 15 suppdt ebs | hthe Qyates backoroundrarieandetraiamanigng2f | ag to the

determ ni ng-fl ag-storing franme nenory 204, and the process proceeds to
st epb S2tbrrEhponding ded etihe np ige poribé Don@08y 3o stippluresotdieed
cover ed- background--area determning flag to the
background area in frame #n consist of only background
components, and the plxel values thereof do not- change.
Accordingly, the absclute value of the'difference between
the pixel values is almost O. Thus, the stationary/moving
10 determination made for the pixels in frame #n+l and frame
- #n+2 corresponding to the pixels belgnging to the mixed area
"in frame #n by the stationary/moving détermining portion
'202*1 is "stafionary". |
Since the pixelsrbelonging to tne uncovered background
15 area in frame #n contain foreground components, the pixel
values thereof.are different from those of frame #n+l
consisting of only background components} Accordingly, the-
statiOnary/moving défermination made-fon the pixels
belonging to the mixed area in framé #n and the
20 ,nofresponding.pixels in frame #n+l by the stationary/moving
~determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
defermining portion 202~2, and wnen the stationary/moving

25 determination result indicating "stationary" is supplied



determ ning-flag-storing frame nmenory 204, and the process proceeds to
step-S211. If it is determned in step 5208 that the gebedembeatoosn result
for the pixel in frame #n-2 and the pixel in frane #n-1 |located at the
_sane position is nmoving, or if it is determined in step S209 that the pixel
in frame #n-1 and the 25 pixel in frame #n |ocated.at the same position is
stationary, 16 Decenber 2005 - 99 the pixel in frame #n does not belong to
a coveted background area. Accordingly, the processing of step 5210 is
ski pped, and the process proceeds to step 5211. In step 5211, the

stati onary/ movi ng determ ning portiof3 5 202-2 deternines whether the’
determnation result for the pixel in franme #n and the pixel in frame #n+

| ocated at the sane position is noving. If it is determned in step 5211

that -t hergat R8T 884t 0Fnd 85 Hhdv iy MM d¥ni iRy da&sh Jyx0aeeds to step S212
in which the stationary/noving 10 determ ning portion 202-1 determ nes

whet her dibeussled esipbnal | e r£6e8 taddrnlitg iy X&) rditbd r2e-#n+l and the
pi xel in-frame #n+2 | ocated at the samme position is stationary. If it is
det er m detleimiséepclSRd 2ehdatot hessiaidinmg mhideds bEidegud amor the pixel in
frame #n+1l and the pixel in framne #n+2 | ocated at the sanme position is.
st ati omangovéhed praclegsoymdceess. to step 5213. In step S213, the area
determ ning portion 203-1 sets "1", which indicates. that the pixel to be
5 Fig. 27 illustrates determination conditions for frame
#n made by the area specifying unit 103. When the
.determination result for the pixel in frame #n-2 located at
the samerimage position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the
10 same position as the pixel in frame #n is stationary, and
when the determination result for the pixel in ffame #n and
the piﬁel in frame #n-1 locéted at the same image position
as the pixel in frame #n is moving, the area specifying unit
143 determines that the pixel in frame #n bélongs to a
15 covered baékground area. |
When the_determination result for the pixel in frame #n.
and the pixel in frame #n-1 located at the same image
posifion as the pixel in frame #n is-stationary, and when
the determination result ‘for the pixel in frame #n and the
20 _ pixel in frame #n+1 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 té
the stationary area.

When the determination result for the pixel in frame #n

25 - and. the pixel in frame #n-1 iocated at the same image



processed bel ongs to an uncovered background area, in the 20
uncover ed- background-area determ ning fl ag associ at edjgpbéenigee2005<el to be
processed. The area determ ning portion 203-1 supplies the _
uncover ed- background--flag determning flag to the :
determ ning-flag-storing frame menory 204, and  the process proceeds to |
step 5214. 25 If it is determned in step S211 that the determnation 16 . |
Decenber 2005 - 100 result for the pixel in frame #n and the pixel in |
frame #n+l |ocated at the sane position is stationary, or if it is

.determned in step S212 that the det& m nation result for the pixel in

frame #n+1l and the pixel in frame #n+2 is 5 noving, the pixel in frame #n

does not belong to an uncovered background area. Accordingly, the

PO e bR ifiopP b8P eRE 3181 S KhPPeno 2R L0CnBLORGS SRR ARSI SCAL Step S217.

In step the area Specifying unrt et ernt hes e areas of

all thegpixeh$nhlibhaPBsHicaE6: 1PnaPpekE edn Efakl b3 Qg%efg%nggxéfat the

areas of all the pixels 1n frane #n are not yet specifi € process

returns jhorsheR #1392, 1884tEACa Bl €ASPERLS YnAGePHOSEESINUad Sthd epeat ed. for
the remaining pixels. If it is determined in"step S214 that the areas of

al |l 15ptiRelpixeksamd fhame #bvehg, SPREI hLed, shhei Py Oe§SEn P OLceeds to step
5215. In step S215, the, synthesizer 215. generates area information.

i ndi ®at degekinénesXedadr eAecbpsedl ofint Aeamengnvee Eendackgr thd tnowi |
determning flag and the covered-
area.

When the determination result for the pixel in frame #n
and the pixel in frame #n+l located at the same image
position as the pixel in frame #n is moving, and when the

10 determination result for the pixel in frame #n+l located at
the same image position as the pixel in frame #n and the
pixel in frame #n+2 located at the same image position as
the pixel inrframe #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an

15 uncovered background area. _

Figs. 28A through 28D illustrate examples of the area
determination results obtained by the area specifying unit
103.. In Fig. ZSA, the pixelé which are determined to belong
to a covered background area are indicated in white. In‘Fig,

20 283, the pixels which are determined to belong to an

| uncovered background area are indicated in white.

In Fig. 28Q, the pixelé which are determined to belong
to‘a mOving érea are indicated in white. 1In Fig. 28D, the

pixels whHich are determined to belong to a stationary area

25 are. indicated in white.



frame nmenory 204, and al so generates area infornati onlép%}:&_%érag@o whi ch
of the uncovered background area, the stationary area, Uhé noving area, or
the covered background area each pixel belongs, and sets the generated .
area information in the determning-flag-storing frane 25 nenory 206. The
processing is then conpleted. - 101. As discussed above, the area

speci fying unit 103 is capable of generating area information indicating to
which of the noving area, the stationary area, the uncovered background
area, or the covered background area®ach of the 5 pixels contained in a
frame bel ongs. The area specifying uniit 103 may apply logical ORto the
area information corresponding to the uncovered background area and the

area inf or.rraéif%.n £O1{ ESPANA UL e 1410 £ M AhNATIQUNER18F $0eaS O
generate area 10 'information corresponding to the m xed area, and then may

gener at @iaE@aaBAOr IR tRA £ORRI SEi a8 Hhadd 20Scl i &t Mgn tithe WHeGh of the
novi-ng area, the stationary area, or the mxed area the individual pixels
cont ai nelfbmbbechr adeplel oAgn Whendbermby Beg- fXag-espondigiEand he
foreground has a 15 texture, the area specifying unit 103 is able to
speci f yméherynd@éng 2ui eBigDr 29 preisée sl yel I heh arleaa ispeid fepmighaditto 103 i s
able to output the area information indicating the noving area as the area
i nf dr malbé bong ntde ctle ngovdeed dregkgumandiracga and e puteouared

background area, i.e., the pixels which are detérmihed to

belong to the mixed area, are indicated in white. The area

information indicating the mixed area ocutput from the

deﬁermining—flagvstoring frame memofy 206 designates the

10 mixed area andAthe portions having a texture surrounded by

the portions without a texture in the foreground area.

- The area specifying processing performed by the area
specifying unit 103 is deécribed below with referénce to the
flowchart of Fig. 30. 1In step S201; the frame memory éOl

15 .obtains an image of frame #n-2 through frame #n+2 including
- frame #n.
In step S202, the stationary/moving detérmining portion
202—3 determines whetherAthe.determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
20 same position is stationary. If it is determined that the
determination result is stationary, the process prdceeds to
step $203 in which the stationaxy/mqving determining portion
202-2 determines‘whether the determination result for the

pixel in frame #n and the pixel in frame #n+l located at the

25 same position is stationary.



20 area information indicating the stationary area as the area information
i ndi cating the background area. The enbodi ment has beﬁp Q&%&k&& assum ng
that the object corresponding to the background is s aplonary- wever

t he above-described area specifying processing can 25 be applied even if

the image, corresponding to the background 16 Decenber 2005 -- 102 area

contains notion. For exanple, if the imge - corresponding to the background
area is uniformy noving, the area specifying unit 103 shifts the overal
image in accordance with this notion, and perforns processing in a nmanner
simlar to the case in which the obj es -corresponding to the background is

'-stationary. If the image corresponding to the background area contains

|l ocalliy different notions, the area specifying unit 103 selects the pixels
correspondi ng_.to, t he i ons nd_execut descri bed

h b 1
pr ocessi ng. fg??SﬁSiggéeﬁ?béﬁgdf%g?g i§?QéF€§&';%§%_ Et?ﬁﬂﬁqiﬁﬁ%&ion_of
the areg gpgel EYLNg,unit 193, Tr%aﬁég n gHSCE%X:ﬁaﬁgf'Enlgg?%$o%gﬁin Fi g.

31 does not "use ‘a notion vector. ckgroun gener

'ge“efat@%c%teé5aQaEﬁ8rQgggkgggﬂ%é8ﬁrEESBQQQ%Q%?%gFgﬁ%%ngécéggge’ and

suppl i es the generated round i nmage to I mage extracting

port i onp382ecdliecackapoundal ™R geasr sbes SPioextiaciseotAlnpxaTPl €, an
i mge object corresponding to a background object contained In the input
5 portion 203-2 sets "1", which indicates that the pixel to be
prbgessed béldngs to the stétionary area, in the stationary-
area determining flag associated with the pixel to be
processed. The area detetmining portion 203-2 supplies the
stationary-area determining flag to the determining-flag-
10 storingiframe memory 204, and the process proceeds to step
$205. |
If it is determined in step 5202 that the determination
resuit for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, or if_it is
15 determined in step S$203 that the determinatiqn result for
the piéel in frame #n and the pixel in frame #n+lllocated'atl
the same-bosition is moving, the pikel to be processed does
not 5elong to a stationaty area. Accordingly, the
processing of step S204 is skibped, and thé process proceeds
20 to step S205.
In step S205, the stationary/moving determining portion
'202f3 determines ﬁhethér'the'determination resﬁlt for the
pixel-in frame #n-1 and‘the pixel in frame #n located at the
same position is moving. If it is determined that the

25  determination result is moving, the process proceeds to step



20 i mage, and generates the background i mage. An exanpl e of a nodel
obt ai ned by expanding in the tine direction the pixei6fﬁagaﬁxgﬁa§ixels

al i gned side-by-side in the noving direction of an inage corresponding to
a foreground object is showmn in Fig 32. For exanple, if the 25 noving
direction of the inmage corresponding to the 16 Decenber 2005 - 103
foreground object is horizontal with respect to the screen, the nodel shown
in Fig. 32 is a nodel obtained by expandi ng the pixel values of pixels

di sposed side--by---side ona single line in the time domain. 5 In Fig.
32, the line in frane #n is the same9ds-the line in frane #n-1 and the _
line in frame #n+l. In frame #n, the foreground conmponents corresponding to

the object contained in the sixth through seventeenth pixels fromthe |eft

are congabhpedni PnibR SRSONHAL IRUGN N TS e e 10: RixS! Soft M theleft in

frame #n-1 and Are also contained’in the tenth through twenty-first pixel

fromthe hetbrhinksanRetrlas lend Nad# &R dr slon tREs Pl Xef$r halonging to the
covered background area are the eleventh through thirteenth pixels 15 from

the | efin apdméhgnphxel shdepDagi Nth tOrdoe HNEDVESESredack UG €2 are
the second. through fourth pixels from the left: In ,frame #n, the pixels
bel ongi pgsibidheisauevenky. background area are the fifteenth through

sevent eenth pi xel s ,

5 If it is determined in step S206 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is moving, the process proceeds
to step S207. In step S207, the area determining portion
203-2 sets "1", which indicates that the pixel to be

'10 processed belongs to a moving area, in the moving-area
determining flag associated with the pixel to be processed.
The area -determining area 203-2 supplies the moving-area
determining flag to the determining-flag-storing frame
memory 204, and the proééss proceeds to step S208.

15 . If it is determined in step S205 that the determination
result for the pixel in frame #n-1 and thé pixel in frame #n
locatéd at the same position is stationary, or if it is
detefmined in step.SZOG that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at

20 the same position is stationary, the.pixel in frame #n dOés
not belong to a moving area. Accordingly, the processiné of
step S207 is skipped, and the process proceeds to step S208.

In step S208, the stationary/moving determining poftion

202-4 determines whether the determination result for the

25 pixel in frame #n-2 and the pixel in frame #n-1 located at



fromthe left, and the pixels belonging to the uncovered 20 background area
are the sixth through eighth pixels fromthe left. In frame_#nfl . the

pi xel s. belonging to the covered background area ar e 1pRecemher 20041 n

t hrough twenty-first pixels fromthe left, and the pixels. belonging to
the -uncovered background area are the tenth through twelfth 25 pixels from
the left. 16 Decenber 2005 - 104 In franme #n-1, the pixels belonging to
~area are the first pixel fromthe left, and through twenty-first pixels
fromthe left. pixels belonging to the background area are 5 through fifth

pi xel s through twenty-first the pixess-belonging through ninth pixels
fromthe left. An exanple of the background imge fromthe |eft, and the
pixels fromthe left. to the background area the background the fourteenth

In franetggnsgégapggl ﬂUnrﬁk s%gggkggﬂ%ﬂ If it is determined that
the determination result is stationary, the process prbéeeds
to step 5209 in which the stationary/moving determining

_portion 202-3 determines whether the determination result-
5 for the‘pikel in frame #n-1 and the pixel in frame #n
located at the saﬁe position is moving.

If it is determined in step 5209 that the determination,
result‘for the pixel in frame #n-1 and the pixél in framé #n
located at the same poéition is_moving, the process proceeds

10 to step S$210. In step S210, the area determining portion
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 pértion 203-3

15 supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step Szil. The area determining portion 20343
sUppiies the covered—bagkgroundwarea determining‘flag toftﬁe
determining-flag-storing frame memory 204, and the process

- 20 proceeds to step S211.

' If it is determined in step S208 that the determination
result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or.if it is
determined in step $209 that the pixel in frame #n-1 and the

25 pixel in frame #n located.at the same position is stationary,



frame #n+l, are'the first corresponding to the 10 exanple shown in Fig. 32
generated by the background i mage generator 301 is s P@“?ﬂ’ g 33. The
background i mage consists-of the pixels correspondi ng aéiground
.obj ect, and does not contain i mage conponents corresponding to the
foreground object. 15 The bi nary-object-inmage extracting portion 302
generates a binary object inmge based on the correlation between the
background i mage and the input image, and supplies the generated binary
object image to a time change detector 303. 20 . Fig. 34 is a block
diagramillustrating the configurati®dn—of the binary-object-image
extracting portion 302. A correlation-value cal culator 321 cal cul ates the
correl ati on between the background i mage supplied fromthe background

i mage generpigel30d apfméhfni ApEs HL8BIBeBOn@St 0a 280@ePed ate a-correl ation
val ue, and supplies the generated 16 Decenber 2005 -- 10 5 -- correlation
val ue tbaaktyhvestiohdexal URcPsDEERGDY , 38Re JhecEeos 1wl ab f aneaymlgmical cul at or
321 applies equation (4) to, for exanple, 3x3-background image bl ocks
havi ngXds aklppedceamérthaspBOOMHS|prétgedQqu sneptel1for exanple, 5

3x3- background i nage bl ocks having Y4 at, the center which corresponds to
t he backgr oukid tmy&Edllockghe a%tastimanyrfnﬁvg,ng determining portion

5 202-2 determlnes whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same pdsition is moving. If it is determined in étep S21i1
that the determination result is moving, the process
proceeds to step 8212 in which the stationary/moving

10 determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l and the
.pixel in.framé #n+2 located at the same position is
stationary.

If it is determined in step 5212 that thg determination

15 result for the pixel in frame #n+l and the pixel in frame
#nt+2 located at the same position is.statioﬁarf, the process
proceeds to step S$213. In step S213, the area determining-
portion 203—i sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the

20 uncovered-background-area determining flag associated with
the pixel to be processed._'The area determining portion

. 203-1 supplies the uncovered-background—-flag determining
flag to the determining—flag—storing.frame memory 204, and
the process proceeds to step S214.

25 . ; If it is determlned in step 5211 that the determlnatlon



35B, thereby calculating a correlation value corresponding to Y4: 8 - 8

I (Xi-X)..(Yi-Y) Correlation value =i i=(4) 8 2 2 /(X ' Y) 10 X
= Y = The. correl ation---value cal cul ator 321 suppliegﬁyﬁémwgéf?%g
correlation value cal cul ated for each pixel as discussed above to the
t hreshol d-val ue processor 322. 15 Alternatively, the correl ation-val ue

cal cul ator 321 may apply equation (7) to, for exanple, 3x3-background

i mage bl ocks having X4 at the center, as shown in .Fig.. 36A, and to,.

for exanple, 3x3-background image bl ocks having Y4 at the center which
corresponds to the background i mage BD6cks, as 20 shown in Fig. 36B,

t hereby cal cul ati ng the sum of absolute 16 Decenber 2005 - 106 val ues of
di fferences corresponding to Y4. s Sum of absol ute val ues of differences

JOX - Vashide ) ed FAnE g 16T et ARV 3huantak gl 35961331 $#aRL! g5+ he sum
| located at the same position is stationary, or if it is |
determined in step S212 that the determination result for
the pixel in frame #n+1l and the pixel:in frame #n+2 is
S moving,'the pixel in f:ame #n doés not belong to an
uncovered background area. Accordingly, the processing of
step $213 is skipped, and the process proceeds to step $214.
In step S214, the area specifying unit 103 determineé
whether the areas of all the pixelsrin frame #n are
10 specified. 1If it is determined that the areas of all the
pixels in frame #n are not yet specified, the pfdcesé
returns to step S202, and the area specifying processing is
repeated for the remaining pixels.
If it is determined in step $214 that the areas of all
15 the pixels in frame #n are specified, the process proceeds
to step 5215. In step S215, the synthesizer 215Agenerétes
area information.indicating the mixed area based oﬁ the
unCoﬁered—baékgroundearea determining flag and the covered-
- background-area determining flag.stored in the determining—
20 'flag—storing frame memory 204, and also generates area |
information indicating to which of the uncovered backgréund
area, the stationary area, the moving atea, or the covered
baékground area each pixel belongs, and sets the geﬂerated
area information in the determining—flag—storing-frame.

25 memory 206. The processing is then completed.



of the absolute values of the differences calcul ated as 5 descri bed above

to the threshol d-val ue processor 322 as the correlatj @b nodde
t hreshol d- val ue processor 322 conpares the pixel val Léejﬁo ]#g correl ation

image with a threshold value thO If the correlation value is snaller than
or equal to' the 10 threshold value thOQ 1 is set in the pixel value of the
bi nary object image. If the correlation value is greater than the
threshold value thO, 0 is set in the pixel value of the binary object

i mge. The threshol d-val ue processor 322 then outputs the binary object

i mage whose pixel value is 15 set tol@® ofr 1. The threshol d-val ue processor
322 may store the threshold value thO therein in advance, or may use the

t hreshol d. value thO input froman external source. Fig. 37 illustrates the

bi b o di . F <hown in"
inary o jeczgsI h%%ﬁraw M ToR taoré;'%dj%)(gﬂs%ﬁq{q ﬁlﬁﬁ}# R 1]lsmalge shown |nr

- Fig. 20 32. ry obj‘ect image, e pixel” val ues of

the pixghsabpyi H8 Gedlbahein Oéf@éaiﬁf’@gﬁ%\ffoﬁhfndpéﬁt?ﬁ%f%wﬁ} ge. Fig. 38

is a block diagramillustrating the c Iguration,o e time change

det ect op£ 308e WBEMdOaRRLENBRE 20081 ond B/ afled er vl -dferafea of a pixel

in frame #n, a frane nenory 341 stores a binary object inmage of frame
#n-1, fhaskg#dund aekd | e He | cSHPpbd eshEk@ratRAe Didrreaab)Ectend mage
-extracting portion 302. _

5 pixels contained in a frame belongs.

The area Specifying unit 103 may apply logical OR to
the area information ﬁorresponding to the uncovered
background area and the area information corresponding to
thé covered background area so as to generate area

10 “information corresponding to the mixed area, and then may
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

15 texture, the area specifying unit 103 is able to specify the
moving area more precisely.

" The érea specifying unit 103 is able to output the area
infofmation indicating the moving area as the area
information indiecating the foreground area, and outputs the

20 area information indicatiﬁg the stationary area as the area
information indicating the background area;

 The embodiment haé been described, assuming that the
objéét corresponding to the background is stationary.
However, the aboveQdescribed area specifyving processing can -

25 be applied even if the image corresponding to the background .



5 An 'area determning portion 342 determ nes the area of each pixel of
frame #n based on the binary object-inmage of franme # , and
frame #n+l so as to generate area information, and ogi%ﬁ?%$$ﬂgm§2nerated
area information. Fig. 39 illustrates the determ nati ons nade by the area
10 determ ning portion 342. Wen the designated pixel of the binary object
image in frame #n is 0, the area determning portion 342 determ nes that

t he designated pixel in frame #n belongs to the background area. \Wen the
desi gnat ed pi xel of the binary object image in 15 frane #n is 1, and when
t he corresponding pi xel of the binatf2object inmage in franme #n-1 is 1, and
when the correspondi ng pixel of the binary object image in frane #n+l 1is
1, the area determning portion 342 determ nes that the designated pixel

in frames#n kJmRdnst acthenf or egrourdmgiea. i 20cNBennthe designated pixel of

the binary object image in frane #n is 1, and when the correspondi ng pi xel

of the dimasgpoakiieet tomege backbaBRntnatehsis, ubeoaned ﬂ@i}ﬂicgi ni ng _
portion 342 determ nes that the designated pixel in frame.#n elongs to a
cover ed Hige kgreaumpearniEgingS uiien 10Be stestgnahedope kel 1 oimalie bhnary obj ect
image in - 108 franme #n is 1, and when the correspondi ng pi xel of the
bi nary ctyjaotdanregeiith fthasem#mibni,safd phefaresa dedeessimaginporti on 342
determ nes that the designated pixel in franme #n belongs to an uncovered
backéro@ﬁdﬂﬁﬁE§imﬁlFrgt04@h9Iba§Eréneshéﬂheubﬁp¢hd©¢ttherdE§E@mdimaions
to the background is stationary. If the image corresponding
to the background area contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and éxecutes the above-
10 described processing.
Fig. 31 is a block diagram illustrating the
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 31 does not use a motion
véctqr. A background image generator 301 generates a
15 background image corresponding to an input image, and
supplies‘the generated béckground image to albinary—object—
image extracting portion 302. The background image
geﬁefatbr 301 extraéts; for example, an image object
corresponding to a background object contained in the input
20 Aimage, and generates the background image. |
An exampie pf d 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. 32. For example, if the

25 moving direction of the image corresponding to the



made by the tinme change detector 303 on the binary object inmge
corresponding to the nodel of the input inmage shown in__Fig. 3%@8 he tine
change detector 303 determnes that the first througﬂﬁﬁk?ﬁﬁbﬁi s from
the left in frane #n belong 10 to the background area since the '
‘correspondi ng pixels of the binary object image in franme #n are 0. The
ti me change detector 303 determ nes that the sixth through ninth pixels
~fromthe left belong to the uncovered background area since the pixels of
the binary object image 15 in franme #n are 1, and the correspondi ng pixels
in frame #n+l are 0. The tinme changsxdetector 303 determ nes that the
tenth through thirteenth pixels fromthe left belong to the foreground
area since the pixels of the binary object image 20 in frane #n are 1, the
correspending pixel.s.in frang #n-1 re 1, and the correspondi ng pixels in
fram raredfefid Siieds 1 Toalid ol St Bt o o TR he
fourtee e h-pjxels fromth f t |.o t o,.t he covered
Eﬁg hOE NI, S&Y %ﬁe@fi ki leé 5 él{oc%l oebéa%neoci;ﬁ: C,?ag(pan%ln

background area since the plixels o binary rmage ih frame #n -
are 1, and e, £orL ASRONGE ng; :Q% Q0D 6-1hP% 1 i) f #n--1
are 0. The I%i rr% gﬁange det er}glt}‘(;:l#Bl 303 det eerc_irzri fies. tkﬂ?g%lt e)gq{e%gﬁtrlgg;\%ﬂet hr ough -

twenty-{1isstipi e scfgomdheideft belong to the background area since the
correspondi ng pixels of the 5 binary object inage in frame #n are 0.

5 In Fig. 32, the line in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.

In frame #n, the foreground cemponents corresponding to
the ebject contained in the sixth through seventeenth pixels
from the left are contaiﬁed in the second through thirteenth

10 pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame
#n+1.
In frame #n-1, the pixels belonging to the cOvered
background area are the eleventh through thirteenth pixels
15 from the left, and the pixels beionging to the uncovered
background area are the second through fourth.pixels from
the left. 1In frame #n, the pixels belonging to the cdvered-
baekground area are the fifteenth through seventeenthlpixels
from the left, and the pixels belonging to the uncovered |
20 background area are the sixth through eighth pixels from the
left. In frame #n+l, the pixels belonging to the covered
background area are the nineteenthrthrough twenty-first |
pixels from the left, and the pixels belonging to the
uncovered backgroeﬁd area are the tenth through twelfth

25 pixels from the left.



i s described belowwith reference to the flowhart ofgpeSembet20b8 Step
S301, the background image generator 301 of the area specifying unit 103
extracts, for 10 exanple, an inmge object corresponding to a background
obj ect contained in an input inage based on the input image so as to
generate a background i mage, and supplies the generated background inmage
to the binary-object-inage extracting portion 302. Instep S302, the

bi nary-obj ect-image extracting portion 302 cal culates a correlation val ue
between the input image and the back@round i mage supplied fromthe
background image generator 301 according to, for exanple, calculation

di scussed with reference to Figs. 35A and 35B. In step S303, 20 the

bi nary- obj ectr; Fge exhract jtﬂg ?ﬁ%&iQ”bQ?ﬁg@%H@ﬁﬁZtﬁ? h};gé.%ﬁgéé’?uﬁpd ect image

fromthe correlation val ué an ~thres or exanpl e,
compari i@ e QLI AN P ol che 1EREESBRLALHE! ¥EuLblent StEP

S304, the tinme change detector 303 executes the 25 area determ ning

processitiboRfid thite d-398SH PG xbd sCeMBhEetRd. 125110 TRekakhs #h, thgearea
determ ning processing in step S304 are described belowwth reference to

the flowthaylls @lelloingingd2o kReSHARKER3Lndl Beedr 82cdeher pi pipg portion 342
of the tinme change detector 303 deterni nes whether the. designated 5 pixel

i n f Bamhtowttorfdd thn ptike 16r gremmeher Ye34] badO0théfeifhtsedeher m ned t hat
the designated pixel in frame #n is O,

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

An example of the background image corresponding to the

10 example shown in Fig. 32 generated bﬁ the background image
generator 301 is shown in Fig. 33. The background image
consists of the pixels corresponding to the background
object, and does not contain image components corresponding
to the fofeground object.

15 The binary-object-image extracting portion 302
generates a binarf object image based on the correlation
between the background image and the input image, and
suppiies‘the generated binary object image to a time change
detector 303.

20 . Fig. 34 is a block diagram illustrating the
configuration of the binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the
cofrelation between the background image supplied from the

background image generator 301 and the input image so as to

25 generate a correlation value, and supplies the generated



the process proceeds to step 5322. in step S322, it is determ ned that the
designated pixel in frame #n belongs to the backgrou % ar e t he
B o&She 2005

processing is conpleted. ‘10 If it is determined in st t he
~designated pixel in frame #n is 1, the process proceeds to step S323. In
step S323, the area determ ning portion 342 of the time change detector
303 determ nes whether the designated pixel in frame #n stored in the

frame nenory 341 is 1, and whether 15 the corresponding pixel in frame #n-1
is-0. If it is determned that the designated pixel in frame #n is | and
the corresponding pixel in frame #11f3 § 0, the process proceeds to step
5324. In step 5324, it is determned that the designated pixel in frame #n
bel ongs to the covered 20 background area, and the processing is conpl eted.
If. it tsrdeletivmehive Hem ik diutd-thg e girdrisedr Bizeel in frame #n is
0, or that the corresponding pixel in frame #n-1 is 1,.the process
proceeds to Btepdd2iatinnstvapueS3aicutibeoar 8aldepplieni agupolbnon 342 of
the tinme change 25 detector 303 determ nes whether the designated pixel in
- 111 {4aneo #nfot orxednplre t K FHammkgremody i3dgel dlocksahdvihet Hegr t he
corresponding pixel in frame #n+l1 is 0. If it is determned that the

desi gnadedtlyt xegntiar f raneshavn sii Bl 39%e eaovdr aopodditngxpimpdie.in frane
#n+l_is 0, the process 5 proceeds to step S326. In step 5326, it is

det & ni Pet-RartgravEd) dgiagieatd@ sk MAViimSF Yanst#EheeFeRESTt Bhiak uncover ed

background area, and the processing is conpleted. ] ]
corresponds to the background image blocks, as shown in Fig.

35B, thereby calculating a correlation value corresponding

8 . g _
2 &L —-X) vi-Y
i=0 i=0

Correlation value = (4)
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— b o
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The.correlation-value calculator 321 supplies the
corrélétion’value calculgted for each pixei as discussed-
above to the threshold-value processor 322. |
15 o Altefnatively, the correlation-value calculator 321 may

apply equafion (7)'to, for example, 3x3—background image
blocks having X, at the center, asushown in Fig. 36A, and té;
for example, 3x3-background image blocks having 'Y, at the
center which corresponds to the background image blocks, as

.20 shown in Fig. 36B, thereby calcﬁlating the sum of absolute .



If it is determned in step 5325 that the designated pixel in frame #n is
0, or that the corresponding pixel in frame #n+l is AT s
proceeds to step S327. In step S327, the area deternﬁaphg S%#?ﬁ%ﬁ 342 of
the tine change detector-303 deternmines that the designated pixel in frane
#n. bel ongs to the foreground area, and the processing is conpleted. As

di scussed above, the area specifying unit 103 is able to specify, based on
the correl ation val ue between. the input image and the corresponding
background i mage, to which of the foreground area, the background area, the
covered background area, or the uncavered background area each pixel ‘20 of
the input image bel ongs, and generates area information corresponding to
the specified result. Fig. 43 is a block diagramillustrating another

configur&gi&gg(gft&g%fgé?héggxggﬁg%géﬁé ihplgg.YThe area specifying unit 103
int _

‘uses a notion vector and positiona ormati*on. thereof supplied from
the notion detector 102.' 16 Decenber 2005 -- 112 The sanme el enents as
those shiwm o dhgplile arelwesighatiettersinded ke rlefierenge nuner@hys, and an
expl anation thereof .is thus omtted. A robust-psocessing. portion 361

"~ generates a robust 5 binary object inmage based on binary object images of

N franes. sgppl cedrbnamibReviinnar ¥a0b:estolMage SXpHaELE Nthe sd@rtion 302,
and outputs the robust binary object inage to-
‘ of the absolute values of the differences calculated as
5 described-abOVe to the threshold-value processor 322 as the
correlation value.
The threshold-value processor 322 compares ﬁhe pixel
value of the correlation image with a threshold value tho.
If the correlation value is smaller than or equal to the
10  threshold value th0, 1 is set in the pixel value of the
binary object image. 1If the correlation value is greater
'than the threshold value th0, 0 is set in the pixel value of
the binary objéct image. The threshdid~value processor 322
rthen‘outputs the binary object image whose pixel value is
15 set to 0 or 1. The threshold-value processor 322 may store
the threshold vaiue thO therein in advance, or may use the
threéhold value th0 input from an external source.
Fig..37 illustrates the binary object image
corresponding to the mbdél of the input image shown in Fig.
20 32. 1In the binary object image, 0 is set in the pixel
values of the pixels having a higher correlation with the
rbackground image.
Fig. 38 is a block diagram iliustrating‘the

configuration of the time change detector 303. When



the time change detector 303. Fig. 44. is a block diagramillustrating the
10 configuration of the robust-processing portion 36116 Pe dr 9605
conpensat or 381 conpensates for the notion of the binary object 1 mages. of
N frames based on the notion vector and the positional information thereof
supplied fromthe notion detector 102, and outputs a notion-conpensated
bi nary 15 object image to a switch 382. The notion conpensation perforned
by the notion .conpensator 381 is discussed below with reference to
exanpl es shown in Figs. 45 and 46. It is now assunmed, for exanple, that
the area in frame #n is to be proced®€d—- When 20 bi nary object images of
frame #n-1, frane #n, and frame #n+l1 shown in Fig. 45 are input, the
notion conpensator 381 conpensates for the notion of the binary object

i mage Ofio+dfRI®: &-éh@%éﬁeoéoiaﬁ%ﬁx{_equﬁptfﬂaﬁpeg?an al F2ARe#MEhords
i ndi cated by the exanple shown in Fig. 46, based on the 25 notion vector

suppl i eglaf romtde It - Aehipdd ke ¥ rrbdeDReTherr2R@54n,113

supplies the notion-conpensated bi nary object inages to the swtch 382.

The sW igd BZn® UL Ssddisl Nt | Famt ARE BSi-06 i aky -imbyect inmge of the
first frame to a franme nenory 383-1, and 5 outputs the notion-conpensated

bi nary ebfesttinmpgerdfidheaopecond frame to a frane nmenory 383-2. Sinilarly,
the switch 382 outputs the notion-conpensated binary object inages of
5 An area determining portion 342 determines the area of
each pixel of frame #n based on the binary object image of
framé #n-1, frame #n,rand frame #n+l so as to generate area
informatidn, and outputs the generated area information.
Fig. 39 illustrates the determinations made by the area
10 determining portion 342. VWhen the designated pixel of the
binary object image in frame #n is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to the background area. |
When the designated pixel of the binary object image in
15 frame #n is 1, and when the correspopding pixel of the
binary object image in frame #n-1 is 1, and when the
corresponding pixel of the binary object imagé in frame #n+l
is 1; the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.
.20 ' When the designated pixel of the binary object image‘in
frame #fn is 1, and when the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining
poftion 342 determines that the designated pixel in frame‘#n
belongs to a covered background area.

25 . When the designated pixel of the binary object image in




the third through (N-1)-th frane to frane nenories 383-3 through

383-(N-1), and outputs the notion-conpensated binary biect .ARge of the
Nth frame to a frame nenory 383-N. The frane nenDry}gggp%%g g@é% t he

moti on-conpensated binary object imge of the first frame, and outputs the
stored binary object image to a weighting portion 384-1. The franme nenory
383-2 stores the notion-conpensated binary 15 object imge of the second
frame, and outputs the stored binary object inmage to a weighting portion
384-2. Simlarly, the frame nenories 383-3 through 383-(N-1) stores the

not i on- conpensat ed binary object irag®l of the third through (N-1)-th
frames, and outputs the stored binary 20 object inmages to wei ghting
portions 384-3 through 384-(N-1). The frane nenory 383-N stores the

noti on-c sat e in I i of 1 Nth fra nd outputs the

stored ﬁ?%ggy%téb?seg’ %[n%%e&féoﬁgé%?g%ﬁenfoﬁoﬁqgoﬁ”ﬁ@f— %% t’?‘ﬁe wei ghti ng
ortion 5 il i i : . f e i O 1sat ed

Ei nary og’b%gac%y imryr%:t;ée&oflt gteé]?iﬂrjsft&%{,mé{?dég'ce:%ge.ﬁ 5%%5 = %1%%9:%%%282% plied

fromt hgpcﬁf@i@n M43 383 ihdy &atpr@eetﬁﬂd&%%e\ae?%feﬂ% gpdngupplies a

wei ghted binary object inmage to an accunul ator 385. The wei ghting portion

384-2 mbéigidestd i RinRlvarddd kgD EA- conpensat ed  bi nary obj ect
i mge of the second frame supplied fromthe frame nenory 383-2 by a

predét er m nedrigei gt iW2psardtesuppl egamphe vei ghtedebipaiNaobbest i mage to
t he accunul at or _ ' ‘
- made by the time change detector 303 on the binary object
image corresponding to the model of the input image shown in
Fig. 32. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong
10 to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

The  time change detector 303 determines that the sixth
through ninth pixels from the left belong to the uncovered
background area since the pixels of the binary object image

15 in frame #n are 1, and the corresponding pixels in frame
#nt+tl are 0. |
The time change detector 3b3.determines that the tenth
, throﬁgh thirteenth pixels from the'left-belong to the
foreground area since the pixels of the binary object image :
20 in frame #n are 1, the,corresponding pixels in frame #n-1
are 1, and the correSponding pixels in frame #n+l1 are 1.

The time‘change detector 303 determines thet the

fourteenth through seventeenth pixels from the left belong

to the covered background area since the pixels of the

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



385. Likew se, the'meighting portions 384-3 through 384-(N 10 1) nmultiply
the pixel values of the notion-conpensated binary obj !Hﬁg f the
third through (N-1)-th franes supplied fromthe franggzinorle?ﬁggs-S -

t hrough 383-(N-1) by predeterm ned weights w3 through wW(N-1), and supplies

the weighted binary object images to the accunul ator 385. The 15 wei ghting

portion 384-N rrultiplies the pixel value of the 20 noti on-conpensat ed

bi nary object image of the Neth frame supplied fromthe frane nenory 383-N
by -a. predeterm ned weight wN, and supplies the wei ghted binary object

i mge to the accunul ator 385. The -ack#ut at or 385 accunul ates the pi xel
val ues of the. notion-conpensated binary object inages nultiplied by the
wei ghts Wl through. wWN of the first through N-th frames, and conpares the
accunul gt ed: pi xgl ryahslesyd 1 hathegpredeterm ned threshold val ue thQ,

t hereby generating the binary object 25 image 16 Decenber 2005 - 115 As
di scussed ab@ye,tinfe JHREMA -dHQCESS M PAdHamiR]: gRReales a robust

bi nary object inmage fromN binary object inages, and supplies it to the
time chengrtdehert HirdOgh theeOydinghy, pihel areeoms pacd fid Mg BElidngl 03

.configured as 5 shown in Fig. 43 is able to specify the area nore precisely

t han t hat shewatckgfdnd drevesinde nohs ecosrenpdradtefl pikdlhe of the
5 binary object image in frame #n are 0.

The area spécifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 41. 1In step $301, the background image
generator 301 of the area specifying unit 103 extracts, for

10 example,ran image object corresponding to a background
cbject contained in an input image based on the input image
50 as to -generate a background image, and supplies the
generated background image to the binary-object-image
extracting portion 302.

15 In step 8302, the binary—objectwimage extracting
portion 302 calculates a correlation Qalue bétween the input
image and the background image supplied from the background
imagé generator 301 according to, fér example, calculation
discussed with reference to Eigs. 35A and 35B. In step S303,

20 the binary;obﬁect—image extracting portion 302 computes a‘
binary object image from the correlation value and the
threshold value th0 by, for example, comparing the
correlation value with the threshold value thO.

| In step 'S5304, the time change detector 303 executes the

25 area determining processing, and the processing is completed.A



i nput image. The area specifying processing performed by the area
specifying unit 103 configured as shown in Fig. 43 isq/ Qgﬁ&&' bel ow
with reference to the flowhart of Fig. 47. The procgéglngs 0 &gfep S341
through step S343 are similar to those-of step 5301 through step 5303

di scussed with reference to the flowhart of Fig. 41, and an expl anation
thereof is thus omtted. 15 In step $344, the robust-processing portion 361
performs the robust processing. In step $345, the tinme change detector 303
perfornms the area determ ning processing, and the processing is conpleted.
Details of the processing of step S34%0are simlar to the 20 processing
di scussed with reference to the flowhart of Fig. 42, and an expl anati on
thereof is thus omtted.. Details of the robust processing corresponding to

(e Processhag 01 :sep RUiA:La BLcdlafhs SLYEDPALSU Lot elspnce to

the fl owchart In ste

perf0”“%ﬂé“ﬂégﬁﬂfﬂéd”ygﬁﬁﬁQﬁ_ r%%e%@n@%c%gb%hezgggrﬁhaEEGO ap; | nput

bi nary object image based on the notion vector e positional

i nf or mat42on tiherael swpali ethd Ho@At bR iRk AngdeLeet 8k %@2 _okNcfLep S362,
one of the frame nenories 383-1 through 383-N Stores the corrésponding

mot i on- aunReRRIRE Adbdttot GbisedeteiRifesURRLLAArViAe! H8sSYhLE83382. In
step 5363, the robust-processing portion 361
5 pixel in frame #n stored in the frame memory 341 is 0. If.
it is determined that the designated pixél in frame #n is 0,
the process proceeds to step S$322. In step-S322, it is
determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
10 If it is determined in step $321 that the designated
pixel in frame #n is 1, the proccess proceéds to step 5323.
In step 5323, the area determining portion 342 of the time
change detector 303 determines whether the designated pixel
in frame #n stored in the frame memory 341 is 1, and whether
15 the corresponding pixel in frame #n-1 is b_ If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
procéeds to step S$324. 1In step S324, it is determined that
the designated pixel in frame #n belongs to the covefed
20 baékground area, aﬁd the processing is completed.

If it is determined in step S$323 that the designated
pixel in frame #n is 0, or that the corréspdnding pixel in
frame #n-1 is 1, the process proceeds to.step S$325. In step
S325, the area determining portion 342 of the time change -

' 25 detector 303 determines whether the designated pixel in -



determ nes whether N binary object inages are stored. If it 1is determ ned
that N binary object inmages are not-stored, the proc 0 step
5361, and the processing for 10 conpensating for the fréﬁ?le%eﬁﬁ%%at ge bi nary
_object inmage and the processing for storing the binary object imge are.
repeated: If it is determned in step 5363 that N binary object inages are
stored, the process proceeds to step S364 in 15 which weighting is '
performed. In step S364, the weighting- - portions 384-1 through 384-N
muttiply the corresponding N binary object inmages by the weights w

t hrough wN. In step 5365, the accum’at or 385 accunul ates the N weighted
bi nary object imges. .20 In step 5366, the accunul ator. 385 generates a

bi nary object inage fromthe accunul ated i mages by, for exanple,

conpar i fgahdegRcstoddat 8 Mad Uerahd huendredeterig ned 444 egholbval ue thi,
and the processing is conpleted: As discussed above, the area specifying

uni t 108he 280 co8dpend Bty §5is0OWN | firdhg. #4831 i s abl e 1O gengyate area - 117
i nformation based. on the robust binary object image. As is seen. fromthe
f or egoi dgtelesitnedtitoat, tHe dsepynspetipikely uniftrak@3 #5 @ablle 4l generate |
area information indicating to which of the noving area, the stationary
area, Stitdecomcoasvmrretinyngkigralnd: af smge ofinthei cdverde: mokgrsund area each
pi xel contained in a frame belongs. Fig. 49 is a block diagramillustrating
theS ©proceeds to step $326. 1In step S$326, it is determined that
the designafed’pixel in frame #n belongs to the uncovered
background area, and the processing is‘completed.
If it is determined in step 5325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
10 frame #n+l1 is 1, the process proceeds to step $327. In step
5327; the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame
#n belongs to the foreground area, and the processing is
Completed. |
15 As discussed above, the area specifying unit 103 is
able to specify, based on the cOrrelatioﬁ vaiue between the
input image and the corresponding 5ackground image, to which
of tﬁé foreground area,  the béckground area, the covered
background area, or the -uncovered background area each pixél
20 of the input image belQngs, and generates area informati@ﬁ
corresponding to the specified result.
Fig. 43 is a block diagram illustrating another
configuration oflthe areé specifying unit 103. The area

specifying unit 103 uses a motion vector and positional

25 information thereof supplied from the motion detector 102.



configuration of the m xture-ratio calculator 104. An _ '
estimated-m xture-rati o processor 401 cal cul ates an 196%%k%HE%960§1xture
ratio for each pixel by calculating a nodel of a covere ackground area
based on the input inmage, and supplies the calculated estimated m xture
ratio to a mxture-ratio determ ning portion 403. An

estimated-m xture-rati o processor 402 calculates an 15. estinmated m xture

ratio for each pixel by calculating a nodel of an uncovered background

area based on the input imge, and supplies the cal cul ated. estinmated

m xture ratio to the mxture-ratie déRerm ning portion 403. Since it can
be assuned that the object corresponding 20 to the foreground is noving
with constant velocity within the shutter tinme, the mxture ratio a of the
pi xel s ﬂ%%é‘%ﬂe%&ﬂﬁ xgd 11%%%‘%%%' G5 E1e f ol %ge”%esiﬁflh%%&e“ stics.

That is, e mxture ratio a l'inearly changes according to~the positional

- change i ¢he X §leFerdicd fikd A1 bnaNah %@kﬁ]l%%ait&ohh%h@'&é‘éksigs |

one-di nensi onal, a 16 Decenber 2005 change in the mxture ratio a can be

repr esenrdrgek ldn@adey- 1f the positional change in the pixels is
two-di nensional, a change in the mxture ratio a can be represented on a

pl ane. Sinceat kebpeti-peoeksenfigf paaeibs SHOrgenktatas herdpassuned that the
object corresponding to the foreground is a rigid body nmoving with

consbantbiwed g oy e cthd ngigad ibartedobnt bé niiryt bbg ecat iiMmagelss oifNNer sel y
proportional to the anount of novenent v within the shutter
frames supplied from the binary-object—-image extracting .
portion 302, and outputs.the robust binary object image'to
the time change detector 303.
Fig. 44 is a block diagramlillustrating the
10 configuration of the robust;processing portion 361. A
- motion compensator 381 compensates for the motioﬁ of the
binary object images of N frames based on the motion vector
“and the positional information thereof supplied from the
motion detector 102, and outputs a motion-compensated binary
15 object image to a switch-382. | |
The motion compensation performed by the motion
.compensator 381 is discussed below with reference to
exam@les shown in Figs; 45 and 46. It is now assumed, for
examplé; that the area in frame #n is to be processed. When
20 binary object images of frame #n-1, frame #n, and fraﬁe-#h+l'
shown in Fig. 45 are input,_the motion compensator 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 ekamplé shown ‘in Fig.'46} baséd on thé

25 motion vector supplied from the motion detector 102, and



time of the foreground. 10 An exanple of the ideal mxture ratio a is shown
in Fig. 50. The gradient 1 of the ideal m xture rati?6f)ebé}nﬂé}%005“ xed area
can be represented by the reciprocal of the anobunt of novenment v. As shown
in Fig. 50, the ideal mxture ratio a has the 15 value of 1 in the
background area, the value of 0 in the foreground area, and the val ue of
greater than 0 and snmaller than 1 in the m xed area. the exanple shown in
Fig. 51, the pixel value C06 of the seventh pixel fromthe left in frame #n
can be indicated 20 by equation (8) bi usi ng the pixel value P06 of the
seventh pixel fromthe left in framel#A-1. C06 = BO6 / v + BO6 /| v +F01 / v
~+F02 / v PO6/v +P06 /v +FO1/v+F02/v z 2/vPO6+YFi/v (8) i-1 16 Decenber
2005 - 119 ‘In equation (8), the pixel value CO6 is indicated by a pixel
val ue Msappllhespickel mbRibhecoinyetsated, bihibke bbBgechi xhgyal te H06 is

| hdi cated by a pixel value B of the pixel in the background area. That is,
t he pi xelwitehué8®.of the 5 pixel in the mxed area and the pixel value B of
the pixel in the background area can be represented by equations (9)

The switch 382 outputs the motion-compensated binary

- object imége of the first frame fo a frame memory 383-1, and
5 outputs the motion-compensated binary object image of the

second frame to a frame memory 383-2. Similarly, the switch

382 outputs the motion-compensated binary object images of

the third through (N-1)-th frame to frame memories 383—3-

through 383-(N-1), and outputs the motion-compensated binary.
10 object image of the N~th frame to a frame memory 383-N.

The frame memory 383-1 stores the motion-compensated
binary objecf image of the first frame, and éutputs the
stored binary object image to a weighting portion 384-1.

The frame memory 383-~2 stores the motion-compensated binafy
15 object image of the second frame, and outputs the stored
binary object image to a weighting portion 384-2..

VSimilarly, the frame memories 383-3 through 383-(N-1)
storés the motion-compensated binary object images of tﬁe
third through (N-1)-th frames, aﬁd outputs the stored Einary

- 20 fdbjéct images to weighting portions 384-3 through 384-(N~1).
The frame memory 383-N stores the motion-compensated binary
object image of the N—fh frame, and outputs the stored
binary object image to a weighting portion 384~N.

The welghtlng portlon 384-1 multiplies the pixel value

25 of the motion-compensated binary object image of the first .



and (10), respectively. M= Q06 (9) B = P06 (10) 10 In equation (8) , 2/v
corresponds to the mxture ratio a. - Since the anount is 4,
the mxture ratio a of the seventh pixel fromthe |e?§fﬁﬁéﬁ9§2@°%n is 0.5.
As di scussed above, the pixel value Cin the designated frame #n is ‘
considered as the pixel value in the mxed area, 15 while the pixel value
P of frame #n-1 prior to frame #n is considered as the pixel value in the
background area. Accordingly, equation (3) indicating the mxture ratio a
can be represented by equation (11): C=a P+ (11) 20 where f in
equation (11) indicates. the sum of thé& f-oreground conponents Ei Fi/v

contai ned in-the designated pixel. The variables contained in equation
(11) are two factors, i.e., the mxture ratio a and the sumf of the

f oreground, £ ) i@ larl nodegl, obtai ned by expanding in

t he tine‘lgtDec Eﬁg?*% %-tfgogIr |Fb%??%ﬁyi§§3p?xéV galues in which the
amount  f-dRMemBNthed & Rd tbhe jnum f. vi Lt yal divid tions is 4 in
an uncgiered backgrouﬁéggrea Vsashow%b %13%9% ggggggéanEHQQ epresentation

of the ceaeied ihagkireund acedmuidtb? BRS unequejed Rackgr pupdighea, the
pi xel value C of the designated frame #n is considéred as the pixel value

in the 384-2 multiplies the pixel value of the motion-compensated

5 binary Objéct image of the second frame supplied from the
frame memory 383~2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385. |

Likewise, the weighting portions 384-3 through 384- (N-

10 1) multiply‘thé pixel values of the motion—compensatea
binary object images of the third through (N—l)—ﬁh frames
supplied from the frame memories 383-3 through 383—(&—1) by
predetermined ﬁeights w3 through w(N-1), and supplies the
weighted binary object images to the accumulator 385. The

15 weighting portion 384-N multiplies the pixel value of the
motion—compensated binary object image of the N-th frame
supplied from thé frame memory 383-N by a.predetermined
weigﬁt wN, and supplies the weighted binarj object image to
the accumulator 385. o

20 The;accumulatOr 385 accumulates the pixel values of fhe.
motion~compensated binary object images multiplied by the
weights wl through wN_éf the first through N-th frames, and
‘compares the accumulatéd pixel value with the predetermined
threshold value th0, thereby generéting the binary object

25 image.



m xed area, while the pixel value N of frane #n+l subsequent to frane #n
is considered as the bhackground area. Accordingly, §f|0q§£§%% ndicating
the mxture ratio a can 10 be represented by equatlonﬂ¥ T (12) .
The- enbodi nent has been descri bed, assum ng that the background object is
stationary. However, equations (8) through (12) can be applied to the case
in which the 15 background object is noving by using the pixel value of a
pi xel |ocated corresponding to the anmount of novenent v of the background.
It-is now assunmed, for, exanple, |njgég 51 that the anpbunt of novenent v
of the object corresponding to kKground is -2, and the nunber of
virtual divided 20 portions is 2. In this case, when the object
corresponding to the background is noving to the right in Fig. 49, the

pi xel val ue 7B ofi sidis sl @lbdve | i DaCE=UpE i@ iiny RAUAIIORE(10) is
represented by a pixel value PO4. Since equations (11) and (12) each

cont ai ngéner2bes VA@rtahles, bileryiotijeer rajddge aFa0notb e detayyadted w t hout
16 Decenber 2005 - 121 nodifying the equations. The mixture ratio a

l'i near | imehangesnd nsumroielance ve tthe aciolangmrige tdetqasit i308 .of the pixels
because the object corresponding to the foreground is noving with constant

5 vel ochtgordingity | idiegidn sspharFcirey iwtitc,1Eh agubtgwred res whi ch t he

m xture ratio a and the sumf of the foreground
5 shown in Fig. 43 is able to specify the area more precisely

than that shown in Fig. 31 even if noise is contained in the
ihput image.
The aréa specifying processing performed by the area
specifying unit 103 configured as shown in Fig. 43 is
lQ described below with reference to the flowchart of Fig. 47.
The processings of step 5341 through step S343 are similar
to those of step S$301 through step S$303 discussed with
reference to the flowchart of Fig. 41, and an explanation
thereof is thus omitted. |
15 In step S344, the robust-processing portion 361
performs the robust processing. |
In step 5345, the time change‘detéctor 303 performs the
areaidetermining processing, and the processing is cqmpieted.f
Details of the proce551ng of step 5345 are similar to the
20 . processing discussed w1th reference to the flowchart of Fig.
42, and an explanation thereof is thus omitted.
Details of the robust processing corresponding to the
1 processing of step $344 in Fig. 47 are éiven below with
referénce to the flowchart of Fig. 48. 1In step 5361, the

.25 motion compensator 381 performs the motion compensation of .



conponents are approximated in the spatial direction can hold true. By

~utilizing a plurality of sets of the pixel values of ﬁ@gﬁg%ﬁﬁ&gmgglonging

to the mxed area and the 10 pi xel values of the pixel's belonging to the
background area, the equations, in which the mxture ratio a and the sumf
of the foreground conponents are approxi mated are solved by assuming that
the mxture ratio a linearly changes and that the sumof the foreground
conponents linearly changes, as 15 shown in Fig. 53. As shown in Fig. 53,
the data that can be utilized for calculating the mxture ratio a of the
pi xel s belonging to the covered backgeound area includes the pixel values
MD1 through MD5, which contain the pixel value of a designated 20 pixel of

‘the designated frane #n, and the pixel values P01 through P05 of frane

#n-1. . The i r | . di.ff.er.s _accaording to the.,spatial . position, and
i's repréggﬁggﬁhg§ﬁa tﬁ} 6%ﬁlé§?§eT%%S§%%f%%‘?ﬁ%“F%?@ErH&H&OEOﬁB nent s
differs I3 t; i gl i i i ' e sented by fAO-
61107 OREaughng oS L0 e e shapRld | Qo 3 SERLESFOLSH:
appr oxi reali@hddt: Ut Pl ahe s ddhe TSt Uohel Al Q1R E3AnRerlcRBLESENGEY. DY

i

equation (13) by considering the novenent v corresponding to t
?L;e?;;gg&mdgﬁi383LmBSEQ&E%OQM@|c@E&%%bb%ﬂi%@dme@bﬁeﬁbhﬁéthEEQCtiQn of
5 binary Obiect image supplied via fhe switch 382.

In step S363, the robust-processing portion 361
determines whether N binary object images are stored. If if
isrdetermined that N binary object images are not stored;

“the procéss returns to step S361, and the processing for

10 rcompensating for the motion of the binary object image and
the processing for storing the binéry object imaje are
repeated. B

If it is determined in step S363 that N binary object

images are stored, the process proceeds to step 8364 in

15 which weighting is performed. In step S364, the weighting
portions 384-1 through 384-N multiply the corresponding N
binary object images by.the weights wl through wN.
o In step S$365, the accumulator 385 accumulates the N
weighted binary object images.

.20  In étep S366, the accumulator 385 generates a binary
object image from the accumulated images by, for example,
comparing the accumuléted value with a predetermined
thfeshold value thl, and the processing is completed.

As discussed above, the area specifying umit 103

25 configured as shown in Fig. 43 is éble to generate area



ax = jmtkg+p (13) In equation (13), x indicates one of 01 through 05.

equation (13), j is the index in the horizontal direcE¢F§ gl k is the
index in the vertical direction when the position of dﬁglgnated pi xel

.is 0. In equation (13), m designates the horizontal gradient of the

m xture ratio a in the plane, and q indicates the vertical gradient of the
m xture ratio a in the plane. In equation (13), p indicates 15 the
intercept of the mxture ratio a in the plane. The sum of the foreground

conponents can be expressed by equatlon (14). fx = js+kt+u (14) In
equati-on (14), x indicates one of 01t%hrough 05. In 20 equation (14), j is
the index in the horizontal direction, .and k is the index in the verti cal

di rection when the position of the designated pixel is 0. In equation

(14), sidesigaeies basedosh zoms akoghadi ®Mas) dbrestmmigd he foreground
conponents in the plane, and t indicates the ..25 vertlcal gradi ent.of the

sum of the fay eigy alsah carponRey Sfdﬂég’kﬁ.r@@lﬁﬁ@ﬁﬁp%@.% 123 theapl ane. In
equation (14), u,-indicates the intercept of the sum of the f or eground

corrponesnbemﬁyidr@ yhBnel 0Fofs extalgl €y dynapptey i apbxifrivneltival ues that are
spatially located in close proximty with each other to the 5 equations
cont ai nimdicheing xtwarhiabh esf tthe groping, a:tea anthal,sta35 eguat isons: ,can be
obtained for the six variables. By
5 the uncovered background area, or the covered background
area each pixel contained in a frame belongs.
Fig. 49 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104. An
estimated—mixture~ratio processor 401 calculates an
10 s estimated mixture ratio for ‘each pixel by calcﬁlating a
model of a covered background area based on the input image,
and supplies the calculated estimated mixture ratio to a
mixture-ratio determining portion 403.
An estiméted—mixture—ratio proéessor 402 calculates an
15  estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the input
image,-and supplies the calculated estimated mixture ratio
tO'tﬁe mixture-ratio determining portion 403.
Since it can be assumed that the object correspondiﬁg
20 to the foreground is moving with coﬁstaht velocity withinl
the shutter time, the mixtu:e,ratio o of the pixels
belonging to a mixed area exhibits the following
characteristics. That-is,,the mixture ratio allinearly

changes according to the positional change in the pixels.

25 If—the positional,change in the pixels is one-dimensional, a



solving the obtained equations with the nethod of |east squares, the six
variabl es can be determ ned. Wen the object correspojglihadfitirbes
foreground is 10 noving fast in the shutter tinme, the mxture ratio a of
the pixels that are spatially located in close proximty with. each other
is uniform and the sumof the foreground conponents of the pixels that-
are spatially located in close proximty wth each other is uniformdue to
the spatial correlation of the foreground object. By utilizing this
assunption, equations in which the mxture ratio a and the. sumf of the
f oreground conponents are approxi mat éd8inm the spatial direction can hold
true. More specifically, concerning the first termof the 20 right side of
equation (3), the nmxture ratio approximates to be uniform as indicated

by equatdiafhdel 3 tH4Y @ ediredeatibbed el gw réggsﬁhﬁ%edcﬁlfﬂﬁg%g&?g the

second termof the right side of equation (3) e sumo or eground

© conponentss +MP L Fabes 1t %h@%g'gniﬂnortme 3 xkdi ¢at edob¥imérs§aHL! 0f (21),
which is described bel ow. 16 cenber 2005 - 124 By utilizing a plurality

of sets chlarigee ipi x@l WwakieseOhralithe B ¥@hsbbelepgeBantedt BR Hi yedndl €a and
t he pi xel values of the pixels belonging to the background area, the ‘

equation inswhiehthbepstxbdr@frahéof padddis hehsti) fiofcdhend oreground 5
conponents are approximated is solved. By approxinmating the mxture ratio a
assubi ngstsiiaied: hat the object corresponding to the foreground is a
- rigid body moﬁing with constant velocity.
?he gradient of the mixture ratio a is inversely
proportional to the amount of movement v within the shutﬁer
time of the foregrouﬁd.
10 '~ An example of the ideal mixture ratio o is shqwn in Fig.
50. The gradient 1 of the ideal mixture ratio a in the
mixed area can be represented by the reciprocal of the
amount of movement‘v.
As shown in Fig. 50, the ideal mixture ratio a has the
15 vaiue of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in thé mixed area.
 In the example shown in‘Fig..Sl, the pixel value C06 of
- the seventh pixel from the left in frame #n can be indicated
20 by equation (8) by using the pikel value P06 of the seveﬁth

pixel from the left in frame #n-1.

£ C06 = BO6 /v + BO6 /v +F0L /v +F02 /v
= P06 /v +P06 /v +F0L/v +F02 /v (8)

. 2
2/v - -P06+ D Fi/v

i=1



mixture ratio a in the pi xel s which are spatially in close proximty with

‘each other is uniform the mxture ratio a can be ex sed, b uation
e Desmppigdd

(15). 10 a = n (15) As shown in Fig. 54, i indicates rndex when

‘the position of the designated pixel is set to-0. In Fig. 54 the white

dot indicates the designated pixel, and the black dots indicate the pixels
| ocated in close proximty 15 with the designated pixel. In equation (15),
nis the approximted value o.f the mxture ratio a and is also the _
mxture ratio a of-the designated plxel corresponding to the index, which
is 0. Although the index i is known, 1%’ is unknown. 20 By approxinating the
mxture ratio a, as indicated by equation (15), a plurality of different

m xture ratios a for a plurality of pixels can be expressed by one

variabl e. | nin tifuaxiapl e)shawe igh4d19.vaihe (A% filsy 6 8 ddatied bt kos a for

the five pixels can be expressed by one variable, i.e., n. 25 By

appr oxi pakebgvahee X6 fir ehe apiveR im the miane shewn Ji6i Recarder 2005 - 125
= in Fig. 55, equation (15) is expanded into the plane, and the m xture

rati o apéael beakbxerkdsets bindjvatedrby 16)piash (dB)e B nofiithe Ghixdl
i ndi cates the horizontal index when the 5 position of the designated pixel
is set ip Dhedmackgrmdidatesat helhat tizal thadeixahern e Mosf tilen of the

5 pixel in the mixed area and the pixel value B of the pixel
in the background area can be represented by equations (9)

and (10), respectively.

M = CO06 (9)
B = P06 (10)
- 10 In eguation (8); 2/v corresponds to the mixture ratio a.

Since the amount of movement v is 4, the mixture ratio a of
the seventh pixel from the left in frame #n is 0.5.

As discﬁssed above, the pixel value C in the designated
frame #n is consideréd as the pixel value in the mixed area,

15 while the pixel value P of frame #n-1 pkior to frame #n is
considered as the pixgl value in.the background area.
‘Accordingly, équation (3) indicating the mixture ratio o can
be répresented by equation (11): |

C = o e P+f : {L1)

20 where f in equation (11) indicates the sum of the foregrouhd
components X;Fi/v contained in the designated pixel. The
variables contained in equation (11) are two factors, i.e.,
fhe‘mixtﬁre ratio o and the sum f of the'foregfound
Combonents;

. 25 - Similarly, a model obtained by expanding in the time



designated pixel is set to 0. In Fig. 55 the white dot indicates the
designated pixel. As shown in Fig. 56, the data that ¢apeRgnpdrizbpged for 10
calculating the mxture ratio a of the pixels belonging to 15 the covered
background area includes the pixel values MOL through M)5, which contain
t he pi xel value of the designated pixel of the designated frame #n, and
the pixel values PO1 through PO5 of frame #n-1. Since the mxture ratio a
approxi-mates to be uniform regardl ess.of the spatial position, it is
represented by the mxture ratio a. Since the sumof the foreground
conponents approxi mates to be uni fot#Pregardl ess of the spatial position,
it is 20 represented by f. For exanple, in franme #n shown in Fig. 51,

" equations (17) through (19) can hold true for CO5 through C07. CO5 =

a05eB05/aaH L5 1ok ):heCPf x5 1208BABLY +hOFhG 28) the5afBhint 887RGFLMEHOT (19) 16
Decenber 2005 - 126 Assuming that the foreground conponents of the pixels

posi tioned 4 el ase puaver bY WirkugachioiheH aberegHal is 4. en, ahhat FO1
t hrough FO3 are equal, equation (20) holds true by replacing FO1 through
FO3 by fuhcdwdred=bhek@g2@urnd area is shown in Fig. 52.
"As in the representatibn of the covered background area,
5 in the uncovered background area, the pixel value C of the
designated frame f#in is considered as the pixel value in the
mixed afea, while the pixel value N of frame #n+1 subseqguent
to frame #n is considered as the background area. |
Accordingly, equation (3) indicating the mixture ratio « can
10 be represented by equation (12) .
C=aeN¢E (12)
The'émbodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) éan be applied to the case in ﬁhich the
15 background object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of
the background. It is now assumed, for example, in Fig._Sl
that.the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
20 poftions is 2. 1In this'case, when the object corfesponding
to the background is moving to the-right in Fig. 49, the
pixel.value B of the pixel in the backgrouﬁd area in’
equation (10} is represented by a pixel value P04.
Since equatioﬁs'(il) and {12} each contain two

25 . variables, the mixture ratio o cannot be determined without



In equation (20), x indicates the position in the spatial direction. When
I indicates the horizontal index, and j indicates th | Calyahardex,
equation (20) can be expressed by 10 equation (21). f??f%&éﬁﬁggg%? In

.equation (21), u is indicated by Fc, as expressed by equation (22). u = Fc

15 That is, the approximation in which the sumof the . foreground
conponents of the pixels located in close proximty with each other is

uni form can be expressed by . equation (21). Assuming that the m xture ratio
a of the pixels located 20 in close proximty with each ot her approxi mates
to be uniform, and that.the sumofl4he foreground conponents of the

pi xel s located in close proximty with each other approximtes to be
uniform equations (15) and (21) are substituted into equation (3),

t her ebymobii 8y Dha ot e UaGh#PiorS. (23). 16 Decenber 2005 - 127 M = nB+u (23)
Equation (23) contains two variables, i.e., n and u. For determning the

m Xt ure ratiThe midtidaimeari ofe Equaid BnscHandacriensetdniaeid iwigh he pi xel
values of the 5 pixels spatially located in the close proximty with each -
a change in thg position of the pixels because the object :
corresponding to the foreground is moving with constant
5 ‘velocity. By utilizing this characteristic, an equation in
which the mixture ratio o and the sum £ of the foreéround
components are approximated in the spatiél direction can
‘hold true. By utilizing a plurality of sets of the pixél
values of the pixels belonging to the mixed area and the
10 pixel values of the pixels belonging to the background area,
the equations in which the mixture ratioc o and the sum f of
the foreground components are approximated are solved by
assuming that the mixﬁure ratio o linearly changes and that
the'sﬁm of the foreground components linearly changes, as
15 shown in Fig. 53.

As Shdwn in Fig. 53, the daté that can be utilized'for
calCulating thg mixturé ratio o of the pixels belonging to
theldovered background area includes the pixel values MOi
through M05, which contain the pixel value of a designatéd

20 pixel of the-désignated frame #n, and the pixel wvalues P01
through P05 of frame #n-1.

The mixture ratio a‘differs according to the spatial
pdéition, and is represented by «0l thfough al5.

- The sum of‘thé'foreground components differs according

25 to the spatial position, and is represented by f£01 through .



other in equation (23) while maintaining the two variables. Mre

specifically, according to the pixels in close proxinj ﬁﬁéﬁkéﬁg _
desi gnat ed pi xel, the pixel value Mor the pixel valn}};eM Is set in:the .

normal equation 10corresponding to equation (23). Then, a plurality of
normal equations in which the pixel value Mor the pixel value Bis set are
sol ved by the. . nethod of |east squares, thereby calculating the mxture
ratio a. For exanple, the horizontal index i of the designated pixel is set
to 0, and-the vertical index j is set to 0. 15Then, the pixel value M or
the pixel value Bis set in equationlg23) for 3x3 pixels |ocated close to
t he desi gnated pi xel, thereby obtaining equations (24) through (32).
M1, -1= B-1,-1" n+u(24) 20M), 1= BO, 1n+u(25) M1, -1B+1,-1' n+u(26) M1, 0=
B 1,0n+uf@y) MO, () = BO,a.n+u (28) M+l 0= B+1 0 n+u(29) 25Mi,+1 = ,
B-1, +1n+u(30) 16 Decenber 2005 - 128 M, +1 = Ba, +1n+u M+Z, +1 B+l, +1n+u.
(31) (32) N nmeaqitaki aast(124) rhhioughi$32ppaseinbtained the phene,
the mixture ratio a can be represented by equation (13} by
considering the movement v corresponding to the two -
5 directions, i.e., the horizontal direction and the vertical
direction of the image.
ax = Jjmtkg+p _ {13)
In eguation (13), x indicates one of 01 through 05. In
equation {(13), j is the index in'the horizontal direction,
10 and k is the index in the vértical direction when the
position of the designated pixel is 0. 1In equation (13), m
designates the horizontal gradient of ‘the mixture ratio a in
the plane, and g indicates the vertical gradient of-the
mixture ratio « in the plane. 1In éqﬁation (13), pAindicates
15 the intercept of the mixture ratio « in the plane;
The sum of the foreground components can be expressed
by eguation {(14).
fx = jst+kt+u ' (14)
Inrequation (14), x indicates one of 01 through 05. In
20 equation (14), j is the index in the horizontal direction,
-and k is the index in the vertical direction when the
position of the designated pixel is 0. In equation (14), s
designates the horizontal gradient of the sum of the

foreground components in the plane, and t indicates the

25 vertical gradient of the sum of the foreground components in



two vari abl es u and n, and are solved by the nethod of |east 5 squares,
thereby determning the two variables u and n. In thisp er DO m xture
ratio a of the designated pixel corresponds to the variable n in equati.on

(23) Accordingly, between the two determined variables u and n, the

variable n is output as the m xture ratio a. 10 A description has been
given with reference to equations (24) through (32), by assum ng that the
pi xel value of. the pixel contained in the mxed area is M and the pixel
value of the pixel contained in the background area is B. In this case, it
1S necessary to set nornal equati ons'45 Tor each of the cases where the
desi gnated pixel is contained in the covered background area, or the
designated. pixel is contained in the uncovered background area. For
exanpl ethahphatde nixtedeatadn o(Bdpf @ henglestesotiai hetkicegtheftover ed
background area in frame #n shown 20 in Fig. .51 is determ ned, C04 ‘
t hf oughtl88sywh ¢hetlpe xBdsedgnofimdneomporent $ hin ptlxel plaieies P04 t hr ough P08
of the pixels in frame #n-1 are set in the nornal equations. For '

det er m ni ng Bdwe gxaunie tat iap yoing Hecdpipdeiel gerdmgisnddhaitn arke uncover ed
background area in frame #n shown 25 in Fig. 52, the pixels C28 through
C32 of fpakbakhy ahecatrd 150 DekethH RrepUsity Tobth maeht e sSNARS hr ough
N32 of the pixels in frame #n+l are set jin the nornmal equations. Wen the
nmodel cBHEPR Pomdli pertoinked cbher dlx peRkyrbBlRa, ™ 9. P, S, &, and u,

25 equations can be obtained for the six variables. By
solving the obtained eguations with the method of least
squares, the sixrvariables can be'deterﬁined.
When the object corresponding to the foreground is
10 moving fast in the shutter time, the mixture ratio a of the
pixels that are spatially located in close proximity with.
each other is-uniféfm, and the sum of the foreground
cdmﬁonents of the pixels that .are spatially located in close
proximity with each other is uniform due to the spatial
15 gorrelation of the fo;eground object. By utilizing this
. rassumption, equations in whiéh the mixture fatio a and the
sum £ of the-foreground components are approximated in the
spatial directieon can hold true. | | |
More specifically, concerning the first term of the
20 -right side of équation (3), the mixture ratio approximateé
fo be uniform, as indicated by equation (15), which is
described below, and also, coﬁcerning the second term of the
. right side of equation (3), the sum of the foreground
components approximates to be uniform, as indicated by

.25 _equation (21), which is described below.



area is used, it is set that M= Cand B = P in equations 5 (24) through
(32). In contrast, when the nodel corresponding to thg pa gogackground
area is used, it is set that M= C and B = N in equations 24? t hrough
(32). More specifically, for exanple, for calculating the m xture ratio.a
of the pixel contained in the covered 10 background area shown in Fig. 57,
the followi ng equations (33) through (41) are established- The pixel value
of the pixel whose mxture ratio ais to be calculated is M5. In Fig.

57, the white dots indicate pixels to be considered as. the background,
and the bl ack dots indicate pixel s té2Be-15 considered as the nixed area.
Ml = Bcln+u (33) M2 = Bc2.n+u (34) M3 = Bc3n+u (35) M4 = Bc4.n+u
(36) 20 M5 = BcSn+u (37) M6 = Bcbn+u (38) M7 = Bc7n+u (39) M8 =

Bc8n+u (40) BWMcQrz1Be9ng+d HHd)ra2bcien salsubating gheMod & r¢io a of
t he pixel 16 Decenber 2005 - 130 contained in the covered background area

in framechn pi-a s pelehgiabues Bek hhkedghrBg9anl the pixelsvimubde
background area in frame #n-1 corresponding to the pixels in frame #n
of the pixels belonging to the background area, the equation
in which the mixture ratio o and the sum f of the-foreground
5 componenté are approximated is solved. |
By approximating the mixture ratio a assuming that the
mixture ratio o in the pixels which are spatially in close
proximity with each other is uniform, the mixture ratio «
can be expressed by equation (15}.
10 o =n : ' : (15)
As shown in Fig. 54, 1 indicateé the spatial index when
"the position of the designated pixel is set to 0. In Fig.
54, the white dot indicates the designated pixel, and the
black dots indicéte the pixels located in close proximity
15 with the designated pixel. In equation (15), n is the
approximated value of the mixture ratio o and is also the
mixture ratio o of the dgsignatéd pixel correspohding to the
index, which is 0. o
Although the index i is known, n is unknown.
20 . By apﬁroximating the mixture ratio @, as indicated bf
| equation (15), a plurality of different mixture ratios a for
a plurality of pixels can 5e axpressed by one wvariable. In
the example shown in Fig. 54, the five mixture ratios o for
the five pixels can be expressed by one variable, i,e., n.

25 o By approximating the mixture ratio « in the plane shown



are used in equations (33) through'(41). Since nine 5 equations (33)
through (41) are established for the two variables uj@pdedimbdr 605 can be
solved by the nethod of |east squares. Wen calculating the mxture ratio

.a of the pixel contained in the uncovered background area shown in Fig. -

57, 10 the follow ng equations (42) through (50) can hold - true. The pixel
val ue of the pixel whose mxture ratio ais to be calculated is Mu5. Mi. 1
= Bul *n+u (42) M2 = Bu2on+u (43) 15 Mu3 = Bu3en+u (44) .Mi4 = Bud*n+u
(45) M5 = Bub5on+u (46) Mi6 = Bu6*n+u (47) Mi7 = Bu7en+u (4-8) 20 M8
Bu8en+u (49) M9 Bu9en+u (50) .Wrefi2xal cul ating the mixture ratio a of
the pixel contained in the uncovered background area in frane #ri, the

pi xel. values Bul t hrough Bu9 of the pixels of the background 25 area in

frame 4p4lregrrespangdingide 119 Qié“(iig%;&fdéd AR ¢ fehel & RaEEMGq 2005 - 131

are used in equations (42) through Since nine equations (42) through
(50) areheshabtisheshd s dhead We safiaddas by aghatiddeyidan be sol ved by

t he met hod of | east
. a=n - (16)
In Fig. 55, i indicates the horizontal index when the
5 position of the designated pixel is set to 0, aﬁd J
indicates the vertical index when the position of the
designated pixel is set to 0. 1In Eig. 55, the white dot
indicates the designated pixel.
As shown in Fig. 56, the data that can be utilized for-

10 caiculating the mixture ratio o of the pixels belonging to
the covered background area includes the pixel values MO1
through M05, which contain the pi#el value of the designated
pixel of the designated frame #n, and the pixel valueé P01
through P05 of frame #n-1.

_15 - Since the mixture ratio a approximates térbe_uniform,
regardless of the spatial position, it is represented by the
mixture ratio a. |

.Since the sum of the foreground componénts épproximates
to be uniform regardless of the spatial'position; it is |
- 20 repfeseﬁted by £. |
For example, in frame #n shown in Fig. 51, equations

{17) through (19) can hold true for C05 through co7.

CO5 = a05eB05/v+E0S | an
C06 = a06eBO6/vE06 a (18)
25 €07 = a07eBO7/v+E07 (19)



squafes. 5 A specific process for calculating the mxture ratio a by

appl ying the nethod of |east squares is described bel sake of
sinplicity, in equation (23), n is indicated by w0, aﬁﬁkﬁa?g&?bgscated
by-wi. Simlarly, in equation (23), the value Brelating to n is indicated
by a0, 10 and the value 1 relating to u is indicated by al. Al so, a

conbi nation of the horizontal index i and the wvertical index j in
equations (24) through (32) is indicated by a single index k. \Wen the
index i and the index j are indicated by a 15 single index k, the

rel ati onship anong the index i, the l2edex j, and the index k is expressed
by equation (51). k = (i+l)+3+(j+1) (51) In consideration of the error ek,
equati ons (24) t hrough (32) can be nodified into equation (52). | M=

T A St S BI SRRI 20otBZhunk LorglhoBS O e iogers Trom O
- (53) h=0pd&: Erseadein 206 phidkimity with each other are equal,
'i.e.,.thaf F0l1 through FO3 are equal, eﬁuation (20) holds
.true-by replacing F01 through F03 by fc.
5 fx = Fc (20)
"In equation (20), x indicates the-poéition in the spatial
direction. |
When i indicates the horizontal indéx, and j indicates
the vertical index, eguation (20) can be expressed by |
10 equation (21}.
fi, 3 = ﬁ C (21)
In eguation (21), u is indicated by Fc, as expressed by
'equation-(22).
| lu = Fc
15 : That is, the approximation in which the sum of the
foréground compeonents of the pixels lOQéted in close
proximity'with each other is uniform can be expressed by
equétion (21). | |
Assuming that the mixture ratio a of the pixels located
20 - in close proximity with each_otﬁer'appréximates to be |
uniform, and fhat_the'sum of the foreground componenté-of
the pixels located in close proximity with each other
approximates'to be ﬁniform, equations (15) and (21) are
substituted into équation {3}, theteby obtaining equation

25  (23).



Since the nethod of |east squares is applied, the square sumE of the error
I's defined as foll ows, as expressed- by equation (54). 1631)@04‘:.5[?6;9505 k=0 (54)
In order to mnimze t he error, the partial differential value of .
variable W with respect to the square sumE of the error should be 0 Vis
an integer either 0 or 1. Thus, w is determ ned so that equation (55) is
satisfied. dE - 2 Z ek aek aW x-0 dW/ 8 =2Zek av=0 x-0 By substituting
equation equation (56) is obtained. (55) (53) into equation (55), 8 1 8 >
(av > ah wh) = Z av. M k=0 h=0 k=0 (56) Fromthe two equations obt ai ned
by substituti-ng one of - 127 - '

- .M = neB+u (23)
Equation (23) contains two variables, i.e., m and u.
For determining the mixture ratio o, the number bf
equations is increased by setting the pixel values of the
5 pixels spatially located in the close prbximity with each
other in equation (23) while maintaining the two wariables.
More specifically, according to the pikels in close
proximity with the designated bixel, the pixel value M or
the pixel value B is set in the normal equation
10 correspoﬁding to equation (23). Then,.a plurality pf normal
equations in which the pixel value M or the pixel value B is
set are solved by the metﬁod of least squares, thereby
calculating the mixture ratio «. |
For example, the horizontal index i of the designated
15 pixel is set to 0, and the vertical index j is set to 0.
Then, the pixel.value M or the pixel value B is set in
~ equation (23) for 3x3 pixels located close to the désignated

pixel, thereby obtaining equations (24) through (32).

M _; = B_; _jen+u (24)
20 My ;= By qentu - (25)
Myy .1 = Byy, _gentu . - (26}
 M—L0 = B_j o*ntu : j (27)
My o = By gontu - (28)
Mi1,0 = Byg gentu : | . (29)

25 M 41 = By ,entu ‘ o (30)



the integers 0 and 1 into v in equation (56), wh (h=0,1) is determned. As
di scussed above, the determned result w0, i.e., n, .éDéc?&nﬂePZGdBe m xt ure
ratio a corresponding to the 20 designated pixel In I's manner, the )
mxture-ratio calculator 104 is 1 6 Decenber 2005 - .133 able to determ ne
the mxture ratio a with a relatively sinple calculation,.by assum ng that
the mxture ratio a of the pixels in close proximty with each ot her
approximates to be uniformand that the sum of the foreground conponents 5
of the pixels in close proximty with each other approximtes to be
uniform Wen the foreground object 148nbving fast in the shutter time, it
can be assuned that the mxture ratio a of the pixels spatially located in
close proximty with each 10 other is uniform and that the sum of the
foregrownd,, eopponents of the pixels spatially locatigd in close proximty
with each’other 1inearly changes due to the spatial correlation of the
foregroimg .qbjem},. ,;Basad on these assunptions, eqaahions in which the

m xture ratio a 15 and the sumf of the foreground conmponents are

~ appr oxi mat edNiganedpea ebtmbl (BhedthAsughowd2 i e mbiE8nddhe&odattdet hat can be
utilized for calculating the mixture ratio a of the pixels belonging to '
t he covdmed vieadklpleand andani nehddeset helpeseby viliegsetBdd of least

5 squares, thereby determining the two variables u and n. In
this case, the mixture ratio a of the designated pixel
corrgsponds to the variable n in equation (23). Accordingly,
between the two determined variables u and n, the variablé n
is output as the mixture ratio a;

10 A descfiption has been given with reference to
equations (24) through (32), by assuming that the pixel
value of. the pixel contained in the mixed_aréa is M, and the

_ pigél value of the pixel contained in the background area is
B. In this case, it is necessafy to set normal equations

15 for éach of the cases where the designated pixel is
contained in the covered background area, or the designatedi
pixel is contained in the uncovered background érea.

'For'example, when the mixtufe fatio a of the pixel
contained in the covered background area in frame #n shown

20 in Fig..51 is'determingd, co4 through C08 of the pixels ih

| frame #n and tpe pixel wvalues P04 through P08 of the pixels
in fréme #n-1 are set in the nofmal equations.

For deterﬁining the mixture ratio o of the pixel"
contained in the uncovered background area in frame #n shown

25 - in Fig. 52, the pixels C28 through C32. of frame #n and the .



20 through M)5, which contain the pixel value of the designated pixel of
the designated frame #n, and the pixel, values PO t QQHF frame
#n--1. The m xture ratio a approximates to be uniforn?ég%ar ‘%gg@%f t he .
spatial position, and. is thus represented 25 by the m xture ratio a. 16
Decenber 2005 - 134 The sumof the foreground conponents is different
according to the spatial position, and is thus represented by fd through
f05. The mixture ratio a in which a approxinates to'be 5 uniformis .
expressed by equation (57). a=p (57) fd through EO5 approxi mting to be
linear is expressed by equation (58)2%x = js+kt+u (58) 10 In equation
(58.), x is one of 01 through 0O5_ Wth this arrangenent, for exanple, by
applying the pixel values of 5x5 pixels spatially |ocated in close

proxi m pyxuit hatach W2HethiSuhenBrUst DS OB NMMortdee #four awar i abl es,
i.e., p, S. t, and u, 25 equations can be 15 obtained for the four

vari abl eet Thetnbdtabnagdl egyastddss are . sol ved by the nethod of | east
squares, thereby determning the four variables. For exanple, it is now
assuned t hatWhdre theXtmodelr aidﬁrespon_ding to the covered background '
area is used, it is set that M = C and B = P in equations
5 (24} through (32). In contrast, when the model
.-corresponding to the uncovered background area is used, it
is set that M.= C and B = N in equations (24) through (32).
More specifically, for example, for calculating the
mixture ratio oo of the pixel contained in the covered
10 background area shown in Fig. 57, the following equations
(33) through {41) are established. The pixel wvalue of the
pixel whose mixture ratio o is to be calculated is Mc5. In
Fig. 57, the white dots indicate pixels to be considered as

the background, and the black dots indicate pixels to be

15 considered as the mixed area.

Mcl = Bclen+u A (33)

Mc2 = Bc2entu | ' (34)

Mc3 = Be3entu o - (35)

Mc4 = Bcdentu : (36)

20 Mc5 = BcSentu S : (37
Mcé = Bcé6entu ' N ' (38)

. Mc7 = Bc7entu : ' (39)
Mc8 = Bc8entu | ' _ (40)

Mc9 = BcSent+u . (41)

25 . When calculating the mixture ratio o of the pixel



of the 5x5 pixels spatially |located-in close proximty with 20 each ot her |
is uniform and that the sumof the foreground conponents of t@ﬁ%pixels |
spatially'located in close proximty with each ot her 1 Fﬁ@%?@?z nges. ' é
Then, the pixel values spatially |located in close proximty with each other

are set in the equations by applying four variables, that is, 25 -one

variable indicating the mxture ratio and three 16 Decenber 2005 - 135

vari ables indicating the gradient and the intercepts, and the equations in
which the pixel values are set are solved by the nethod of |east squares.
This.- is described bel ow by taki ng-am3éxanple in which 5 3x3 pixels in

.close proximty with the designated pixel are processed. Wen the

hori zontal index and the vertical index for the designated pixel are

DA Sl (e AN BLNY o 3,0hy, PGSBS e
o 15 Ittt beghy o LGRS el chblpadiz il
u = B+l.a A0t il BradtOtil iMcbr r&3pBnditigORe €hd) pSteldlint fHlane #n
are used in equations (33) through (41). Since nine
-5 eqUations'(33} through (41) are éstablished for the two
variables u and n, they can be solved by the method of least
squares. |
When calculating the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 57,
10  the following equations ({(42) through (50) can hold true.

The pixel value of the pixel whose mixture ratio o is to be

" calculated is MﬁS.

Mul = Bulsn+u (42)
Mu2 = Bu2en+tu | : | (43)
15 Mu3 = Bu3en+tu - (44)
VMu4 = Eu4¢n+u (45)
Mu5 = BuSentu ‘V .:'V (46)
Mu6 = BuGen+u - | (47)
Mu7 = Bu7en+u ' : - (48)
20 Mu8 = BuSentu | (49)
Mu9 = BuYen+u | S (50)

When calculating the mixture ratio o of the pixel
contained in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of the pixels of the background

25 area in frame #n+l corresponding to the pixels of frame #n .



M. +1 = Bo +1' n+0s+ (+1) t+u MH +1 B+1, +1. n+ (+1) s+ (+1) t+u 20 N ne

equations (59) through (67) are through (67) (59) ( &g&&20é§2) (63)
(64) (65) (66) (67) obtained for the four vari abl g@bac s, t, and n, and

‘are, solved by the nethod of |east squares, thereby deternlnlng t he four
variables u, s, t, and n. In this case, the mxture-ratio a of the

desi gnat ed pi xel corresponds to n in equation (23). .25 Accordingly, anong
the four determ ned variables, n is 16 Decenber 2005 - 136 - output as the
mxture ratio a. A descrlptlon has been given with reference to equations
(59) through (67), by assumng that ¥hk pixel value of the pixel contained
in the mxed area-is M and the 5 pixel value of the pixel contained in the
background area is B. In this case, it is necessary-to set nornmal

equatEOQEe used in equations (42) through (50). Since nine
equations {42) through (50) are established for the two
variables u and n, they éan be solved by the method of least
squares.
5 A specific process for calculating the mixture ratio a.
by applying the method of least squares is described below.
For the sake of simplicity, in:equatiOn'(23), n is
indicated by w0, and u is indicated 5y-w1. Similarly, in
equation (23}, the value B relating to n is indicated by a0,
;0 and the value 1 relating to u is indicated by al;
Also, a combination of the horizontal index i and the
vertical ‘index j in equations (24) through (32) is indicated
by a single index k.
When the index i and the index j are indicated by a
15 single index k, the relationship among the index 1, the
index j, and the index k is expréssed by equation (51).
k = (i+l)e3+(j+1) | ' (51)
in consideration of thé erfor ek, equations (24)
through (32) can be modified into equation (52).

. 1 .
Mk =Y, ah-wh+ € | o ' (52)
20 =0 . e

~ In equation (52), k is any one of the integers from 0 to 8.

Equation (53) can be found from equation (52).

er=Mrk - hZah-wh | - (53)
=0 o



for each of the cases where the designated pixel is contained-in the

cover ed-background area, or the designated pixel is al ned s t he

uncover ed background area 10 For exanple, when the nii?g%e ré??ga% of the

pi xel contained in the covered background area in frame #n shown in Fig..

51 is determ ned,- C04 t hrough -C08 of thenpixels in frame #n and the pixe

val ues P04 through P08 of the pixels in frane #n-1 are set in the nornal

equations. For determining the mxture ratio a of the pixel contained. in

t he uncovered background. area in frame #n shown. in Fig. 52, the pixels

C28 through C32 of.frame #n and the pP%er val ues N28 through N32 of the

pi xels in frane #n+l are set in-the nornmal equations. 20 Wien t he nodel

corresponding to the covered background area is used, it is set that M= C

and B = P insefuat theSmethO) bhr obght (6dharetsd £ON&PHESBIiedWeERet he nodel

correspondi ng-to the uncovered background area is used, it 1is set that M=
- C and' B sgudnen sequat iodnShied @ riohr dughlef@ipd 25 folbbesspeasifically, for '

example, for calculating the 16 Decenber 2005 -- 13 7 5 10 mixture ratio.a.

of the mExmgessedt bynedivartiohe (6dver ed background area shown in Fig..57,

t he follomﬁn% equations (68) through (76) are established. The pixel val ue

of the pjxel ogse mxture ratio a
€ EZ“Q,C - (54)
k=0 N
5 In order to minimize the error, the partial

differential value of the variable Wv with respect to the
square sum E of the error should be 0. v is an integer
either 0 or 1. Thus, wv is determined so that equation (55)

is satisfied.

io0
JdE d ae
_———‘==2'§:€%' k
awv x=40 awv ‘
8 ,
=2-> e -av=0 . (55)
x=40 . )
By substituting equation (53) into equation (55),
equation (56) is obtained.
8 L ‘ 8 ,
lav-X,an -wh)=,av-Mk (56)
k=0 h=0 k=0 s
15 From the two equations obtained by substituting one of

fhe integeré 0 and 1 into v in equation (56), wh.(h=0,1)ris :
‘determined.:.
As discussed abéve, the determined result w0, i.e., n,
is set in the mixture ratio « corresponding to the
20 ~'designated pixel.

. In this manner, the mixture-ratio calculator 104 is




“is to be calculated is M5. M| = Bcln+ (-1) +s+ (-1) t+u(68) M2 =
Bc2n+0+s+(-1)t+u(69) M3- = Bc3-n+ (+1) +s+ (-1) t+u(§gé Ntﬁ §@€n+ (-1)
+s+0+t +u(71) M5 = Bcb5n+0+s+0t +u(72) M6 = Bc6bn+(+1) + f .

Bc7n+(-1)+s+(+1)t+u(74) M8 = Bc8n+0+s+(+1)t+u(75) M9 =
BcOn+(+1) +s+(+1)t +u(76) Wien cal culating the mxture ratio a of the pi xel

15 contained in the covered background area'in frame #n, the pixel values

Bcl through Bc9 of the pixels in the background area in frane #n--1

corresponding to the pixels in frar _are used in equations (68) through

(76). Since nine equations (68) thr h (76) are established for the.four

20 variables, they can be solved by the nethod of |east squares. when

‘calculating the mxture ratio a of the pixel contained in the uncovered

backgr ogintle ateadshewnine #he. mErturd heafod | @wrhigh equat 1aonisr«147) t hr ough

(85) can hold true.. The pixel value of the pixel whose mxture ratio ais

to be 26impleutaledlasidus. byl Gadeoeirhert2D05che I8Bktumilratio o of

Buln+(-|%s+( 1)t+u(77) Mu2 = Bu2n+0s+(-1)t+u(78)

e pixels in close proximity with each other approximates
to be uniform and that the sum of the foreground components
5 of the pixels in close proxiﬁity with each other
-approximates to be uniform.

When the foreground object is moving fast in the
shutter time, it can be assumed that the mixture ratio o of
the pixels spatially located in close proximity with each

10 other is uniform, and that the sum of the foreground
7 components of the pixels spatially located in close
proximity with each other linearly'changes due to the
" spatial correlation of the foregrouﬁd objectl Based on
- these assumptions, equations in which the mixture ratio o
15 and the Sum f of the foreground components are approximated
can be established.
As shown in Fig. 58, the data that can be utilized for
. caléﬁlating the mixture ratio a of the pixels belonging to
the covered background area ihcludes the pixel values MO1
20 through MOS, which contain the pixel value of the designated
pixel of the designated frame #n, and the pixel values POl
through P05 of frame #n-1.
The mixture ratio o approximates to be uniform

regardless of the spatial position, and is thus :epresented

25 by the mixture ratio o.



Mi3 = Bu3n+ (+1) s+ (-1) t+u(79) Mu4 = Budn+ (-1) +s+0t+u(80) M5 =
Bu5*n+0s+0t +u(81) Miu6 = Bubn+(+1)*s+Qx +u(82) M7 = z $ § ‘&x (-+21)
t+u(83) Mu8 = Bu8n+0s+(+l)t+u(84) Mug = Bu9n+ (+1) s+-€ ¥ +u? 10 Wen
calculating the.m xture ratio a of the pixel contained in the uncovered
background area in frame #n, the pixel values But through Bug of the

pi xel s of the background area in franme #n+l corresponding to the pixels of
frame #n are used in equations (77) through (85). Since nine 15 equations
(77) through (85) are established for the four variables, they can be

sol ved by the nethod of |east squares3A specific process for cal cul ating
the mixture ratio a by applying the nethod of |east squares is described
bel ow. For the sake of sinplicity, the four variables, n,s, t, 20 and u

are indi cat eghbyswR, ot 4he PRreGPSud@, céxﬁ@&e@ﬁweié' ailbeevaiwes B, i, |,

and 1 relating to the four variables, n, s, t, and u are i ndi cat ed by ao,
al, a2, aaedrddng €espret spatyal. pAls&@;Loﬁ,caﬂbl nattrhsotephesbregont al
index i and the 25 vertical index j in equations (59) through (67) is

i ndi cat &¢. £06 Dheengkrr £2605 - 13 9 - by a single index k.
The mixture ratio o in whichra approximates to be
5 uniform is expressed by equatioﬁ (57).
o =p ‘ {57)
f01 through £05 approximating to be lihear is expressed
by equation (58). ” | |
fx = jstkt+u (58)
10  In eguation (58), x is one of 01 through 05.
| With this arrangement, for example, by applying the
pixel values of 5x5 pixels spatially located in close
proximity with each other to the equations containing the
four variables, i.e., p, s, t, and u, 25 equations can be
15 obtained for the four variables. The obtained equations are
:solved by the method of least squares, thereby‘determining
the four variables.
For example,‘it is now assumed that thejmixture ratio
of the 5x5 pixels spatially located in close proximity wifh
20 ~ each other'is uniform, aﬁd‘that the sﬁm of the‘foréground
components of the pixels spatially'locafed in close -
proximity with each other'iineariy changes. Then, the pixei
values spatially locatéd in close proximity‘with each other
are set in the equatioﬁs by applying four variables, that is,

25 - one variable indicating the mixture ratio and three



Wien the index i and the index j are i ndi cat ed by a single I ndex k, the
rel ati onshi p anong the Index i, the. index j, and the 6 $%bﬁa§xpressed

by equation (86)- k (T+l)3+(j+l) (86) In con5|derat on o

equations (59) through (67) can be nodified into equation (87). 3
Mk=>ah-wh+ek h=0 (87) In equation (87), k is any one of the integers from
0 10 to 8. Equation (88) can be found from equation (87). 3 ek =

ah .

sum E of the error
(89).

E= >ek (89) k=0 In order to mi3%im ze the error, the partia

differential value of the variable W with respect to the square
the error should be 0. v is any one of the 20 integers fromO to 4. Thus,.

W ois detefapned ﬁmﬁ@éuﬁgua&é U PBnt St | Gt d&dRacenher 2005

10

15

20

25

the equations in which the pixel values are set are solved
by the method of least squares.

This is described below by taking an example in which.
323lpixels'in close proximity with the designated pixel are
processed.

When the horizOnﬁal index and the vertical index for
the designated pixel are indicated by i1 and j (the 7
designated pixel is 0), nine equations are established for

3x3 pixels as expressed by equations (59) through {67).

Mélfa = B_lfi-n+(—l)-s+(—l)-t+u (59)
My ;= Bok¢0n+0.s+(“1)ot+u ' (60)
M =:B+ln¢on+(—1)-s+(;l)-t+u , (Gi)
M_q ¢ = B_; gen+(-1)es+Ostiu (62)
Mg g = By oen+Oes+Qst+u — (63)
M+L0 = B+Loon+(fl)os+00t+u (64)
M_j, 41 = By yent(-1)est{+1)et+u " (65)
Mg 41 = By sentOes+ (+1)et+u . (66)
My1 41 = Byp gient (+1)es+(+1) ettu | (67)

Nine equatiohs (59) through (67) are obtained for thér
'foﬁr variables u, s, t, and_n, and are solved by the method
of least squares, thereby determining the four variébles u,
s, t, and'h. In this case, the mixture ratio o of the
deéignated pixel cdrresponds to n in equétion,(23).

Accordingly, among the four determined variables, n is

e error

M -- E

wh (88) h=0 Since the nmethod of |east squares is applied, the 'square
is defined as follows, as 15 expressed by equation

sum E of



-.140 dE 8 dek -, 2.ek . dw k=0 dw s =2)ek av=o0 k=0 (90) By

substituting equation (88) into equation (90), equati ' h§s Obt ai ned.
838 Z(av Yah wh) =av Mk k=0 h=o k=0 (91) 5 F?@#?%ﬁ%&%gggsequations
obt ai ned by substituting one of the integers O through 4 into-v in
equation (91), wh (h=0, 1, 2, 3) is determ ned. As discussed above, the
determned result w0, i.e., n, is set inthe mxture ratio a correspondi ng
to the 10 designated pixel. In this nmanner, the mxture-ratio
calculator.104 is able-to determine the mixture ratio a with a relatively
sinple calculation and a relatlvely R3§h—precision, by assuning that the

m xture ratio a of the-pixels in close 15 proximty with each other
approximates to be uniformand that the sum of the foreground conponents

of the pPiwgh& idy 3OS AHPE Malti Mgt h each- ot her approxi mates to change
linearly. when the m xture ratio a of the pixels in close
A description has been given with reference to
equations (59) through (67), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the
5 pixel value of the pixél contained in the background area is
B. 1In this case, it is necessary to set normal equatiohs
for each of the cases where the designated pixel is
contained in the covered background area, or the de81gnated
pixel is.contained in the uncovered background area.

10 | For example, when the mixture ratio o of the pixel
contained in the covered background area in framé fin shown!
in Fig. 51 is deterﬁined, C04 through CO08 of tﬁe;pixels in
frame #n and the pixel values P04 through P08 of the pixels

~in frame #n-1 are set in fhe normal eqguations.

715- For determining the mixture ratio a‘of the pixel
téontained.ih the uncovered background .area in frame #n shown
in Fig. 52,_the pixels €28 through €32 of frame #n.and'the
pixei values N28 ‘through N32 of the pixels in frame #n+l are
set in.the normal equations.

2d '~ When the model éorresponding to the covered background
area is used, it is set that M = C andnB = P in équations

" (59) through (67). In contrast, when the model
corresponding. to the uncovered background area is used, it
is sét that M =lC-and‘B = N in equatiohé (59) through (67).

25 . More specifically, for example, for calculating the



proximty with each other approximates to be uniform and 20 when the sum
of the foreground conponents of the pixels in close p§pxidhter2003 h each

ot her approxi mates to change linearly, with a gradation of the foreground
object, the -- 141 mxture-ratio calculator 104 is able to determ ne the
m xture ratio a with higher precision conpared to when the mxture ratio.a
of the pixels in close proximty wth each other is uniformand when the
sum of the foreground 5 conponents is uniform Fig. 59-is a block di agram
iltustrating the configuration. of the estimated-m xture-ratio processor
401.. An image input into the est i Tt ®0-Ti xture-ratio processor 401 is
supplied to a delay circuit 421 and an adder 422. 10 The delay circuit 421
del ays the input inmage for one frane, and supplies the inmage to the adder
422. Wehxtuaserathoi @ sfipphéediasltbentapuédi mgerd ccdheradider 422, the
delay circuit 421 supplies frame #n-1 to the adder 422. The adder 422 sets. .
t he pi xbhckgkoendfatbe phoeh L5 BUjackEhi tlvetiiel ppwilg fejuathicts t he m xture
ratio a is calculated, and the pixel value of franme #n-1 in the nornal
equat i o68Fothesagh| €76} heradderadPishhed s tPiee gpicedl viad ues ofvidihet hr ough M9
and the pixel values Bcl through Bc9 in the normal equations based on
equat i oR$XeB3yhese ougktyng ) raboo reshecks Viee yca el aferibrixt 2 Suppl i es t he
normal equations in which the pixel values are set to a cal cul ator 423.

The Zcal ¥at aT oFC 4B Gekleist hdd *thd esti mated mi xt uf&8)

Mc2 = Bglent+(Q+s+(-1)et+u : (69)
Mc3 = Bq3bn+(¥l)+s+(;1)-t+u. - (70)
Mc4 = Bb4on+(—1)+s+0-t+u | : (71)
MCS = Bc50n+0+s+00t+ﬁ ' - ({72)
10 Mc6é = Bebent+ (+1) +s+0et+u ’ . {73)
Mc7 = Bc7on+(—i)+s+(+l)ot+u : {(74)
Mc8'=ch8-n+O+s+(+l)ft+u _ : (75)
- Mc9Y9 = BcYen+ (+1) +s+ (+1)ettu : (76)

When calculating the mixture ratio d of the pixel
15 contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels iﬁ the backgréund
area in frame #n-~1 corresponding to the pixelé in frame #n
‘are used in equations (68)_th£ou§h (76) . Since nine
equaﬁions (68) through (76) are established for the. four
20 variables, they can be solved by tﬁe.method of least squéres.
When calculating the mixture'ratio arof the pixel
_ éontained in the uncovered background area shown in Fig. 57,
the'followiﬁg equations (77) through (85} can hold true;
‘Theupixel value of the pixel whose mixture ratio a is to be

25 calculated is MﬁS.




rati o by solving the normal equations supplied fromthe adder 422, and
outputs the determned estimated m xture 25 ratio. 1 SHRE 05 142
In this nmanner, the estinmated-m xture-ratio processorﬁ% gls azwgpto
calculate the estimated m xture rati o based on the input inmage, and
supplies it to the mxture-ratio determning portion 403. 5 The
estimated-m xture-rati o processor 402 is configured simlar to'the
estimated-m xture-rati o processor 401, and an explanation thereof is thus
omtted. Fig. 60 is a block diagramillustrating another configuration of
the mixture-ratio cal culator 104 Thé38ame 10 portions as those shown in
Fig. 49 are indicated by |like reference nunerals, and an expl anati on
thereof is thus omtted- A selector. 441 supplies a pixel belonging to the
cover ed Mpackgrmiind +areaeangd-1 hecgor respondi ng pi xef{7in, the 15 previous
frame to an estimated-m xture-rati o processor 401 based on the area

i nf or matMwo =s WpElshede$+ QALY &terar ea speci fying uni {7403. The sel ector 441
supplies a pixel belonging to the uncovered background area and 't he
correspdhdi g Budierel(+ilneshé-Sudrsiaguent franme-to an{®sti mated 20 _

m xture-ratio processor 402 based on the area information supplied from

t he ar edMwpecBiniieny (uh) #s1@8 . +Based on the area i nf&mati on supplied from

t he area _ ,
5 Mu5 = BuSen+Qes+0et+u (81}
Mub = Buben+ (+1)es+0ettu {(82)
Mu?7 = Bu7-n+(—l)-s+(+1)-t;u (83}
Mu8 = BuBen+Qes+ (+1) et+u (84)
Mu9 = BuQen+ (+1)es+ (+1) et+u (85)
10 . When calculating the mixture ratioc o of the pixel

contained in the uncovered background area in frame #n, the
pixel values Bul throﬁgh Bu9 of the pixels of the background
area in frame #n+l corresponding to the pixels of frame #n
are used in equations (77) through (85). Since nine
15 equations (77) through (85) are established for the four
variables, they can be solved by the method‘of 1east squares.
A specific process for calculating the mixture ratio «
by abplying the method of.least squares is described below.
For tﬁe sake of simplicity, the four wvariables, n,.s, t,
20 and u are indicated by-wO, wl, w2, and w3, respectively.‘
The vaiues B, i, j, and 1 relating to the four variables, n,
s, t, and u are indicated by éO, al, a2, and a3,
respectively.
" Also, a combiﬁation of the horizontal index 1 and the

25  wvertical index j in equations (59) through (67) is indicated



specifying unit 103, the selector 442 sets the mxture ratio a to O when

t he desi gnated pi xel belongs to -the foreground 25 ar Tale § the

m xture ratio a to 1 when the designated - 143 pixelﬁgglong§§?g§%he
background area. Wien the designated pixel belongs to the covered
background area, the selector 442 selects the estimted m xture ratio
supplied fromthe estimted-m xture-ratio processor 401 and sets it as the
5 mxture ratio a. Wien the designated pixel belongs to the uncovered
background area, the selector 442 se]ects the estinmated mxture ratio
supplied fromthe estimat ed-m xt ure-+34t7 o processor 402 and sets it as the
m xture ratio a. The selector 442 then outputs the mxture ratio a which
has 10 been sel ected and set based on the area information. As discussed
above, bheanskhgle-iaflén kal cul ator 104 configured as shown in Fig. 60 is
able to-calculate the mxture ratio a for each pixel contained in the

i mge, and Wharputiss tihelexalic et etharibitdere  atrie'iand ikm tHde bgakcul at i on
processing for the mxture ratio a perforned by the mxture-ratio

cal cul asdnglesindeki hurtlde ase bholwnsnigi guon® The dimderssied e ow Wit h
reference to the flowhart of Fig. 61. In step S401, the m xture-ratio

cal cul at®fes ol obRdi He atedes nf ke tRre SR P deduari athel 880 -ar ea
spe%%fying unit 103. I n step S402, the estimted- m xture-ratio processor
401 %execut e thelifild®eddilfd for estimating the nilRPlre ratio by using a

nodel corresponding to a covered_ background area, and supglies t he
est i mat ed n conslideration of the error ek; equations (59)

through (67) can be modified into'equation (87).

3
Mk =h2 ah«wh + e, (87)
=g )

In equation (87), k is any one of the integers from 0
10 to 8.

Equatioh {(88) can be found from equation {87}.
3 '
€=Mk ~ > ah -wh | - (88)
. h=0 :

Since the method of least squares is applied, the
square sum E of the error is defined as follows, as

15 expressed by equation (89).

E= el o | 39

k=0

- In order to minimize the erfor, the partial
differential value of thervariéble Wv with respect to the
square sum £ of the errér should be 0. v is any one of the

20 intégers from 0 to 4. Thus, wv is determined so that

equation (90) is satisfied.



m xture ratio to the mxture-ratio determ ning portion 403. 25 Detai‘ls of
the processing for estimating the mxture ratio' DF&]@% - 14 4
are di scussed below with reference to the flowchart o] I'g. 62. In step .
S403, the estimated-mixture-ratio. processor 402 executes the processing
for estimating the m xture ratio by 5 using a.nodel corresponding to an
uncover ed background area, and supplies the estinmated m xture ratio to the
m xture- ratio determining portion 403. In step S404, the mixture-ratio
calculator 104 determ nes whether the m xture ratios have been estimated
10 for the whole frame. If it is détégﬂiﬁed that the m xture ratios have
not yet been estimated for the whole frame, the process returns to step
-5402, and e processi ngé r estimating the mxture ratio for the
subsequ x:el242 eéug@d 15 1If it is determned in step S404 that the
m xture ¢M¥i os héve beedM¥timated for the whol e frame, the process
proceeds to step S405. In step S405, the mixture-ratio deternining portion
403 sets the mt Zie ehat@y Laped on the area informati(®@)supplied fromthe
area specifying uat EOB 20 and indicating to which of the foreground area,
the background area, the covered background area, or the uncovered

backgr ound aPé’aSPﬁétbFR’éFHgo?quﬁT-é%nth 8 i 3t eequattian al9® to be

cal cul at ed hel ong(gl)The m xture-ratio

equation is obtained
Z Zah - Wh) = Zav-Mk (91)
5 From the four equations obtained by substituting one of

the integers 0 through 4 into v in equation (91), wh (h=0, 1, 
2, 3) is determined.

As discussed above, tﬁe determined result wO, i.e., n,

is set in the mixture ratio o corresponding to the
10 designated pixel.

In this manner, the mixture-ratio calculator 104 is
able to determine the mixture ratio a with a relatively
simple calculation and a relatively high precision, by
aséuming'that the mixture ratio a of the pixels in close

15 proximity with each other approximates to be uniform and-
that the sum of the foreground components of the pixels.in
. close proximity with each_otherAapproximétes to change
linearly. When the mixfure ratio a of the pixels in close
proximity with each other approximates to be uniform,'and
20 ﬁheh the sum of the foreground components of the-pixels in
close proximity with each other approximates to change

linearly, with a Qradation of the foreground object, the



.determining portion 403 sets the mxture ratio a to 0 when.- 25 the.

correspondi ng pi xel belongs to the foreground area, arfg Yecaflb sber 2005

- 145 sets the mxture ratio a to 1 when the correspon(ri)l ng pi xel bel ongs

to the background area. Wien the corresponding pixel belongs to the

covered background area, the m xture- ratio determ ning portion 403 sets

the estinmated mxture 5 ratio supplied fromthe estimated-m xture-ratio

processor 401 as the mxture ratio a. Wien the correspondi ng pi xel

bel ongs to the uncovered backgr ounguféleal the m xture-ratio determning

portion 403 sets the estimted m xt ratio supplied fromthe -

estimated-m xture-ratio processor 402 as 10 the m xture ratio a. The

processing is then conpletéed. As discussed above, the m xture-ratio

cal cul amértu@d4-ratio abd ket batat cll4at ks tdiel e ¢ udeteabime athahi ch i ndi cates

a feature quantity corresponding to each pixel, based on the area

i nf or mRLstusepphied drehth heighen specisiyomgcompardd3to Whemnche he i nput

i mage The processing for calculating the mxture ratio a perforned by the

m xt ur emﬂéglléecﬁ%%mdto@f 104 cote fair bl eboshawnoximity. wsthisachnilar to

that discussed with reference to the flowhart of.Fig. 61, and an

“expl anaPFBATt herwwtomn aud tHen ofhe tegn o ddserfptedrPird now gi ven., with

ref?)rence.to the flowhart of-Fig. 62, of the. mxture-ratio estimting
e

pr ocessFRATPRTTHR L3144 et ¥d® mi xture-ratio. processor 401
Fig. 59 is a block diagram illustrating the

configuration of the estimated-mixture-ratio procéssor 401.
An image input into the estimated-mixture-ratio processof
401 is supplied to a delay circuit 421 and an adder 422.
i0 The delay circuit 421 delays the input image for one
frame, and supplies the image to the adder 422; When frame
#n is supplied as the input image .to the a&der 422, the
delay circuit 421 éupplies frame #n-1 to the adder 422.
The adder 422 sets. the pixel value of the pixel
15 adjacent to the pixel for which the mixture ratio a'is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 422 sets the pixel values
Mcl through Mc9 and the pixel values Bcl through Bc9 in the
normal equatiéns based on equations (33} through (41),
20 reépectively. The adder-422 supplies fhe normal equationS'
in which the pixel values aré set to a calculator 423.
The calculator 423 determines the estimated mixture
' ratio.by solving the normél‘equations supplied from the
adder 422, and outputs the determined estimated'mixturer

25 ratio.



havi ng the configuration shown in Fig. 59 by using a nodel .. of the
covered background area. 16 Decenber 2005 146 In step ﬁﬁ%&nh&@ﬁ09dder 422
sets the pixel value contained in the input inmage .and t pi xel val ue
contained in the imge supplied fromthe delay circuit 421 in a nornma
equation corresponding to a nodel of the covered background 5 area. In
step S422, the estimated-m xture-rati o processor 401 determ nes whet her
the setting of the target pixels is finished. If it is determined that the
setting of the target pixels is not finished, the process returns to step
10 5421, and the processing for settildg the pixel values in the normal
equation is repeated. If it is determned in step S422 that the setting for
the target pixels is finished, the process proceeds to step 5423. In step

5423, a cal Clﬁrﬁt&rls"rﬂ%n@@rcuLt@keésﬁﬂﬁa%édeﬁikgﬁkgdrH\:iBUﬁ@oé@éé@r based on
the normal equations in which the pixels values are set, and outputs the

. cal culategl 18 xdblie t@tdO.citAStH IS e 1aRAR, niike est lrm%&@dbabéaur e-ratio
processor 401 having the configuration shown in Fig. 59 is 20 able to

cal cul aten tites eistpumtiethgs xtaie siainla dsaged ton thkemikkpee-raage. The
m xture-ratio estimating processing by using a nodel corresponding to the
uncover etk tyaukigrioun dcarteiapn s103.

5 The estimated-mixture-ratio processar 402 is configured
similar to the estimated-mixture-ratio processor 401, and an
explanation thereof is thus omitted. |

Fig. 60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104. The same

10 portions as those shown in Fig. 49 are indicated by like
reference numerals, and an explanation thereof is thusr
omitted.-

2 selector 441 supplies a pixel belonging to the
-covered background area and the correséonding pixel in the
15 . previous frame to an estimated-mixture-ratio processor 401
~based on the area information supplied- from fhe area
specifying unit 103. The selector 441 supplies a plxel
belonglng to the uncovered background area and the
corresponding pixel in the subsequent frame to an estimated-

20 mixture-ratio processor 402 based on the area iﬁformation
supplied from the area specifying unit 103.

Based on the area information supplied from the area
specifying unit 103, .the selector 442 sets the mixture ratio
o to 0 when the deéignated pixel belongs to -the foreground

25 area, and sets the mixture ratio o to 1 when the designated



simlar to the processing indicated by the flowhart of Fig. 25 62 by using
the normal equations corresponding to a nodel of 16 Degpabern<2966s - 147

t he uncovered background area, and an explanation thereof 1's thus omtted.
The enbodi nent has been described, assum ng that the object correspondi ng
to the background is stationary. 5 However, the above-described

m xture-rati o cal cul ati on processing can be applied even if the inmage
corresponding to the background area contains notion. For exanple, if the
i mage corresponding to the background area is uniformy noving, the
estimated-m xture-ratio processor 40043hifts the 10 overall image in
accordance with this notion, and perfornms processing in a manner simlar
to the case in which the object corresponding to the background is

stationgiyell be1bhgsi #BILLEOhAERGPOThATaERAT heyhas ke O Wikl oo &Nt ai NS
|l ocally different notions, the estimted-m xture-ratio 15 processor 401

sel ect sptikelpbiebigsotHesRONEHNErEQ. bhBRgroBhE 088 AS e i X&kSor bel ongi ng
to the m xed area, and executes the above-described processing. As
descri bad2abetectshehsai ¥t timatadivigehedl ah0fo 19 pBiedbiwor otigal cul ate the
m xture ratio a, which is a feature 20 quantity corresponding to each
pi xel , patédaoadthéxtnpetratimgerandssbe 4dbaandfostatitoresuppdied to the
area specifying unit 101. By utilizing the mxture ratio a, it is possible
to 2 mixture ratio a. When the designated pixel belongs to the
- uncovered background area, the selector 442 selects the
estimated mixture iatio supplied from the éstimatéd—mixture—
ratic processor 402 and sefs.it as the mixture ratio «.
The selector 442 then outputs the mixture ratio o which has
10 been se;ected and set based on the area information.
As.diséuSsed above, the mixture-ratio calculator 104
.configured as shown in Fig. 60 is able to calculate the
mixture ratio a for éach pixei contained in the image, and
outputs the calculated ﬁixture ratiO'a;
15 | The calculation processingrfor the mixture ratio
performed by the mixture-ratio calculator 104 coﬁfigured as
shewn in Fig. 49 is discussed below with reference to the
flowéﬁarﬁ of Fig. 61. In step 5401, the mixture-ratio
calculator 104 obtains area information supplied from the
20 area specifyihg unit 103. 1In step 5402, the estimated- |
mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding
to a covered backgfound area, and supplies the estimated

mixture ratioc to the mixture-ratio determining portion 403.

25 Details of the processing for estimating the mixture ratio™



separate the foreground conponents and the background 25 conponents
contained in the-pixel values while maintaining - 14814 Pecdniffcpr0md | on of
notion blur contained in the i mage corresponding to the novi ng obj ect. By
conbi ning the i nages based on the mxture ratio a, it is also possible to
icreate an i mage. which contains 5 correct notion blur that coincides with
t he speed of a noving object and which.faithfully reflects the real world.
Fig. 63 is a block diagramillustrating another configuration of the
m xture-ratio cal culator 104. An gs;inaged-nixture;ratio processor 501
cal cul ates an 10 estimated nixture ratfo for each pi xel by cal culating a
nodel of a covered background area based on the input imge and the notion
vector and-the positional information thereof supplied fromthe notion
det ect orrRO2Zisgvd ssdppkiley whéh cefevkatedtesthanfrawohaturefriigo to a
m xture-ratio 15 determning portion 503. An estimated-m xture-ratio
process®2-502 calcul ates an estimted mixture ratio for each pixel by
calculating a nodel of an uncovered background area based on the notion
vector and thB pbSPtT&hAl e orviaindred Hersoirsuplied¥aasAsa0 40e notion
detector 102 and_.the input i mage, and, supplies the calcul ated estimated
nixtureeﬁ&FWGEFotpﬁePﬁP??ﬁPéggagPB eﬁE%@?Eﬁﬂ?nﬁh%dm%¥%mr%09?tmhéﬂﬁixture

o s R HoBR 883 BpBRSORG RS et oo e LT Wik bl POREd ) O ©

: _ and supplies the estimated mixture ratio to the mixture—
ratio detéermining portion 403. |
In step 5404, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated

10 for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returﬁs to step 5402, and the p:ocessing for
estimating the mixture ratioc for the:subsequent pixel is
executed.

15 'If.it.is determined in step 5404 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step S405. In step 8405, the mixture-ratio
detefmiﬁing portion 403 sets the mixture ratio.based on fhe
area information supplied from the-area specifying unit 103

20 and indicating to which of the foreground area, the

background area, the covered background area, er the
uncovered background area the pixei for which the mixture
ratiora is to be calculated belongs. fhe mixture-ratio
determining portion 403 sets the mixture ratio o te 0 when

25 the,cor;esponding‘pixel belongs to the foreground area, ahd.



25 corresponding to the foreground is noving with constant - 149 --
velocity. By utilizing this characteristic, an equati {Dkéemdth2ods t he
m xture ratio a and the sumf of the foreground conponents are

-approximated in the spatial direction can hold true. Also, an equation in

which a set of the pixel 5 value of a pixel belonging to the m xed area and
t he pixel value of a pixel belonging to the background area is
established in accordance with the anobunt of novenent v of the foreground.
In the mxture-ratio cal culator 104 ihaving the configuration shown in Fig.
63, by utilizing a plurality 10 of sets of the-pixel values of the pixels
belonging to the m xed area and the pixel values of the pixels bel onging
to the background area in accordance with the novenent of the _foreground,
t he equa®tdnthe mishiwre tratin ¢ re ¥ athien £hengonesromdimdoPiERd f or egr ound
conponents are approximated are 15 solved. Wien a change in'the m xture
rati o aPREORPHrivkithi Kpdorarnd gt e Hige CACKESPETF4f 0 a can be
expressed by e uation,(921%f;e a=1il+p (92) .20 In equation,(92), i indicates
the  spRi¥Sl RHABOTHh tif SRS bPAT Ao alsrar e MASEFE set Lo 0, . 1
desi gnat es, R?e radient of the s ight lLine of .th 1 xture ratio a, and
b desl GTALER FHEHTIUT AR T hel Gf 19 gn(0 R AFTRE “rthre ratio a and
al sg i ”ﬁ&&f‘é gé@&%er& e 1 A Qe SPnli1%1988, 9R3%eE BiX gk ! N equation
(92), the Thdex 1 s
401 as the mixture ratio o. 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-ratio processor 402 as
10 the mixture ratio a. The processing is then completed.
As discussed above, the mixture-ratio calculator 104 is
able to calculate the mixture ratio o, :which indicates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 103,
15 and the input image. |
The processing for calculating the mixture ratio «
performed by'the mixture-ratio calculator 104 configured as
shown in Fig. 60 is similar to that discussed with reference
to the flowchart of Fig. 61, and an explanation thereof is
20 thus omitted.
A description is now given, with reference to the
flowchart of Fig. 62, of the mixture-ratio estimating
processing by the estimated—mixture4ratiojprocessor 401

having the configuration shown in Fig. 5% by using a model

25 . of the covered baékground area.



16 Decenber 2005 - 150 known, and the gradient 1 and the intercept p are
unknown. The relationship anong the index i, the gragépaterdberangs t he
intercept pis shown in Fig. 64. By approximating the mxture ratio a as.
equation (92), 5 a plurality of different m xture ratios a for a plurality
of pixels can be expressed by two variables. In the exanple shown in Fig.
64, the five mxture ratios for five-pixels are expressed by the two
variables, i.e., the gradient 1 and the intercept p. In Fig. 64, the while
dot indicates the 10 designated pixel, and the black dots indicate the

pi xel s located in close proxinity Wl the designated pixel. \Wen the
mxture ratio a is approximated in the plane shown in Fig. 65, equation
(92) is expanded into the plane by considering the novenent v

correspondi ng o Gtdpe staaa , 1% hediaaeti ang, sets. thehpikeni zantal direction and
the vertical direction of the imge, and the m xture ratio a can be

expr essechibya gt i tHOI)npee Anjagek gl (D JdikdAquatliven co898hinkd i s the

index in the horizontal' direction 20 and k is the index in the vertical

di recti on vithen inkeaye pogirliiond dfrarhehdesiedzat ed mpivded 424 Gn hnnegmali on )

' (93), m designates the horizontal gradient of the mxture ratio a in the
- pl ane, a&ftraFionicatresadieliver ticcal rgpdadi erft tdfe tdesenedxbacegrattnd a in the

pl ane. In equation (93), p indicates 25 the, intercept of. the mxture

rati 8 c@@t%h the plane. In Fig. -

In step 5422, the estimated-mixture-ratio processor 401
determines whethér the setting of the target pixels is
finished. If it is determined that the setting df the
target pixels is not finished, the process returns to step

10 8421, and the processing for setting the pixel values in the
normal equation is repeated.

If it is determined in step S422 that the setting for
the target pixels is finished, the process proceeds to step
5423. Inrstep 5423, a calculator 423 calculates the

15  estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated
mixture ratio.

.As‘discussed above, the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 59 is

20 able to calculate the estimated mixture ratio based on tﬁe
input image.

The mixture—ratio estimating processing by using a
model corresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.

25 62 by using the normal equations corresponding to a model of
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65, the white dot indicates the designated pixel. For exanple,

in

frame #n shown in Fig. 51,. equations (94) through (?gﬁﬁfan hg@g true for
| ceambEEos

Q05 thr
o7 =

i.e., t
repl aci

replaced by equation (93), equation
(98). f (x)

s+kt +u

ough C07, respectively. 5 CO5 = a05eB05/v+f 05

[ v+f 06

a07B07/v+f 07 (94)  (95) (96) Assum ng that the foreground conponents
positioned in close proximty with each other are equal to each other, 10

hat FO1 through FO3 are equal, equation (97) holds true by

ng FO1 through FO3 by fc. f (x) (1-a(x) )Fc (97) In equation
(97),.x indicates the position in thj(‘%3 patlal direction. 15 Wen a(x) is
7)

(98) 20 In equation (98), (-nFc) , (-gFc) , and (1-p) Fc are

_ ( can be expressed by equation
_ (I-- (jmtkgtp)) Fc j --WFC) +k. (-qFc) + ( (1-p) Fc)

=]

replaceﬂheagneapeeséeuabygequ@d|@msa(EEDdtancngpidnaxmo thegedt iiwel v,

10

"thus omitted.
The embodiment has been described, assuming that the

object corresponding to the background is stationary.

However, the above-described mixture-ratio calculation

processing can be applied even if the image dorresponding to
the background area contains motion. For example; if the
image corresponding to the background aréa is uniformly
moving, the estiméted—mixture—ratio processor 401 shifts the
overall image in accofdance with this motion, and performs
processing in a manner similar to the case in Which the |

object corresponding to the background,is stationary. If

the ‘image corresponding to the background area contains

20

locally different motions, the estimated—mixture—ratio
processor 401 selects the.pixels correspond;ng to. the
motions as the pixels belonging to the mixed area, and
executes the above-described processing.

As described abofe,‘the mixture-ratio calculator 102 is
lee to calculate thé ﬁi#tﬁre ratio o, which is a feature

quantity'corresponding-to_each.pixel, based on the input

image and the area information supplied to the area

specifying unit 101.

25

- By utilizing the mixture ratic a, it is possible to
separate the foreground components and the background

components contained in the pixel values while maintaining



s-=-mFc (99) t =-qFc. (100) 25 u = (1-p)Fc (101) 16 Decenber 2005 -
152 In equation (98), j is the index in the horizont g DdkéRedri200s and k is
the index in the vertical direction when the position of the designated

pi xel is O_ As discussed above, since it can be assuned that the 5 object
corresponding to the foreground is noving with constant velocity within
the shutter period, and that the foreground conponents positioned in close
proximty with each other are uniform the sum of the foreground '
corponents can be approxi mated by eauation (98). 10 When the m xture
ratio-cc is approxi mated by a strai"ght!8 Iine, the sum of the foreground
conponents can be expressed by equation (102). f (x) = is+u (102) By
replacing the mxture ratio a and the sumof the 15 foreground conponents

in equattion {P)robit sl R e@Haldron ur Fntanted98h, thie iphyel val ue M can
be expressed by equation (103)'. M (j mtkg+p) B+j s+kt+u
] B+rmtk BazdBtyeigsoriditiyy (£h03Ihe2 bhdvil e wdijieat .(103) ., unknown vari abl es are six
factors, such as the horizontal gradient mof the mxture ratio a in the
pl ane, .t he v@&yt combigiadi eht dmafethbamedt anethatmbxautreé ratio «o,
| it is also possible to create an image which contains
5 1cqrrect motion blur that coincides with the speed of a
moving object and which faithfully reflects the real world.
Fig. 63 is a block diégram illustrating another
configuration of the mixture-ratio calculator .104. An
estimated-mixture-ratio processor 501 calculates an
10 estimated mixture ratio for each pixel by calculating a
model of a covered background area based on the input image
and tﬁe motion vector and the positional information thereof
supplied from the mbtion detector 102, and supplies the |
. calculated estimated mixture ratio to a mixture—fatio
15 determining portion 503.
An estimated-mixture-ratio processor 502 calculates an
-estimatgd mixture ratio for each pixel'by‘calculating.a
'modei of an uncovered baékgfound area based on the motion
vector and the positional information thereof supplied from
20 the motion detector 102 and the input image, and supplies
| Vthe calculated estiﬁated mixture ratio té the mixture—ratio
determining portion 503. |
The mixture ratio o linearly changes in accordance with

a change in the position of the pixels because the object

25 corresponding to the foreground is moving with constant




t he plane, and the intercepts of the mxture ratio a in the plane, p, s

t, and u. 25 It is now assuned for aplurality of franmgggdahn@ned$é Decenber
2005 - 153 object corresponding to the foreground is noving with constant
velocity, and that the foreground conponents are uniform Then, the
approximation in one frame shown in Fig. 65 can be expanded into t he
_approxinmation over a plurality 5 of frames.' In Fig_ 66, A indicates planes
of the mxture ratio and the foreground conponents, in Fig. 66, the block
dots designate pixels to belong to the m xed area. It is assuned in Fig. 66
that the gradients -of the planes inl4%he individual frames are the sane,
and the pixel 10 value can be expressed by equation (103) by the

approxi mation of the m xture ratio and the foreground conponents.

Accor di pghycieguat d?”ufﬂ-ﬂf’%lﬁ'@nﬂbfs e f4 &k 14 05 ¢ SOMALd AL i) nvhen t he
index in the tine rection is T = | BTmrkBT+q+BTp+] s+kt+u (104)

The pi x@hi¥Rl tke Bndgdutderapidek ¥ad UﬁlﬁM@(ﬁI@ 564t i the efbhaddAurdl04) in
accordance with the amount of novenent of the object, which is the

desi gnatedpphaets @nsl Afier @k kel sed CLioSend Gspdiei slesd grederbpiosl i n each
frame, and then, a 20 -plurality of equations'in which the pixel value Mand
the pikeld wmhele Bibse, st eneaisibdveth byhidte areddioch DftHeegsitkelsquar es, '
thereby.calculating the m xture ratio a.

5 wvalue of a pixel belong@ng to the mixed area and the pixel
‘value of a pixel belonging to the background area is
establishedlin accordance with the amount of movement v of
the foreground. In the mixture-ratio calculator 104 haviné
the configuration shown in Fig. 63; by utilizing a plurality

10 of sets of the-piiel values of the pixels belonging to the
mixed area and the pixel values of the pixels belonging to
the background area in accordance with the movement of the
foreground, the equations in which the mixture ratio o and
thé sum f of the foreground components are approximated are

15 - solved.

When a change in the mixture ratio o is*épbroximated as
a straight line, the mixture ratio a can be expressed by_
equaﬁion (92) .

o= iltp | (92)

20 In équation (92); i indicates the spatial index when the
position'of the designated pixel 'is set to 0, 1 desigﬁates
the gradlent of the stralght line of the mixture ratlo a,
and p designates the 1ntercept of the straight line of the'

mixture ratio o and also indicates the mixture ratio o of

25 the designated pixel. 1In equation (92), the index i is -



It is now assuned, for exanple, that the horizontal index j of the
desi gnated pixel is.set to O, the vertical 25.index kigihedenshetl@®0gnat ed
pi xel is.set to 0, and the index T 16 Decenber 2005 - 154 in the tinme
direction is set to 0. In this case,.when the pixel value Mor the pixel
value Bis set in the equation indicating the m xed pixel and expressed by
equation (104) for 3x3 pixels located in the proximty with the designated
5 pixel, equations (105) through (113) are obtained M,-1,-1 = (--1)
'Bo,-1,-1m+ (-1) Bo,-1,-1.4+Bo,--1,-1" P+ (-1) .s+ (-1) +t+u (105) My, a -1
(0) Bo,o,-1m+ (-1) Bo,o0,-1.g+Bo o, =11p® ¢0) s+ (-1) t+u (106) 10 Mo +1,-1
= (+l) '"Bo +1 -1*m+ (-1) Bo,+1,-1'gq+Ba, +1,-1'P+ (+1) s+ (-1) t+u (107)
M, -1,0 = (-1) "Bo -1 o' m(0).Bo,-1,0" g+Bo,-1,0.p+(-1) s+ (0) t+u (108) M
0,0 = (®ndBe,0 00 ¢B:-BeradesatB, @nQOI@heohat@Qhe§;tup-é]'ée(aﬂﬁﬁodm, +1,0 (+1) |
"Bo +1 O0.m+ (0O) Bo,+1, 0.q Bo, +1, op+ (+1) s+ (0) t+u (110) Ma,-1,+ (111) -
(-1) Bo, -1, +th¥ teldtBonshiplamEog-dhelifdet-1) e (gddidmtl 1, and |

the intercept-p is shown in Fig. 64.
By approximafing the mixture ratio o as equation t92);
5 a pluraliﬁy of different mixture ratios a for a plurality of
pixels can be'expressed by two variables. 1In the example
shown in Fig. 64, the.five mixture ratiés for five pixels
are expressed. by the two variables, i.e., the gradient 1 and
the intercept p. . In Fig. 64, the while dot indicates the
10 designated pixel, and the black dots indicate the pixels
located in close proximity with the designated pigel.

When the mixture ratio o is approximated in the plane
shown in Fig. 65, equation (92) is expanded into the plane
by considering the movement v corresponding to the tﬁo

15 :directiohs, i.e.; the horizontal direction and the vertical
direcﬁion of the image, and the mixture ratio o can be
expressed.by equation (93).
‘a = jm+kq+p‘ | . {93)
In equation (93), j is the index in the horizontal direction
20 and k is the index in the vertical direction when the
position‘of the designated pixel is 0. 1In equation (93); m
designates the horizontal gradient of the mixture ratio a-in
the pléne, and g indicates fhe vertical gradient of the
mixture ratio « in'the plane. In equatibn (93) , p indicates

25  the intercept of the mixture ratio a in the plane. In Fig.



20 Mb.o.+1 = (0)BO, 0+1mr(+1). BO. 0. +1. q+B0lo, +1p+(0).s+(+1).t+u (112) (+1)

Bo, +1, +1m+ (+1). Bo, +1, +1' g+Bo, +1, +1' p+ (+1) s+ (+1) t tgDetehitr 26051Ce t he
hori zontal -index j of the designated pixel is 25 0, and the vertical index
k of the designated pixel is 0, 16 Decenber 2005 -- 15 5 - "the m xture
ratio a of the designated pixel is equal to the value whenj is O and k is
O in equation (93), i.e., the mxture ratio-a is equal to the intercept p
in. equation (93). Accordingly, based on 27 equations (9x3), i.e., 5
equations (105) through (113) consid $Lng when T is -1, 0, and 1, the
hori zontal gradient m the vertical ﬁ dient q, and the intercepts p, s,
t, and u are calculated by the nethod of |east squares, and the intercept
pis output as the mxture ratio a. 10 A specific process for calculating
t he mi x6arethet wbidebgloapphyiingtehethet Hedighatedspizquares is as fol |l ows.
When. the index T, the index i, and the index k are expressed by a single
i ndex x, thefeelexanmpbhi planbrpe n shhdex iFy Rie i Tdexedquatiwns ndex k, and
the index x can be 15 expressed by equation (114 . x = (T+1) 3(j +1) 3+(k+1)
(114) 14°R% RBHFPBYBUARE) t har hakdhbriieofenl CYY athepugm CORe vertical -
gradient g, and the intercepts p, s, t, and u are expressed by vari abl es
w , rﬁgpeg‘élv . :

WO, G4Y - and w5,
5 CO0S = o05eB05/v+£05 (94)
C06 = alo6eB06/v+f06 _ (95)
CO07 = a07eBO7/v+E07 (96)

Assuming that the foreground components'positioned,in -
‘ close proximity with each’other are equal to each othe:;
10 i.e., that F01 through F03 are equal, equation (97) holds
true by replacing F01 through FO03 by fc.
£(x). = (1-0i(x))eFe - C(97)
In equation (97), x indicates the position in the spatial
direction. . |
15 When a(x) is replaced by equation (93), equation (97)

can be expressed by equation (98).

C£(x) = (1-(jm+kg+p))eFc
= Jje(-meFc) +ks (~qgeFc) + ( (1-p) oFc)
= js+kt+u‘ _ _ - {(98)
20_ - In equation (98), (fmch), (—q-Fc), and (l-p)eFc are

replaced, as expressed by equations (99) through (101),

reépectively.
s = —meFc _ . : {99)
t = —qeFc | | (100)
25 Su = {1ﬂp)ti. - ' (1o01)



20 respectively, and jB, kB, B, j, k.and 1 are expressed by a al, a2, a3,

a4, and
(105) t
(115)

I nt eger
ex = M

a5, respectively. In consideration of the erfgpsesmb&®d6si Ons

hrough (113) can be nodified into equation (115). 5 Y ay w + ex.
Y=0 16 Decenber 2005 - 156 1In equation (115), x is any one of the

s fromO to 27. Equation (116) can be found fromequation (115). s
- | ay y-0 (116) Since the nethod of |east squares is applied,

t he

5 square sum E of the error is defined as follows, as expressed by equation

(117).
of the

10

(117) In order to mnimze th_ ror, the partial differential

val ue

variable W with respect to the“10 square sum E of the error shoul d
be 0. v is any one of the -integers fromO to 5. Thus, wy is determned so
that equation (118) is satisfied. aE 8 aex =2.lex aw X=0 aw

In equation (98), j is the index in the horizontal
direction and k is the index in thervertical direction when
the position of the designated pixel is 0.

As discussed aboVé, since it can‘be assumed that the
object corresponding to the foreground is moving with
‘constant velocity within the shutter period, and that the
foreground compoﬁents positioned in close proximity with
-each oﬁher are ﬁniform, the sum of the foreground compoﬁents
can be approximated by equation (98).

When the mixture ratio'a is approximated by a straight

- line, the sum of the foreground components can be expressed

15

20

25

by equation (102).

£(x) = is+u : (102)

By replacing the mixture ratio o and the sum of the
foreground compenents in equation (92} by using equations
{93) and (98), the pixel value M can be expressed by
equation {103). |

M {jm+kg+p) eB+js+kt+u

jBesmt+kBeg+Bep+jestket+u g (103)

In eqqation‘(lOB), unknown variables are six factors}-
such as the horizontal gradient m of the mixture ratio e« in
the plane, the verfical gradient g of the mixture fatio a in
the plané, and the intercepts of the mi#ture ratio o in the
plane, p, s, t, and u.

. It is now assumed for a plurality of frames that an



a Yex av = 0 X=0 (118) By substituting equation (116) into equation E
(118), 15 equation (119) is obtained. 8 5 a Z(av - J§¥Decif¥ber 208y Mk X=0
y=n X=a (119) For exanple, the sweep-out nethod (Gauss-Jordan elinm nation)
is applied to the normal equations consisting of six equations obtained by
substituting one of the 20 integers fromO to 5 into v in equation (119),
“thereby - 157 obtaining w. As stated above, wOis the horizonta

gradient m w is the vertical gradient q, w2 is the intercept p, W3 is s,
- wA'is t, and w5 is u. As discussed_ apgye,. by applying the nmet hod of |east 5
squares to the equations in which the pixel value Mand the pixel value B
are set, the horizontal gradient m the vertical gradient q, and the

i ntercepts s, t, and u can be-determ ned. The intercept p is the

m xt ure ’P&FBE SOWREAPPREERESLP thD® AAgeRrgpedoisi mavingpeithtercept p is

| ocat ed_at %he cent er osition, Thus, the intercept P is output. A

descri pFPBAtARE BELACHF en?fif't A7 Bf ERenEgreground components are.

uniform. Then, the approximation in one frame shown in Fig.
65 can be expanded into the épproximation over a plurality
5 of frames. In Fig. 66, A indicates planes of the mixture
ratio and.the foreground components. In Fig. 66, the block -
ldots designate pixelsrto belong to the mixed area.
Tt is assumed in Fig. 66 that the gradients of the
planes'in the individual frames are the same, and the pixel
10 wvalue can be expressed by equation (103) by the
approximation‘of the mixture ratio and the foreground
components. |
Accordingly, equation (103) can be modified into
equation (104) when the index in the time direétioﬁ;is T.
i5 - Mp = jBgyemtkBgt+gi+Boep+]jestket+u (104)
The.pikel value B and the pixel wvalue M are set in
eqﬁation (104) in accordance with the amount of movement of
' the:dbjegt, which is the designaﬁed pixel, and the pixelé
close to the designated pixel in each frame, and then, a
20 plurality of.equations'in which the pixel value M and the
pixel value B are set are solved by the method of least
'_squares, thereby caltulatiné the mixture ratio a.
It is now assumed, for example, that the horizontal
index j of the designated pixel is.Seﬁ to 0, the vertical

25 . index k of the designated pixel is .set to 0, and the index T



equations (105) through (113), by assumi ng that the pixel value of the _
pi xel contained in the mxed area is M and the 15 piXglpiahyg @bst he pi xel
contained in the background area is B. In this case, It I's necessary to.
set normal equations for each of the cases where the designated pixel is
contained in the covered background area, or the designated pixel is
contained in the uncovered background area. 20 For exanple, if the m xture
ratio a of the pixel contained in the covered background area in frame #n
shown in Fig. 51 is determned, CO4 _through CO8 of the pixels in frame #n
and the pixel values P04 through P0818ff the pixels in frame #n--1 are set
in the normal equations. 25 . If the mxture ratio a of the pixels
contained in the 16 Decenber 2005 -- 15 8 uncovered background area in ‘
frame #nimshown timeFiddrel?ibs idetsernitaed,. C28 thhigughsE32waknt Baepi xXels in
frame #n and the pixel values N28 through N32 of the pixels in frame #n+1
are set pixdlhealeend oequaki piselSVaneever isi betf 0h exanpheattiba m xture
ratio a of the pixel contained in the covered background area shown in Fig.
67 i s cdmglilcattdag tthe faokkdwpngeéquati erpres26)it hyoaghat1a8) die4set. The

pi xel value of the pixel for which the mxture ratio a is calculated is
M5, | n fogg 3>7piekdswhpcateddénsthadbrakémpixevsthothel dagignated
background, .and the black dots indicate pixels to belong to the m xed area.
MeT P(- PE¥8di-neapatyopel 1881 p¥hronpghs£1(3)) areuphpajned.

Mg,_1,-1 = (ml)OBoqu_lﬂn+(—1)-B0r1f4yq+80rlr&0p+(—l)os+(d1)0£+u
(105) | | |
Mg g,-1 = (O)QBOJL_lqn+(41)-30'0;4-q+ﬁo'0f4op+(0).s+(;1)-t+u
(106) |
10 My 41 o5 = (+1)OBOqu_1qn+(—1)OBoqu_luq+Bm;lf4-p+(+l)-s+(—1)ot+u
{107) |
" My.10 = (_1).BO’_L0.m+(o)hBO'{ho.q+BO'_Lo.p+(—1).s+(o).£+u
(108) |
Mg,0,0 = (0)eBy g, oomt+ (0)®By o o*q+By o oD+ (0) es+ (0) ettu
15 {109)
- My 10 = (+l).B0ﬁi,0qn+‘0).BO,ELO.q+B0,£L0.p+(+15.S+(0).t+u
(110)
Mof@;+;== (—1)OBOFJW+1qn+(+1)-Boflfﬂfq+Bor¢fH}p+(;1)os+(+1)0t+u
(111) |
20 Mo,o,41 = (0)Bg g 4yom+ (+1)eBy o ,10q+Bg g, 410p+ (0) e+ (+1) st+u
(112)
Mg, 41,41 = (+l)0B0A4’+1ﬂn+(+1)-Boﬁifﬂfq+80ﬁifﬂyp+(+1)os+(+1)ot+u
(113)
| Since the horizontal index j of the designated pixel is -

25 0, and the vertical index k of the designated pixel is 0,



MeT2(0) Bc2 m+ (---1) Bc2 g+Bc2p+ (0) s+ (--1) t+u(121)

MeT3(+l ) Be3m+(-1) Bc3g+Bc3p+(+1)s+(-1)"'t+u(122) 1 2005
15NETA( - 1) Bedmi( 0) Bedg+Bedp+( - 1) s+(0) t +u( 123) McTS(0) BOESTPEP MR 50 +Be5p+
(0) s+ (0) t+u(124) McT6{+1) Bc6bmt+ (0) Bc6q+Bc6p+ (+1) s+ (0) t+u(125) MT7
=(-1) Bc7m+(+.1) Bc7q+Bc7p+(-1) s+ (+l) t+u(126) '

McT8( 0) Bc8mt+( +l ) Bc8g+Bc8p+(0) s+(+1)t+u(127) 20McT9 =(+1)BcOm+ (+l)
Bc9g+Bc9p+(+1) s+ (+1) t+u(128) For calculating the mxture ratio a of the
pi xel contained in the covered backgrqund area in frane #n, the pixe

val ues Bcl through Bc9 of the pixels of the background area in frame #n-1
in equations (120) through (128), 25 respectively, corresponding to the
pixels in frame #n are - 15 9 - used when T is 0. Wen, for exanple, the

m xt ur ethathbxtund raeipixett dontdestandved nelxmboleregudhckgridund area
shown in Fig. 67 1is calculated, the follow ng equations (129) through
(137) sabuegfherrhe 5 Xbland| el of0 the gavatignr (i chi tthe rib& ure ratio a
is calculated is Mu5. MuT1 =(-1)Bul m+(--1)Bul g+Bul p+(-1)s+ ¢I)t+ug129) MJT2
= (0) BUBHH#EULS BB phE 0FUeL 119 +HP23ON CROFSPE( P1}NBEIHRELZR (93) . -

(0) Budt+Bu SHEOEAREBt +ROEES RS, SCOPRISHR OPES qisip+(0)ss

(0) bR IATE ol oPA, (B e Ll o0, LIR30 T
and 1, the horizontal gradient m, the vertical gradienﬁ q,
and the inter¢ep£s p, s, t, and u are calculated by the
method of least squéres, and the intercept p is output as
the mixture ratio a.

10 A specific process for calculating the mixture ratio o

bylapplying the méthod of least sguares is as follows.

When the index T,'the index'i, and the index k are
expressed by a single index x, the relationship aﬁong the
index T, the index i, the index k, and the index x can be

15 expressed by equation (114éf

X = (T+1)e3e(j+1)e3+ (k+1) © {114)

It is now assumed that the hofizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u afe
expressed by variables w0, wl, w2, w3, w4, and w5,

20 respectively, and jB, kB, B, j, k and 1 are expressed by a0,
-al, a2, a3, a4, and'as; respectively. In consideration of |
the error'ex, equations_(iOS) through (ll3)lcan be modified

into equation {115).

: 5 ) -
CMx = E:ay'-wy + ex {115)

y=0



'MJUT8 =(0) BuSm#( +I ) BuSg+Bu8p+(0) s+(+) t+u(136) 15wﬁfé':(+|) Bu9m+ (+1)

Bu9qg+Bu9p+ (+1) s+ (+1) t+u(137) For cal cul ating the qkfkgéﬁ é@iﬁﬁ a of the
pi xel contained in the. uncovered background area in frane %n, the pixel
val ues But through Bu9 of the pixels of the background. area in frane #n+1
in equations (129) through (137), 20 respectively, corresponding to the
pixels in franme #n are wused when T is 0. Fig. 68 is a block diagram
illustrating the configuration of the estimted-m xture-ratio processor
501 for calculating the estimated m xture-ratio by using the 25 anount of
movenent v based on a nodel correspoAféifng to the 16 December 2005 - 160
covered background area. A frame nenory 521 stores a plurality of frames of
an input inage and supplies the. stored franes to a m xture- ratio
cal cul atmt &gAtilhe {reve, ey Yarh2 lorid QS €Sshd Of ntBe QXENPE €om SO X d ranes, in
units of franmes, and supplies the stored six frames to the m xture-ratio _
cal cul ator 5RZuatibha MLiEYr eahabeofeah@ukabar e§42t 8601 €515 Normal  equation
for calculating the mxture ratio a and the sumf of the foreground
conponents.in advghrce. The m xture-ratio cal culator 522 sets in the norna
equat i orf%H Ditker vald¥e ¥ onging to the nixed area and A&’ corresponding
pi xel val ue bel on§i'ng to the background area contained in the franes
supplied fromthe franme nmenory 521.
Since the method of least squares is applied, the
5 square sum E of the error is defined as follows, as

- expressed by equation (117).
8 i -
E= ) ex | (117)
x=0 ' . ’

In order to minimize the error, the partial
differential value of the variable Wv with respect to the’
10 square sum E of the error should be 0. v is any one of the
integers from 0 to 5. Thus, wy is determined so that

equation (118) is satisfied.

R 8 dex
— = 9. uliteind
oWv xz_ﬁex oWy _
{118)

By substituting egquation (116) into equation {118),

15 equation (119) is obtained.
8 5 8 7
Z(av . Zay - Wy) =z av - Mx {119)
x=0 y=0 x=0

For example, the sweep—out method {Gauss—Jordan
elimination) is applied to the normal equations consisting
of six equations obtained by substituting one of the

20 integers from 0 to 5 into v in equation (119), thereby



. The m xture-ratio cal culator 522 solves the normal equation 15 in which the
pi xel val ue-belonging to the m xed area and the corr efpdpRsiniterpoo®! val ue
bel ongi ng-to the background area are set according to a matrix solution
nmethod so as to obtain the estimated m xture ratio, and outputs the

cal culated estimated m xture ratio. 20 Fig. 69 is a block diagram
illustrating the configuration of the m xture-ratio cal cul ator 522. A

nor mal - equat i on adder 541 stores a. normal equation for calculating the
estimated m xture ratio in advance The_nornal - equati on adder 541 sets in
the normal 25 equation a corresponﬂi%ﬁ7value bel onging to the m xed area -
161 and the correspondi ng val ue bel onging to the background area
contained in an imge of Mfranmes supplied fromthe frame nenory 521. The
nor mal - efiatindngadder B4lssapplii @sotBe wnoigathequetiosmtan whi ch the pi xel
val ue belonging to the 5 m xed area and the correspondi ng pi xel val ue

bel ongi ggatident he, batkis otined eerbiaat gesdient qprw@dl teqtiad i on cal cul at or
542. The nornal -equation cal cul ator 542 solves the normal equation in

whi ch t hetprgebtval ues &3 essewd sisppti eandirem tsenlO0 nornal - equati on adder
541 by applying, for exanple, a sweep- out nethod (Gauss-Jordan

el i m nat i on)AscliEcussashtadiava.hdy eqmhmitng thexmatdodatifo learsd out puts t he

calculated m xture .ratio. As discussed above, the
est idrat BgUATSS Ube- Fhg j@uuations in which the pixel value M and the

pixel value B are set, the horizontal gradient m, the
vertical gradient g, and the intércebts P, s, t, and u can
be determined. | |

The intercept p is the mixture ratio o when indexes i

10 and k are 0, i.e., the intercept p is located at the center
pesition. Thus; the intercept P is output.

‘A description has been given with'refereﬁce to
equations (105) through (113), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the

15 pixel value of the pixel contained in the background area is
B. 1In this case, it is necessary to set norﬁél equations
for each of the cases where the“designated pixel is
coptéined in the covered background,area,‘br the designated

'pixel is contained in the uncovered background area.

20 _' For example, if the mixture ratio a of the pixel‘
contained in the covered background area ih frame #n shown
in Fig. 51 is determined, co4 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations. |

25 - If the mixture ratio a of the pixels contained in the



15 processor 501 calculates the estimated m xture ratio by using the anount
of noverment v based on a nodel corresponding to the gPpessashepagdsor ound
area. The estinmated-m xture-rati o processor 502 has a configuration simlar
to the estimated-mxture-ratio 20 processor 501, and an expl anation thereof
is thus omtted. The m xture-ratio determ ning portion 503 sets the

m xture rati o based on the area information supplied from the area

speci fying unit 101 and indicating to which of the foreground area, the
background area, the covered backgtoggg 25 area, or the uncovered
background area the pixel for which. Decenber 2005 - 162 the mxture
ratio is to be cal cul ated belongs. The m xture- ratio determ ning portion
503 sets the mixture ratio to 0O when the correspondi ng pi xel belongs to
t'he for egrauret et &mckgamairsketagreichd nmifxtunee #fnakhowhoih Rhgn Hheis
correspondi ng pixel 5 belongs to the background area. \Wen the

cor r espsirtiarpingidceC2Afetdmypsigho CBRe ofovbrepibat kginufdameetin &heé ni xt ure-
rati o determ ning portion 503, sets the mixture ratio to the estimted

m xt ur e Tt iR xQlppyleilegst Me® theocash HgLeadfnikeupexedsi dnpfoeessimtB501_ Waen
t he corresponding pi xel belongs 10 to the uncovered background-- area, the
. mi xt ur e &4 iS¢ Hddfehien PRETSIr EAYATIE3Ssets the mixture ratio to the

esti pat ed niéture ratiQ sugglied fromthe estimated-nm xture- ratio
processor 502°TSHESHY xtfir efPHL PEABRERY ntit ML HoHES FREBOR Rk gt t he

m xture r.ati.o. which has been set based. on
] pixel contagneg in %%e coverea gackground area shown in Fig.

67 is calculated, the following equations (120) through

(128) are set. The pixel value of the pixel-for which thé

mixture ratio a is calculated is Mc5. In Fig. 67, the white
10 rdots ipdicate pixels to belong to the background, and the

black dots indicate pixels to belong to the mixed area.

Mceol ='(fl)OBclqn+(—l)-Bé1-q+Bc1-p+(—1)-s+(—1)-t+u (120)

Mcgp2 = (0)eBc2em+ (~1) eBc2eg+Bc2ep+ (0) es+ {~1) et+u {121)
'McT3.= (+1) eBc3em+ (—1) eBc3eg+Bc3ep+ (+1) es+ (—1) et+u (122)

15 Mcq4 = (?l)OBc4-m+(O)-Bc4qq+Bc4-p+(—l)os+(0}-t+u {123)
Mcqa5 =_(O}ch5qm+(0)0B050q+805-p+(0)-s+{0)-t+ﬁr ‘ {124)

© Mcg6 = (+1)eBoGem+ (0) sBEeq+BCEept (+1) ss+ (0) sttu - - (125)
MCT71= (—1)eBc7em+ (+1) eBc7eqg+Bc7ep+ (-1} es+ (+1) et+u (1263

Mc,8 = (O)OBc8tm+(+1)-Bc8-q+Bc8-p+(O)-s+(+1);t+u . {127y

20 Mcqg9 = (+1)6B09;m+(+1)-BcQoq+Bc90p+(+1)-s+{+1)-t+u | (128)

For calculating the mixture ratio a-of the pixel
contained in the covered baCkground‘area in frame #n, the
piﬁel values Bel throﬁgh_Bc9 of the pixéls of the background
arearén frame #n-1 in equations (120) through (128),

‘25 respectively, corresponding to.the.pixels in frame #n are



15 the area information. The m xture-ratio cal cul ati on processing perforned
by the mixture-ratio calculator 102 configured shownjé Dekingher88051s

di scussed below.with reference to the flowhart of Fig. 70. In step S501,
.the m xture-ratio calculator 102 obtains 20 area information supplied from
t he area specifying unit 101. In step 5502, the estimated-m xture-ratio
processor 501 executes the processing for estimating the mxture ratio by
usi ng a nodel corresponding to a covered background area, and supplies the
estimated mixture ratio to the mxtyrg 25 ratio determ ning portion 503.
Details of the processing 16 Decenber 2005 - 163 - for estimating the

m xture ratio are discussed belowwith reference to the flowhart of Fig.
71. In step S503, the estimated-m xture-rati'o processor 502 executes the
processiagdfvrerstihating the mixture ratio by 5 using a nodel -
correspondi ng to an uncovered background area, and_su%plies ihe esti mat ed
m xture rati'Beto thee werwle r dheoNdstErRi ARAG pBr Pfoh 508 1XPh step S504,

the mxture-ratio calculator 102 .determ nes whether the m xture_ratios
have. beGHIERIETRCER CHD RAOTHE A R A3 (S deeEoned 7t hat t he.

i xture,rati t timated f whol e f th
XL ur o Lath P8, NS, 1ot rel, Pesi SIS, or 00 WSS A Ay he
m Xt5ur ea£"gt éé)tf OrTﬁgepiSfé)ls%l’!ﬁ{g 44 xt%le Ip%_xee_‘LX%q:t ~%ich the mixture

ratio o is calculated is Mub.

Mugl = (~1)eBulem+ (~1)eBuleq+Bulep+(~1)es+(-1)et+u  (129)
Mug2 = (O)-Bu2-m+(—1)oBu2-q+Bu2-p+(Q)-s+{—1)-t+u (130)
Mug3 = (+1)eBu3em+ (1) eBu3eq+Bulept (+1)es+ (~1) et+u (131)
10 Mugp4 = (—1)eBudem+t (0) eBudeg+Budep+ (—1)es+(0)et+u (132)
Mug5 = (0)eBuSem+ (0) sBuSeq+BuSep+ (0) es+ (0) et+u (133)
Mug6 = (+1)eBuGem+ (0) sBubeq+Bubep+ (+1)es+ (0)st+u (134)
Mugp7 = (—1)eBu7em+ (+1)eBu7eqgq+Bu7ep+ (—1}es+(+1)et+u {135)
Mu.8 = (0)-Bu8ﬂn+(+1)0Bu8-q+Bu86p+(O)-s+(+i)-£+u (136)
i5 Mu,9 = (+1)-Bu9om+(+l)-Bu9-q+Bu9!p+(+1)-s§(+1)-t+h (137)

For calculating the mixture ratioc « of the pixel
contained in the uncovered background_area in frame #n, the
pixel values Bul through Bu9 of the pixels of the backgréund,
area in frame #n+l in equations (129) through (137),

20 fespectively, corresponding to the pixelé in fréme'#n are .
used when T is 0. _

Fig. 68 is a block diagram illustrating the
coﬁfiguration of the estimated—mixtﬁre~fatiorprocessor 501

- for calculating the estimated mixture.rétio by using the

25 amount of movement v based on a model corresponding to the



15 If it is determined in step S504 that the m xture ratios have been
estimated for the whole frame, the process proceeds {@Dsthber2085 I N step
S505, the mxture-ratio determning portion 503 sets the mxture ratio
based on the area information supplied fromthe area specifying unit 101

+ 20 and indicating to which of the foreground area, the background area, the
covered background area, or the wuncovered background area the pixel for
which the mxture ratio is to be calcul ated bel ongs. The m xture--ratio
determ ning portion 503 sets the mxture ratio to 0 when the 25
correspondi ng pi xel belongs to the-fép€ground area, and sets 16 Decenber
2005 - 164 the mxture ratio to 1 when the correspondi ng pi xel belongs to
t he background area. Wen the correspondi ng pi xel belongs to the covered

backgr o, AeRA bk B gwkat i 0 deternining portion 503 sets the
estimated m xture ratio 5 supplied fromthe estimted-m xture-ratio

processor 504 @gambhRefb¥iUBL1T8tbPesVHEP1 LRSI COFIEBPONIANY J¥ X8l bel ongs
to the uncovered background area, the mxture-ratio determning portion

503 set sirigha asldgEnted Fuppbliesr &hie steppll edahbeMot B6mixture-
estimated-m xture-ratio processor 502 as the m xture 10 ratio. The
pr ocessimag iics dallemleaopl eked. AtedifsamssmdmaRove2it BeoneX] uferratio
calculator 102 is able to -calculate the mxture ratio a, which indicates a
f eat 9r e egraawtliet,y sdor ifespesdi ng toitachfpifxeheshased supphies artea
information supplied fromthe area specifying unit 101,

stored six frames to the mixture-ratio calculator 522.

The mixture—ratio.calculator 522 stores a normal

equation for calculating the mixture ratic o and the sum f

of the foreground components in advance.

10 The mixture-ratio calculator 522 sets in the normal
equation a pixel value belonging to the mixed area and the
corresponding-pixel value belonging to the background area
contained in the frames supplied from the frame memory 521.
The mixture-ratio calculator 522 solves the normal eguation

15 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 method so as to
‘obtain the estimated mixture ratio, and outputs the
calculated estimated mixture ratio.

20 . Fig. 69 is a block diagram illustrating the
configuration of the mixture-ratio calculator 522.

A normal-equation adder 541 stores a normal equation
for calculating the estimated mixture ratio in advance.

The normal-equation adder 541 sets in the normal

.25 equation a corresponding value belonging to the mixed area



15 and the input inmage. By utilizing the mxture ratio a, it is possible to
separate the foreground-conponents-and the background |g§RERABE MBS CONt ai ned
in the pixel values while maintaining the information of notion blur
.contained in the image 20 corresponding to the noving object. A descriptiaon
is-now given, with reference to the flowhart of.Fig. 71, of the

m xture-ratio estimating. processing by using a nodel of the covered
background area in step S502 of Fig. 70. 25 . In step S521, the

nor mal - equat i on adder 541 sets the - 165 pixel value contained in the
input image in a normal equation totdksponding to a nodel of the covered
background area. In step S522, the nornal-equation adder 541 determnes 5
whet her the setting of the target pixels is finished. If it is determ ned

that thangethéngopfeshendangebabhXebslbsgy td itHesRbidMaR Qeess returns
to step 5521, and the processing for setting the pixel values in the :

normal cefquaihed is depaai§s. of 10-ffamds | SuletRIqMesh ithst@pu®b22 that the
setting for the target pixels is finished, the process proceeds to step
$523. Imestep S5BP3, Tie morm®El-eqopied o adddc W4t udpiZecaleul ates the
estimated m xture rati o based on the normal equations in which the pixels
val ues neenakbteqantdi@utiputwhidh tlhe potaulwtloc mMedtamee nqattic.the
5 mixed area'and the corresponding pixel value belonging to
the background area are set to a normal-equation calculator
542.
The normal-equation calculator 542 solves the normal
equation in whiqh the pixel values afe set supplied ffom the
10 normal-equation adder 541 by applying, for example, a sweep-
out method (Géuss—Jordan elimination) so as to obtain the
estimated mixture ratic, and outputs the calculated mixture
.ratio. | |
As discussed above, the estimated-mixture-ratio®
15 processor 501 calculates the estimated mixture ratio by
| using the amount. of movement v based on a model
corresponding to the cqvered‘backgréund'area.
fhe estimated-mixture-ratio processor 502 has a
configuration similar to the estimated-mixture-ratio
20 proéessor 501, and an explanation thereof is'thus_omitted:
The mixture-ratio determining portion 503 sets the
mixture ratio based anthe area information supplied from -
- the'area specifying unit 101 and indicating to whichlof‘the
foreground area, the background area, the‘covered background

25 area,.or the uncovered background area the pixel for which -



As di scussed-above, the estimated-m xture-ratio .processor 501 is able to
calculate the estimated m xture ratio based on the i ppWecddiBig2005The
m xture-ratio estimting processing by using a 20 nodel corresponding to.
t he uncovered background area in step S503 of Fig. 70 is simlar to the
processing indicated by the flowhart of Fig. 71 by using the nornal
equations corresponding to a nodel of the uncovered background area, and
an explanation thereof is thus omtted. 25 The enbodi ment has been
descri bed, assuming that the - 16 6 g j ect corresponding.to the background
is stationary. However, the above dé8¢ribed nixture-ratio cal cul ation
processi ng can be applied even if the inmage corresponding to the
background area contains notion. For exanple, if the 5 inmage correspondi ng
‘to. the Hazkgrount: mteio iis wa foer dal cuteviedgpbetlbagast | Takedintxtare-ratio
processor 501 shifts the overall image in accordance with this notion, and
per f or nerapre ety min indg prariiem G038 satst ahehmicaseei manhibchot e obj ect
corresponding to the background is stationary. If 10 the inmage
cor r espdfitithg-he atrr asmegtioundizeda bedaraisngo tbealfbyedirbfindeateapt i ons, |
the estimted-m xture-ratio processor 501 sel ects the pixels correspondi ng
to the 9 ciREsadhamaisitugls msdliondiond wberh&hgi cegraspandind pexekut es t he
abOVE‘djf ri bed proces in%i 15 The m xture-ratio cal cul ator 104 may execute
the m e:;“r"é*-qsat 1% i%ﬁ iHGURdo2E88- ngWBRMathet RerpPRBPEASRT Y
' ‘pixel belongs to the covered background area, the mixture-
ratio determining portion 503 sets the mixture ratio to the
estimated mixture rafio supplied from the estimated-mixture—
ratio processor 501. When the corresponding pixel belongs
10 to the uncovered background area, the mixture-ratio
determining portion 503 sets the mixture ratio to the
- estimated mixture ratio supplied from the estimated-mixture-
ratio processor 502. The mixture-ratio determining portion
503 outputs the mixture ratio which has been set based on
15 the area information.
The mixture-ratio calculation processing performed by
the mixture-ratio calculator 102 configured shown in Fig. 63
is discussed below with reference to the flowchart of Fig.
70. 1In step S501, the mixture-ratio calculator 102 obtains
20 area information supplied from the aiea Specifying unit 101.
In step S502, the estimated¥mixtﬁre—ratio processor 501
executes the processing for estimating the mixture ratio by
using a model corresponding to a covered background area,

. and supplies the estimated mixture ratio to the mixture-

25 ratio détermining portion 503. Details of the processing



by using a-nodel corresponding to the covered background area, and outputs
the cal cul ated estinmated m xture ratio as the m xturgspatdnber2005 this
case, the mxture ratio a 20 indicates the ratio of the background -
.components for the pixels belonging to the covered background area, and" -
indicates the ratio of the foreground conponent's for the pixels belonging
to the uncovered background area. Concerning the pixels belonging to the
uncover ed background .25 area, the absolute value of the difference between
the - 167 calculated mxture ratio nd 1-is determned, and the

calcul ated absolute value is set as the Tixture ratio a. Then, the si gnal
processor 12 is able to determne the mxture ratio a indicating the ratio
of the background 5 conponents for the pixels belonging to the uncovered
“backgr ofind astématinygl Bhéymitheren xdtuie-ant | dlprocess dre b4 wirnh execut e

the m xture-ratio estimating processing on all the pixels only by using a
nodel coefespondi hg thet htowrzovered Fi®. batkground area, and outputs the
calculated estimated mxture.ratio as the mxture ratio a. The :

f or egr ound/ b kdfraqurith Gep it s TiOR tiesl diisdygsed aidicowroFegser25P8 a bl ock
diagramillustrating an exanple of the configuration of the

f or egr oBKBFBEER gEBRNATLepaf D rfas aIEinyhiang iRt MhdgE s diFdiiicedit o t he

f or eground/ background separator 105 is supplied tQ a _separating portion

601, a USW¥ch BO2S! R B IWPILHBIL Fh e 197 HArtdonslfiPed

and supplies the estimated mixture ratio to the mixture-
ratio determining portion 503. |
In step 8504, the mixture-ratio calculator 102

determines whether the mixture ratios have been.estimated

10 for the whole_frame. If it 'is determined that the mixture
ratios have not yet been eétimated for the whole frame, the
process'returns to step 5502, and the processing for
estimaﬁing the mixture ratio for the subsequent pixelris
executed. |

15 - If it is determined in step 5504 that the mixture
ratios have been estimated for the whole fraﬁe, the process
proceeds to step 5505. 1In stép 5505, the mixturé~ratio
'detefmining portioh 503 sets the mixture ratio based on the
aréa information supplied from the area specifying unit 101

20 and indicating to which of the fﬁreground area, the o

background area, the covered baékground area, or thé
uncovered background area the pixelrfor which the mixture
ratio is to be calculated belongs. The mixture-ratioc
determining portioh 503 sets the mixture ratio to 0 when the

25 corresponding pixel belongs to the foreground area, and sets



fromthe area specifying unit 103 and indicating the information of the

covered background area and the uncovered 20 backgrog@gmg&ﬁﬁﬂ9§0§uppl|ed

.to the separating portion 601. The area information indicating the

foreground area is supplied to the switch 602. The area information

I ndicating the background area supplied to the switch 604. The m xture
ratio a supplied fromthe mxture-ratio 25 calculator 104 is supplied to

t he separating portion 601. 16 Decenber 2005 - 168 - The separating portion
601 separates the foreground conponents fromthe input imge based on the
area information indicating the covébédd-background area, the area
information indicating the uncovered background area, and 5 the m xture
ratio a, and supplies the separated foreground  conponents to a synthesizer

603. TherzeRahatbileg RS ge @0& <Al $8.SepaLat angfﬂﬁgggsﬁgi Qﬂoﬁggpone“ts

fromthe input inmage, supp |es t'he separate groun onents to

a  synt hesiggr b@%gr%@lnﬁhgr@é‘ tcAnbl2the ebesedrWhaing pixel corresponding
to the foreground'is input. based on the area information indicating the

f or egr owed caiRa tcarfiesubPkired BALYgL-BanBI Xebs, €RErAsReNdingatpot he
foreground contained in the input image to t he synt hesi zer 603. 15 The

switch @@4ermicliogegowhednaspBxekteothespandinAgetionikberdaskgiound is lnput
based on the a rea information indicating the background area, and
supp? i esuppllyethérpinxehe estimated-mixture-ratio processor 501 as
the mixture ratio. When the corresponding pixél belongs to
rthe uncovered background area, the mixture-ratio determining
portion 503 se€ts the estimated mixture ratio supplied froﬁ
the estimated-mixture-ratio processof 502 as the mixture
10  ratio. The proce551ng is then completed |
| As discussed above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio o, which indicates é
feature quantity corresponding to each pixél,_based on the
érea information supplied from ﬁhe area specifying unit 101,
15 and the input image.-

By utilizing the mixture ratio a, it is possible to
separate the foreground -components - and the background
Compénents contained in the pixel values while maintaining
the information of motion blur contained in the image

20 cotresponding to the moving object.

A description is- now given, Withrreference to the
flowchart of Fig. 71, of the mixture—rafio eStimating‘
prdcessing by using a model of the covered background area
in step $502 of Fig. 70. |

25 - In step S$521, the normal-equation adder 541 sets the



corresponding to the background contained in the input imge to
the. synthesi zer 605. 20 The synthesizer 603 synthesizgspa. &?go@ynd
conponent i nage based on the foreground conponents supplie romthe

.separating portion 601 and the-pixels corresponding to the foreground

supplied fromthe switch .602, and outputs the synthesized foreground

.conponent imge. Since the 25 foreground area and the m xed area do not

overlap, the 16 Decenmber 2005 - 169 synthesizer 603 applies, for. exanple,
logical ORto the foreground conmponents and the foreground pixels, thereby
synt hesi zi ng the foreground conporient®3 mage. In the initializing processing
executed at the start of 5 the synthesizing processing for the foreground
conponent i nage, the synthesizer 603 stores an inmage whose pi xel val ues
are all pixeh vabuk | tohtainadei nerms yindlenimdde tite a SydvdESi zi ng processi ng
for the foreground conponent inmage, the synthesizer 603 stores the

f or egr oagdatboporentespageidd (overmsddesof heheprenratisi immgeydyuride
foreground conponent inage). Accordingly, O is stored in the pixels
correspdndéang to the background area in the foreground conponent inmage

out put fromthe synthesizer .603. The synthesizer 605 synthesizes a
background clohpFdentSs285 ithegerdyzsdd eomationbadkgroddd detrpomdnts suppl i ed
fromthe separating portion 601 and the pixels corresponding to the

backgr otiatieppire Fetriong fef sihie Bt Rinelautputisingshed. ~ If it

is determined that the setting of the target pixels is not
finished, the process returns to step 85521, and the
processing for sétting the pixel values in the normal
equatioﬁ is repeated. |

10 If it is determined in step 5522 that the setting for
the target pixels is finished, the process proceeds to step
5523. In step S$523, the normaimequafion calculator 542
calculates the estimated mixture ratio based on the normal
equations'in which the pixels values are set, and outputs

15 the calculated mixture ratio.

As discussed above, the estimafed—mixturé—ratio
processor 501 is able to calculate thé-éstimétéd'mixture
ratié based on the iﬁput image..

The mixture-ratio estimating processing by using a

20 model corresponding tolthe-unc0vered background area in step
5503 of Fig. 70 is similar to the processing indicated by
the flowchart of Fig. 71 by using the normal equations
COrresponding te a model of the'uncovered baékgrOund area,
and an explanation'thereof is thus omitted.

25 . The embodiment has been described, assuming that the



synt hesi zed background conponent inage. Since the background area and the
m xed area do not overlap, the 20 synthesizer 605 apphj gRcedittr 2660MP! €,

| ogical OR to the background conponents and the background pixels; thereby
synt hesi zi ng the background conponent inmage. In the initializing processing
executed at the start of the synthesizing processing for the background
conponent 25 image, the synthesizer 605 stores an i nage whose pixel 16
Decenber 2005 - 170 values are all 0 in a built-in frane nenory. Then, in
t he " synthesizing processing for the background. conmponent image, the

synt hesi zer 605 stores the backgroand®&omponent i mage (overwites the
previ ous i mage by the background conponent 5 inmmge). Accordingly, 0 is
stored in the pixels corresponding to the foreground area in the

backgr ouls e o rONENEPINTHEGR; Al pe baeltgiddemnsy Mishedaz8bn@@9. Fig. 73A
illustrates the input image input into the. foreground/ background

. separ at dlowli& rgndlchetoaree @leaitid bEG edpanentratiageadat 1kiechackgr ound

- conponent inage output fromthe foreground/ background separator 105. Fig.

73B i | | ustacsesingy mEde bec @ppdspondiven tid the impge icoagespopdingi abo the
_foreground/ background separator 105 and the foreground conponent image and
t he bacKdyeo g kanauamde mrebs domigé neumptit ofr. omFblre efxempdeound/ bhekgr ound
separator 105. Fig. 73Ais a schematic diagramillustrating the image . to
be dPsplidip&l® carresPendizg ite &heoberckesoandedreyp is uniformly -
moving, the eStimated—mixture—rétio‘processor7501 shifts the‘
overall'image in achfdance.with-this motion, and performs
processing inra manner similar to the case in which the |
object corresponding to the background is stationary. If
10  the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 501 selecﬁs the pixels corresponding to the
motions as the pixels belonging to the mixed area, and 7
.executes the above-described processing. |
15 The mixture-ratio calculator 104 may execute the
mixture-ratio estimating processing oh'all the pixels only
by using a model corresponding to the_covered background
afea; and outputs the Calculated éstimated mixture ratio as-
the mixture ratio «. In this case, the mixture ratio «
20 indicates the ratio of_the background components for the‘
pixels belonging to the cbvered backgrouﬁd area, and
indicates the ratio of the foreground components for thg
pixels beloﬁging to the uncovered backgroﬁnd'area.
Concerning the pixéls belonging to the ﬁncqvered background

25 area, the absolute value of the difference between the



expanding in the tinme direction the pixels dispdsed in one line including

the pixels belonging to the foreground area, 20 the piXPeSer¥dr@00sng to the
background area, and the pixels belonging to the m xed area correspondi.ng

to Fig. 73A. As shown in Figs_ 73A and 73B, the background conponent i nmage

out put fromthe foreground/ background separator 105 consists of the pixels
bel onging to the background area and 25 the. background conponents _
contained in the pixels of the 16 Decenber 2005 - 171 mixed area. As shown
in Figs. 73A and 73B, the foregrounqléfnponent i mge output fromthe

f or egr ound/ backgr ound separator 105 onsi sts of the pixel belonging to the
foreground area and .5 the foreground conponents contained in the pixels of
the mxed area. The pixel values of the pixels in the m xed area are

separ at edlirntateétembatckge ovatic onpandnt siandetdemigdgranddcheonponents by
t he foreground/ background separator 105. The 10 separated background :
conponefédchbahed habbabige oumbld 5i  ongonent theragexttwogettwriovia h the pixel s
bel onging to the background area. The separated foreground conponents form
t he for E@eBuntheorpomehtirToegrsengel her akhld thealgiiemiine Bdiongi ng to the
foreground area. As discussed above, in the foreground conponent inage,

t he pi XBEXVarees2bio thelpiied 5ingrihs poridiq e f oththdackground _

5 components for the pixels belonging to the uncovered
background area. | |

Similarly, the mixture-ratio procéssor 104 may execute
the mixture-ratio estimating processing on all the pixelé
only by using a model corresponding to the uncovered

.iO background area, and outputs the calculated estimated
mixture ratio as the mixture ratio a.

The foreground/background separator 105 is discussed
below. Fig. 72 is a block diagram illustrating an examplé
of the configuration of the foreground/background separator

15  105. The input image supplied to the foreground/background
separator 105 is supplied to a'éeparating portion 601, a
switch 602, and a switch 604; The area informatioh supplied
from.the area specifying unit 103-énd-indicating the o

.informétion of the covered background area and the uncovered

20 background area is éupplied to the separating portion 601;
The area information indicating the foreground area is
supplied to the switch 602. The area information indicating
the'background.érea supplied to the switch 604.

The mixture ratio « supplied from the mixture-ratio

25 calculator 104 is supplied to the separating portion 601.



background area are set to 0, and significant pixel values are set in the

pi xel s corresponding to the foreground area and the p§xRkbensa208$pondi ng
to the mxed area. Simlarly, 20 in the background conponent i mage, the

pi xel values of the pixels corresponding to the foreground area are set'to
0, and significant pixel values are set in the pixels corresponding to

t he background area and the pixels corresponding to the mxed area. 25 . A

~description is given bel ow of the processing executed 16 Decenber 2005 -

172 by the separating portion 601 for separating the foreground
conponents and the background conponéhBs- fromthe pixels belonging to the.
m xed area. Fig. 74 illustrates a nodel of an inmage indicating 5
foreground conponents and background conponents in two franmes including a
foreground obhecCkepB¥hBUng’ 88 LN6N! 661 tOphbheréd Obllei FoFbgrodda I N the
nodel of the imge shown In Fig. 74, the anmount of novenent v is 4, and
the nunigimpdhhents tfdah @hel daguROhinbgBSbhsed. ohOthe hkage #n, the |eftnost
pi xel and the fourteenth through eighteenth pixels fromthe |eft consi st
of only itrffe raadlogr dudd caetpgnenks candrbeal bagkbootiha haekgr enadaasga. | n
frame #n, the second through fourth pixels fromthe left contain the
backgr oundccmgicdrentisdarndtihg tbeegnoundr8 baahgnentd, aand, bahdng to the

~uncover ed background area. In frane #n, the eleventh through thirteenth

pi xebs fihemmikdure ratio «, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background compbnents from the input
image, and supplies the separated background components té a
synthesizer 605.

10 The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the-foregréund area, and supplies only the pixels
Corresponding to the foreground contained in the input image
to the synthesizer 603.

15 The switch 604 is closed when a pixel corresponding to

- the background is input based on the area information
indicating the background area, and supplies only_the pixels
corrésponding to the background contained in the inﬁut:image
to the synthesizer 605.

20 " The syntheéizer 603 synthesizes. a foreground componeﬁt
image based on the foreground components supplied from the

. separating portion 601 and the pixels corresponding tq the
foreground sﬁpplied from the switéh 602, and outputs the
synthesized foregrbund component image. Since the

25 foreground area and the mixed area do not overlap, the



| eft contain background conponents and foreground conponents, and bel ong
to the covered background area. In frame.#n, the fifjdpkinpeghodenth
pixels fromthe |l eft consist of onty the .20 foreground conponents, and:
belong to the foreground area. In franme #n+l, the first through fifth

pi xels fromthe left and the eighteenth pixel fromthe left consist of
-only the background conponents, and belong to the background area. frane
#n+l', the sixth through eighth pixels fromthe |left 25 contain background
conponent s and foreground conponeq;Q#; and 16 Decenber 2005 - 17 3 --

bel ong to the uncovered background Fa” I'n frame #n+l, the fifteenth

t hrough seventeenth pixels fromthe left contain background conponents and
foreground conponents, and belong .to the covered background area. In frame
#n+1, téenvhedive t6Dugbp ¥oes | et lexpindles, fragmndaie dReftto ddwesi st of only
the foreground conponents, and belong to the foreground area.” Fig. 75
i |1 ustrieeegrdingroasexsientd and dge didmmpadnd @riegrleund-teombonent s from
the pixels belonging to the covered background area. In Fig. 75, al

t hr oughs¥ighapi 33y e fasearerdtsewatenthdrasdivi dual pi xel s of frame |
#n. In Fig_ 75, the fifteenth through seventeenth pixels fromthe

| ef t - bel ong o thife 18dvdrdd Ak BroGRaSangacxTREtsrixal Fheustars of the
fifteenth pixel fromthe left in frame #n can be expressed by equation

(138): 4% M hasisy A RIFEGTBRE o:hez%gﬂ@f@ RPFESERRFFO7/ v

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 imagé,
 the Synthesizer 603 stores the foreground component image
10 {overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels
corresponding to thé background area ih the foreground
component image output from the synthesizer 603.
The synthesizer 605 sfnthesizes a background component
15 iﬁage based on the background components supplied from the
separating portion 601 and the pixels corresponding to the
background sﬁpplied from.the switch 604, and outputs the
syntﬁesized background component image. Since the . |
background area and the mixed area do nof overlap, the
20 synthesizer.GOS épplies, for example, logical OR to the
background components and the background pixels, thereby
synthesizing the background component image.
In the initialiéing processing executed at the start of .
the synthesizing processing for the backgrbund component

25 image, the Synthésizer 605 Stores‘aﬁ.image whose pixel



=.al 5PI 5+F09/ v+F08/ v+F07/v (138) where al5 indicates the m xture ratio. of
the fifteenth pixel fromthe left in frame #n, and Pibpdesiipates the

pi xel 20 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 (139) based on equation (138.). 25
f15 = F09/v+F08/v+F07/v = Cl15--al5. P15 (139) 16 Decenber 2005 - 174
Simlarly, the sumfl1l6 of the foreground conponents of the sixteenth pixel
fromthe left in frame #n can be exgressed by equation (140), and the sum
f17 of the foreground conponents of 1¥Re~seventeenth pixel fromthe left 5

in frame #n can' be expressed by equation (141). f16 = Cl6-al 6Pl 6 (140) f17

= Cl7-al 7P17 (141) In this manner, the foreground conponents fc contained
in the pixbBleyalte 31010 tie apibxeh thehorgiang Wembhe .covaesd iAOtrhackground

area can be expressed by equation (142): fc = Ga.P (142) where P
desi gnatsgnittees ipiixe pralaes sdhot e rc @hke perdird@ndpicsabohBnt hemageyi ous
frame. Fig. 76 illustrates the processing for separating the 15 foreground
conponentlse fsyormbtdre @ E0S eEborg hhet dathground component image
(overwrites the previous image by the background component
5 image) . Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.
Fig. 73A illustrates the ilnput image input into the.
foreground/background separator 105 and the foreground
10 component image and the background component image output
from the foreground/background separator 105. Fig. 73B
illustrates a model corresponding to the input image input
into the foreground/background separator 105 and the
foreground component image and the background component
15 image output from the foreground/background separator 105.
Fig. 73A is a schematic diagram illustrating the image
to be displayed, and Eig. 73B is a model obtained by
ekpaﬁding in the time direction the pixels aisﬁosed in one
line including the pixels belonging to the foreground area,
20 the pixéls belonging to the background area, and the pixéls
bélonging to the mixed area‘corresponding to‘Fig. 73A.
As shown in Figs.  73A and 73B, the background component
image output from the foreground/background separator 105

consists of the pixels belonging to the background area and

25 the background components contained in the pixels of the




uncover ed background area. In Fig. 76, al'through ail8 indicate m xture
ratios of the individual pixels of frame #n. In Fig. agd t hr ough
fourth pixels fromthe left belong to the uncovered groun area 20
The pi xel value CO02 of.the second pixel fromthe left |n frame #n can be
expressed by equation (143): C02 = B02/v+B02/v+B02/v+FOl/v a2B02+F01/v =
a2N02+F01/v (143) 25 where a2 indicates the mxture ratio of the second
pi xel 16 Decenmber 2005 - 17 5 fromthe left in franme #n, and NO2
desi gnates the pixel value of the a% ond pi xel fromthe left in frame
#n+1. The sumf02 of the foreground onents of the second pixel from
the left in frame #n can be expressed by equation 5 (144) based on equation
(143). f02 = FO1% = CO2-a2+N02 (144) Simlarly, the sumfO03 of the
f or egr ouhdedoapeaents of the third pixel fromthe left in frame #n can be
expressed 10 by equation (145), and the sumf04 of the foreground
conponent s dfs twvfrodm Wl{g@(eﬂiﬂ éand W81 efthe fonegmeund campobengxpr essed
by equation (146). f03 = C03-a3+N03 (145) f04 CO4-wa4N04 (146)
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
5  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 componénts and the foreground
components by the foreground/background separator 105. The
10 sepaiated 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 tqgéther,with the pixels
belonging to the foreground area.
15 As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to. 0, and significant- pixel wvalues
are set in the pixels corresponding te the foreground area
and the pixels corresponding to the mixed area. Similariy,
20 inrthé-background component image, the pixel values of the
pixels corresponding to the foreground area are set to 0,
and significant pixel values are set in the pixels
corresponding to the background area and the pixels

corresponding to the mixed area.

257 . A description is given below of the processing executed



15 In this manner, the foreground conponents fu contained in the pixel

val ue C of the pixel belonging to the uncovered back TIsTe an be
expressed by equation (147): fu = C-aN (147) where N%em gn%’%ggosfhe pi xel
val ue of the corresponding 2.0 pixel in the subsequent frame. As discussed
above, the separating portion 601 is able to separate the foreground
conponents fromthe pixels belonging to the m xed area and the background
conponents fromthe pixels belonging to the m xed area based on the 25
information indicating the covered background area and the 16 Decenber 2005
- 176 information indicating the untb&ered background area contained in
the area information, and the mxture ratio a for each pixel. Fig. 77 is a
bl ock diagramillustrating an exanple of 5 the configuration of the

separ at 39 thel kkBAr&PinbOporeX66UkLH NIrdAes ADoVSr des Crided AR Y. An
image input into the separating portion 601 is supplied toa frame nenory

621, andoldpernahea hAHOLAB! baRkhRELEA! Eadpdien € VEF@sl thackgneund area and
t he uncovered background area supplied 10 fromthe m xture-ratio cal cul ator -

104 andbkhenmiixtute takimixadaaeesupplied to a separation processing bl ock
622. The frame nmenory 621 stores the input inmages in units of frames. Weén
a frane to bRigrotesselusisrdtesrm mddihe £ famimagendny i3t iatjor es franme
#n-1, which is the frame one ,
5 rforeground compeonents and background components in two
frames including a foreground object moving from the left to
the right in Fig. 74. In the model of the image shown in
Fig. 74, the amount of movement v is 4, and the number of
virtual divided portions is 4.
10 In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
-backgrouhd components and belong to the background area. In
frame #n, the second through fourth pixels from the left
contain the background components and the foregrouﬁd
15 components, and belong to the uncovered background area. In
frame #n, the eleventh through thirteenth pi#els from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the.
fifth through tenth pixels from the left consist of only the
20 .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
_thé background components, and belong to the background area.

In frame #n+1, the sixth through eighth pixels from the left

25 contain background components and foreground components; and



15 frame before franme #n, frame #n, and frame #n+l, which is the frame one
frame after frame #n. The frame nmenory 621 supplies thepeolhtsRensi ng
pixels in frame #n-1, frame #n, and frame #n+l1 to the separation .
processing bl ock 622. 20 The separation processing bl ock 622 applies the
cal cul ations discussed with reference to Figs. 75 and 76 to the pixel

val ues of the corresponding pixels in franme #n-1, franme #n, and frane #n+l
supplied fromthe frane nenory 621 based on the area information

i ndi cating the covered 25 background area and the uncovered background area
and the - 177 mxture ratio a so'é§r¥%‘§eparate t he foreground conponents
and t he background conponents fromthe pi-xels belonging to the m xed area
in frane #n, and supplies themto a frame .nenory 623. 5 The separation

pr ocessibrdohbotk 6B2 uschoered Bick@rowntvesed arearpsmseFHsor, 63le a
covered area processor 632, a synthesizer 633, and a synthesizer 634. A
mul ti pl féfté4atbf thheudncevesntieanea mpiacks stirom3dhe Nk fi ptdsaihe pi xel

val ue of the pixel in frame #n+l 10, supplied fromthe frane nenory 621 by
t he ni xPBFkIraungd eompemen out pud sfetmyrasul tdagpiaets yadne halangwi t ch
642. The switch 642 is closed when the pixel of frame #n (corresponding’
to the pPxERe| poYered Backgrewpdldesh f r dm tfheamd rimel nethor o6 bel ongs to

the uncovered background area, 15 and supplies the pixel value nultiplied
by ﬁ#e reugle foureeenth pixels from the left consist of only the

foreground components, and belong to the foreground area.
Fig. 75 illustrates the processing for separating the
foreground components from the pixels belonging to the |
covered background area. In Fig. 75, al through ol8
10 indicate mixture ratios of the individual pixels of frame #n.
Iin Fig- 75, the fifteenth through seventeenth piﬁels from
the left-belong ﬁo the cdvered backgréund area.
The pixel value C1l5 of the fifteenth pixel from the
left in frame #n can be expressed by equation (138):

15 Cl5 = B15/v+F09/v+F08/v+F07/v

‘al5eB15+F09/v+F08/v+F07 /v
= 0l5eP15+F09/v+F08/v+F07/v : (138)
where al5 indicates thé mixture ratio. of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel
20 value of the fifteenthrpixel'frpm_the left in frame #nul..
The sum £15 of the fofeground components of the
fifteenth pixel from the left in frame #n can be éxpreséed

by equation (139) based on equation (138).

I

f15 = FO9/v+FO08/v+F07/v

25 C15-015eP15 ' (139)



a supplied fromthe multiplier 641 to a cal cul ator 643 and the synthesizer
634. The value obtained by multiplying the. pixel valig®eeémbdreopsxel in
frame #n+l1 by the mxture ratio a output fromthe switch 642 is equival.ent
to the background 20 conponents of the pixel value of the corresponding

pi xel in frame #n. The cal cul ator 643 subtracts the background conponents
supplied fromthe switch 642 fromthe pixel value of the pixel in frame #n
supplied fromthe frame nmenory 621 so as 25 to obtain the foreground
conponents. The cal cul ator 643 16 Deﬁgnber 2005 - 17 8 - supplies the

f oreground conponents of the pixel i frame #n bel ongi ng to the uncovered
background area to the synthesizer 633. A nultiplier 651 of the covered
area processor 632 5 nultiplies the pixel value of the pixel in frame #n-1
suppl ired fromimheakigpethrensmy 624 bF the Mdxdgt@indiddnpbnend’dout puts the
resul ting pixel value to a switch 652. The switch 652 is closed when the

" pi xel oftie aretgenthc pixedpdmdiinghtolefie phxErama fnacen#ve 1) supplied from
the 10 frane nmenory 621 bel ongs to the covered background area, and

suppl i eSHPFESFiede by gue tignt i(pR0ed bpdt bhenswnuft7rafitha supplied-from
the multiplier 651 to a cal culator 653 and the synthesizer 634. The val ue
obt ai ned BRIFIMOGpICPRRGRERES pitxEhevaruenbeebhle Pixel frod ridme ¥8fH by t he

m xture ratjio ,1i-a output fromthe switch 652 is equivalent to the
back ro&ﬂdframe n can pe expressed by eguation (141). - .

fle

Cl6-al6eP16 ' (140)

£17

Cl7-ol7ePl7 (141)
In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
10 background area can be expressed by equation (142):
fc = C—qeP - (142)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 76 illustrates the processing for separating the
15 foreground components from the pixels belonging to the
uncovered background area. In Fig. 76, ol through ol8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 76, the second through fourth pixels from the left
belong to the uncovered background area.
'20 ~ The ﬁixel value C02 of the second pixel from the left

in frame #n can be expressed by equation (143):

C02 = B02/v+B02/v+B02/v+F01/v

a2eBO2+F01l/v

li

i

a2eNO2+F01 /v ' (143)

25 where o2 indicates the mixture ratioc of the second pixel



conmponents of the pixel value of the corresponding pixel in frame #n. The
cal cul at or 653 subtracts the background conponents s i the
switch 652 fromthe pixel value of the 20 pixel in f@%&ﬁ‘%éézg% ied from
the frame nenory 621 so as to obtain the foreground conponents. The
cal cul ator 653 supplies the foreground conponents of the pixel in frame #n
bel onging to the covered background area to the synthesizer 633. 25 . The
synt hesi zer 633 conbi nes the foreground conponents. 16 Decenber 2005 - 179
of 'the pixels belonging to the uncovered background area and supplied from
the calculator 643 with the foregfdeﬁi'tonponents of the pixels bel ongi ng
to the covered background area and supplied fromthe cal cul ator 653, and
supplies the 5 synthesized foreground conponents to the frame nmenory 623.°
The synfhesi zke B34tconbinaset e, bank grOZ Nde € OGPONENt tShe Gfistdle pi xel s R
bel ongi ng to the uncovered background area and supplied fromthe sw tch
642 wit alhe backbeosadorvdnponeht Srowfthdel pikels Hedmwnghmel to t he cover.ed
background area and 10 supplied fromthe switch 652, and supplies the

synt hesi zed Thrackar ot Tonfendivredmurite dargrmendvof 628, sEoenflr ane _
menory 623 stores the foreground conponents and the background conponents
of the Bixelsframthleend bl inrErand 2 apan #re seppldsakd fomedve tsiemar at i on

r ocessi 15 bl ock 622.
P 5 (fg4) based on equation (143}.

£f02 = FO0l/v
= C02-0a2eN02 : {144)
Similarly, the sum £03 of the foreground components éf
the third pixel from the left in frame #n can be expressed
10 by equation (145}, and the sum f04 of the foreground
components of the fourth pixel from the left in frame #n can

be expressed by equation (146).

f03 = CO3-a3eNO3 (145)
f04 = CO4--adeNQ4 (146)
15 In this manner}Athe foreground components fu contained

in-the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (147):

fu = C—ceN | - (147)

where N designates the pixel value of the corresponding
20 pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate fhe foreground components from the pixels
belonging to the mixed area and the background components
from. the pixels belonging to the mixed area based on the

25 information indicating the covered background area and the
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The franme nmenory 623 outpufs the stored foreground conponents of the

pixels in the mxed area in frane #n and the stored P@&&ﬂ&ggﬂgpnponents
of the pixels in the mxed area in frame #n. 20 By'u?? izing the mxture
ratio-a, which indicates the feature quantity, the foreground conponents

background conmponents contained in the pixel values can be

conpl etely separated. The synthesizer 603 conbi nes-the foreground
25 of the pixels in the mxed area in frame #n output fromthe.
2005 - 180 separating portion 601 with the pixels belonging to

foreground area so as to.gene-r&fe a foreground conponent inmage- The

synt hesi zer

i mage.

605 conbi nes t he background conponents of the pixels in the
m xed area in frame #n 5 output fromthe separating portion 601 with the
pi xel' s ihelongitRgnt OnkieaPaskatpUNd, ARG fEer e, a background
conponeﬁi ? Fig. 78A :I% e gré? @éfﬁg% t éggéé
ConponerfonitEAERACOH @AR0AAEAT 15 e LhAFRAN hild Rl rlttdhe rdOid gf t most

Fig. 78AiITustrates an exanple or egr ound

and the fourteenth pixel fromthe [eft consist of only the background

t he

pi xel

conponerfbs katarpikbe. foreground and the background are separated, and

val ues are set to 0. The second and fourth pixels fromthe

| eft bel ong Fibg. 157 tie ansoyvek el dpcdoag rioung tafagd ke fer @ kg 1foegr ound and

the configuration of the separating portion 601 for

execuiting the'above—described processing. An image input

into the separating portion 601 is supplied to a frame

memory 621, and the area information indicating the covered

background area and the uncovered background area supplied

from the mixture-ratio calculator 104 and the mixture ratio

o are supplied to a separation processing block 622.

The ‘frame memory 621 stores the input images in units

‘of frames. When a frame to be processed is frame #n, the

frame memory 621 stores frame #n-1, which is the frame one

frame before frame_#h, frame #n, and frame #n+l, which is

the frame one frame after frame #n.

The frame memory 621 supplies the corresponding pixels

in frame #n-1, frame #n, and frame #n+l to the separation

proceéssing block 622.

The separation processing block 622 applies the

calculations discussed with reference to Figs. 75 and 76 to

the pixel values of the corresponding pixels in frame #n-1,

- frame #n, and frame #n+l supplied from the frame memory 621

based on the area information indicating the covered

background area and the uncovered background area and the



background are separated. Accordingly, the background conponents are set
to 0, and the foreground conponents-are maintained. ggg £Bbls t hr ough
.thirteenth pixels fromthe |I|eft belong to the covere ackground area
‘before the 20 foreground and the background are separated. Accordingly,

t he background conponents are set to 0, and the foreground conponents are
mai nt ai ned- The fifth through tenth pixels fromthe left consist of only
t he foreground conponents, which are thus naintained. 25 Fig. 78B
illhustrates an exanple of the background 16 Decenber 2005 - 181 conponent
i mage corresponding to frame #n inm Fig. 74. The |leftnost pixel and the
fourteenth pixel fromthe |eft consist of only the background conponents
before the foreground and the background are separated, and thus, the 5

backgr omhdtapappaehbscase aBi bbasaesraddetisecontedineudcdmdddnga xel s from
the left belong to the uncovered background area before the foreground and
t he backgdothnd haekgepandt ednpdweni i ey, tHdep 108 egnminchgicnpenent s -are
set to 0, and the background conmponents are 10 nmi ntai ned. The el eventh

t hr oughth@i nieedt areh xoh st famen e addfdudpel iong et e covieed backgr ound,
area before the foreground and the background are separated. Accordlngly,

t he forBgPreuYidé4¢dnponents are set to 0, and the background conponents are

mai nt ai ned. The fifth through tenth pixels 15 fromthe | eft consist of onIy
the5f0regr0&mf(ﬁﬁﬁﬁﬁﬁyﬂqy Rffessing block 622 is formed of an

uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a syntﬁesizer 634.
A ﬁultiplier 641 of the uncovered area processor 631
" multiplies the pixel value of the pixel in frame #n+1
10 supplied from the frame memory 621 by the mixture ratio o,
and outputs the resulting pixel value to a'switch.642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n+l) supplied from the
frame memory 621 belongs to the uncovered backgrbund area,
15 énd supplies the pixel value multiplied by the mixture ratio
o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the .
pixei value of the pixei in frame #n+l by tﬁe mixture ratio
o output from the switch 642 is equivalent to the. background
20 components of the pixel value of the corresponding pixel in
frame #n. |
The calculator 643 subtracts the background components
supplied from the switch 642 from the pixel value of the
pixel in frame #n Supplied from the frame memory 621 so as

25 to obtain the foreground components. The calculator 643



t hus, the pixel values are set to 0. The proéessing for separating the

foreground and the background executed by the. foregr fgﬁﬁ nd
separator 105 is described belowwith reference to tﬁgﬂg owéﬁgpgyof 20

Fig. 79. in step S601, the frame nenory 621 of the separating portion 601
obtains an input inmage, and stores franme #n for which the foreground and

t he background are separated together with the previous frame #n-1 and the
subsequent franme #n+l. 25 In step S602, the separation processing block 622
of - - 182 the separating portion 601 gbtains area information supplied
fromthe mxture-ratio cal cul ator T0478|/ step S603, the separation
processi ng bl ock 622 of the separating portion 601 obtains the m xture
ratio a supplied fromthe m xture- 5 ratio calculator 104. In step S604,

t he uncowerdd ear ehepfocegzound3tompbnaats ofhehbagkgeound epamengnts from
t he pixel values of the pixels belonging to the uncovered background area
suppl i edpelongrimighéof threunenveyef2babagedund stbheaateathaf ornmation and 10
the m xture ratio a. In step S605, the uncovered area processor 631

extr act $ynthesfigeagbddnd conponents fromthe pixel values of the pixels
bel ongi ng to_ the uncovered background area supplied fromthe frane nmenory
621 based onftRelhiRbhienferhmf orhancovased heren puacessad &3

5 multiplies the pixel value of the pixel in frame #n-1
supplied from the frame memory 621 by the mixture ratio a,
and Qﬁtputs the resulting pixel value to a switch 652. The
switch 652 is closéd when the pixel of frame #n |
(corresponding to the pixel in frame #n-1)} supplied from the

10 frame memory 621 belongs to the covered background area, and
supplies the pixel yalue multiplied by the mixture ratio o
supplied. from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio

15 o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.

'The calculator-653 sﬁbtracts the background componeﬁts
supplied from the switch 652 froﬁ the pixel value of the

20 pixel in frame #n supplied from the frame meﬁory 621 so aé

-to obtain the foreground components. The calculator 653
supplies the foreground components of the pixel in frame #n
belonging to the covered background area to the synthesizér
633. | |

25 ~_ The synthesizer 633 combines. the foreground components.



In step S606, the covered area processor 632 extracts the background
conponents fromthe pixel values of the pixels bel ongj overed
background area supplied fromthe franme nenory 621 bgge%c%%b%%‘?ogrea :
information and 20 the m xture ratio a. In step S607, the covered area
processor 6'32 extracts the foreground conponents fromthe pixel values of
the pixels belonging to the covered background area supplied fromthe
frame nenory 621 based on the area information. and 25 the. m xture ratio a.
16 ‘Decenber 2005 - 183 1In step 56_0%575{ he synt hesi zer 633 conbi nes the
foreground conponents of the pixels belonging to. the uncovered background
area extracted in the processing of step S605 with the foreground
conponents of the pixels 5 belonging to the covered background area
extractedl Fhethixehy desbwiginoftstgpe Se0 vl dHankmpsiuned sreregndund
conponents are supplied to the synthesizer 603. The synthesizer 603

f urt her Sebl fést¥die Bietalyelamf et orittie ther dgrsarduadea supplied via
the switch 602 with the 10 foreground conponents supplied fromthe

separ at PR FDPL ddre Rixrly &%’é—ﬁ@%ﬂﬁé % fidre Gyered bassgesundmge. I n
step S609, -t he. synt h][e,si zer 634 conbi nes the background conponents of the
pi xel s %]é%rﬂ?%ggl‘{@ IR TR VER FOEKG UN  “arre 206k 5URPLd @ Si hhehe

brogessing ol 1.5 R 20Ukl (i 2AGKYLYRd, GoTRONSNLS of chhje pixels

The synthesizer 634 combines the background components
~of fhe pixels belonging to the uncovered background area and
supplied from the switch €42 with the background componeﬁts
of the pixels belonging to the covered background area and

10 supplied from the switch 652, and supplies the synthesized
background components to the frame memory 623.

The frame memory 623 stores the foreground components
and the background components.of the pixels in the mixed
area of frame #in supplied from the separation processing

15 Dblock 622. |

The frame memory 623 outputs the stored‘foreground
componeﬁts of the pixels in the mixed area in frame #n andl
the stored.béckground components of the pixels in the miﬁed
area in frame #n.

20 - By utilizing the mixture ratio a, which indicates the
feature quantity, the foreground components and the
background components contained in‘the pixel values can be
completely separated. |

The synthesizer 603 combines the foreground components

25 of the pixels in the mixed area in frame #n output from the.



bel ongi ng to the covered background area extracted in the processing of
step 5606.. The synthesized. background conponents ajgpitiibd o the
synt hesi zer 605. The synthesizer 605 further conbineggthe p”ﬁgpgsbelonging
to the 20 background area supplied via the switch 604 with the background
conponents supplied fromthe separating portion 601 so as to generate a
background conponent inage. In step 8610, the synthesizer 603 outputs the
foreground conponent image. In step 5611, the synthesizer 25 605. outputs
t he background conponent i mage. The processing, 16 Decenber 2005 - 184 is
t hen conpl eted. As discussed above, - tli88 for eground/ background separ at or
105 is able to separate the foreground conponents and the background
conponents fromthe input inage based on the area 5 information and the

m xture g@éd&@ngagﬁ)ﬁqt&yt@lt he e qrh%g&ﬁ%qscggﬂgﬂ?g&ﬁ%%g%hgonsi sting of

only the foregroun conponents and the backgroun nent 1 mage

consi st i fgrefroudid Yarldie RAGKIQYRELIIRANGNES refdbusliMeBipofbnthe anount of
notion blur froma 10 foreground conponent inmage are described bel ow. Fig.

80 is a imaupk diTagr apnidHaisStdeat 005 adn®saekl enef batRgreanki guration of the

nmoti on-blur adjusting unit 106. The notion vector and the positional
i nf or matdampdrieertaoiv £supye! ipdddrsomnt héemptiken detactar riBacapd the area 15
information supplied fromthe area specifying unit 103 are
5 output from the separating portion 601 with the pixels
' belonging to the béckground area so as to generate a
background component image.
Fig. 78A illustrates an example of the foreground
comﬁonent image corresponding to frame #n in Fig. 74. The
10 leftmost pixel and the fourteenth pixel from the left
consist of only the backdround components before the
foreground and the background are separated, and thus, the
pixel wvalues afe set to 0.
The second and fourth pixels ffom the left belong to
i5 ‘the uncovered background area before the foreground and the
background are separated. Accordingly, the background
components are set to 0, and the foreground components are
mainfained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
20 foreground and the background are separated. Accordihglj,
the background components are set to 0, and the foreground
cdmponents are maintained. The fifth through tenth pixels
from the léft consist of only the foreground components,
which are thus maintainéd.

25 . Fig. 78B illustrates an example of the baékground-



supplied to a unit--of--processing detérnining portion 801 and a

nodel -form ng portion 802. The area-information suppligq) frg&%%ﬁg
f oregr ound/ background separator 105 is supplied to tﬂ adde . 20 The
unit-of-processing determ ning portion 801 supplies, together with the
notion vector, the unit of processing that 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 .25 portion 801 suppliesbéfe generated unit of processing to

the 16 Decenber 2005 - 18 5 adder 8 As indicated by Ain Fig. 81, for

exanple, the unit of processing generated by the unit-of-processing
determ ning portion 801 indicates consecutive pixels disposed in the 5
nmovi ng @ereerestt drapei ngriespohfiéngi kel feameedpondi Rigt 074t heTle@ver ed
background area of the foreground conponent image until the pixel

cor r espafRdithigstorikelupedvehedfopatkgnbhndiaetafron theli tafes consecutive
pi xel s dispgsed in the noving direction starting fromthe pixel

cor r espGRBPAG§T10Et 8 HethAchoekenonnd kgerBRPEeRL Babafhore the pi xel

corresp ndiag to the covered background area. The unit of processing is
formed 6PTEABCOPPEcRIoFNAPACKHT RRNT ndi € af @Parabed exampl €hud hethgpper |eft

Oi ‘ ich is the position of the |eftnmpst or the topnost pixel in the
Pnagi é§§F§ﬁ5?8ﬁéb§°§%°?ﬁ%tﬁn?fed?aﬁ?ﬁ%é%%¢ng) and the Pomer Pight poi nt .

The second through fourth pixels from the left belong
to the uncovered béckground area before the foreground and
the background-are separated. Accordingly, the forégrouﬂd
components are set to 0, and the background components are
10 maintained. The eleventh through thirteenth pixels from thé
left belong to the covered 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 fifth through tenth pixels
15 from the left consist of only the foreground components, and
thus, the pixel values are set to 0.
The proceésing for separating the foreground and the
background executed by,the_foreground/background separatér
105 is described below with reference to the flowchart of
20 Fig; 79. 1In step S601, the frame memory 621 of the |
sepatating portion 601‘obtains an input image, and stores
frame #n for which the foreground and the background are
séparated together with the previous frame #n-1 and the
subsequent frame #n+1.

25 - In step 5602, the separation processing block 622 of



The nodel -form ng portion 8.02 forms a nodel based on the notion vector

and the input unit of processing. Mre specifically,Igﬁﬁmgﬁﬁﬁpqogs the
nodel -form ng portion 802 may store in advance a plurality of nodels in

accordance with 20 the nunber of pixels contained in the unit of

processing, the nunmber of virtual divided portions of the pixel value in
the tinme direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 then nay select the nodel in which
the correl ation between the pixel 25 values and the foreground conponents

i s designated, such as, 16 Decenber 2885— 186 that in Fig. 82, based on
the unit of processing and.the nunber of virtual .divided portions of the
pi xel value in the tinme direction It is now assuned, for exanple, that the

number ofhd JHpeets 16Qf HRIAARM M1t @A ndNial-caf iBrecRSSHBE kSpp2ieand that
t he ambunt of novement v within the shutter time is 5.. Then, the

nmodel - f of e - HEO Mtiixam r802a36ics daleuluwrer 104 . virht eakpdissbdedepertions to
5, and selects a nodel fornmed of eight types of foreground conmponents so

t hat t hesdpeftatisin 16 ogiesslingo hilaidks 6are offorbgr eupdraeapgnepirribhe second
pixel fromthe left contains two foreground conponents, the third pixel
from t heéeQlefabtedmsaithe tlirda rfeoregriound sopppordntspm the fudurttibepi xel from
the Left contains four pixel conmponents, the fifth pixel fromthe |eft
cont ai ngFabipe cpd udpdgrodfd -conponent s, the sixth pixel fromthe |eft

In step S604, the uncovered area processor 631 extracts
the background components_from the pixel values of the
pixels.belonging to the uncovered background area supplie&
from the frame memory 621 based on the area information and

10 the mixture ratio «. |

In step $605, the uncovered area pfocesSor 631 extracts
the foreground components from the pixel values of the
pixeis belonging to the uncovered background area supﬁlied
from the frame memory 621 based on thé‘area information and

.15 the mixture ratio «.

In step S606, the covered area processof 632 extracts
the background components from the pixel values of the
pixeis-beldnging to the covered background area supplied
from the frame memory 621 based on the area information and

20 the mixture ratio o. |

In step S607, the covered area processor 632, extracts
the foreground components from the pixel values of the
pixels belonging to the ﬁovered background area supplied
from the frame membry'62l based on the area informatiqn.aﬁd

25 the‘mixture ratio «.



contains five foreground conponents, the seventh pixel from the left
contains five foreground conponents, the eighth pixe} Hegéplhggobsaft
contains five foreground conponents, the ninth pixel ?rom the left
-contains four foreground 20 conponents, the tenth pixel fromthe |eft
contains three foreground conponents, the eleventh pixel fromthe left
contains two foreground conponents, and the twelfth pixel fromthe |eft
cont ai ns one foreground conponent. Instead of selecting a nodel fromthe
prestored nodels, - 25 the nodel -fo_rr_ul' portion 802 may generate a nodel
based on 16 Decenber 2005 - 187 the notion vector and the unit of
processi ng when the notion vector and the unit of processing are supplied.
The nodel -form ng portion 802 supplies the selected nodel to an equation
gener at or 808! S eTheés edfuattilon eridrestiore803 gematdnes dheequati on based on
t he nodel supplied fromthe nodel-form ng portion 802. A descriptionis

gi ven bEPBRAITNRG ¢unReReRES tof tHee mtls dfekdngirg dgr died conponent i mage
shown in Fig. 82, of equations generated by the equation generator 803 when
the ~ 10YRTHHRFeLLF B AP A pOHemeted i the prAARSsislg pifkel s _
correspo,gdi n% 65? th u";}ii'éi of processing is 12, and the anmount of novenent v
is 5 VheTPt1elT drEdt o & PHOASTES 91 the Higedgr ound conponent

i mage GoI (?%iﬂg%;n et%’%? the shutter . 15 tipe/v are FA /v thro%%g F08/v,vthe

rel ati ong e covered background area extracted in

processing of step S607. The synthesized foreground
% - components are supplied.to the s?nthesizer 603. The
synthesizer 603 further combines the pixels,ﬁelonging to £he
foreground area supplied via the switch 602 with the
1Q foreground components supplied from the separating portion
601 so as to generate a foreground component image.
In step SGOQ,-the synthesizer 634 combines the
7 backgroqnd components of the pixels belonging to the
uncovered background area extracted in the proceésing of
15 step 5604 with the background components of the pixels
beionging to the covered background area extracted in the
processing of step-éGOG.: The synthesized background
cdmpdnents are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
20 background‘area supplied via the switch 604 with the
background COmponents supplied from the separating portion
601 so as to generate a background component image.
In step 5610, the synthesizer 603 ocutputs the
foreground component image. In step S611, the synthesizer

25 605‘outputs the background component image. The processing.



FO1l/v. through FO08/v and'the pixel values Q01 through C12 can be expressed
by equati-ons .(148) through.(159). @01 = FO01l/v(148) Cqé&f %%%%? 01/v(149)

20003 = F03/v+F02/v+FCﬂv(150) .C04 = FO04/v+F03/v+F02/ v+
FO5/ v+F04/ v+F03/ v+F02/ v+FA y(152) C06 = F06/v+F05/v+F04/v+F03/v+F02/v(153)
CO07 = FO7/v+F06/ v+FO05/ v+F04/ v+F03/ v(-154) 25C08 =
FO8/ v+F07/ v+F06/ v+F05/ v+F04/ v(155) 16 Decenber 2005 - 188 C09 =
F08/ v+F07/ v+F06/ v+F05/v (156) C10 = F08/v+F07/v+F06/v (157) dI = '
FO8/ v+F07/v (158) Cl12 = F08/v (159) The equati on generator 803 generates
an equation by nodifying the generag equati ons. The equations generated.
by the equation generator 803 are indicated by equations (160) though
(171). €01 = 1*FO1/v+0F02/v+0*F03/v+0* FO4/ v+0*FO5/v 10
+0* FO6/ vis OFDF? va@ROBitved CO2 = 1*FO1/ v+l FQ2/ v+0* FOB8/ v+0* FO4/ v+0* FO5/ v
+0F06/ v+0* FO7/ v+0*F08/ v . C03 = 1F01/v+1*F02/ v+l *F03/ v+0* FO4/ v+0F05/ v _
+0* FO6/ v+0* FAW digamesied BhoveOthe foEegrowhB@RAvkirB08Avsép&Eddter0* FO5/ v
105 is able to separate the foregiound components and the
background components from the input image based on the area
9 information and the mixture ratio a, and outputs the
foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components.
Adjustments of the amount of motion biur from a
10 foreground component image are described below.
Fig. 80 is a block diagram illustrating an example of
the confiquration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof
supplied from the motion detector 102 and the area
15 information supplied from the area specifying unit 103 are
supplied to a unit-of-processing determining'portion 801 and
a model-forming portion 802. The area information éupplied
from the foreground/background separator 105 is supplied to.
the adder 804.
20 " The unit-of-processing determining portion 801 supplies,
together with the motion vector, the unit of processing that
is generated based on the motion vector and the positional
information thereof and the area information to the model-

forming portion 802. The unit-of-processing determining

25 portion 801 supplies the generated unit of processing to the



20 +OF06/ v+0*F07/v+0F08/v Q05 = 1*F01/v1F02/ v+l *FO3/ v+l FO4/ v+1* FO5/v
+0F06/ v+0F07/ v+0*F08/v C06 = 0*FO1/v+1*F02/ v+1*FO3/ v @%ﬁ&*@glv

+1* FO6/ v+0F07/ v+0*F08/ v C07 = 0* FO1/ v+0FQ2/ v+1FCB/ v+1FOI/ V+1FCh] v

+1F06/ v+1F07/ v+O*FO8/v ~ C08 = 0*FO1/ v+0F02/ v+0* FOB/ v+l FO4/ v+l FOB/ v .
+1F06/ v+1F07/ v+l *FO8/ v (160) (161) (162) (163) (164) (165) (166) (167) 25
C09. = OF01/v+0* F02/ v+0* FO3/ v+0* FO4/ v+l F. 05/ v" 16 Decenber 2005 - 18 9 5
+1* FO6/ v+1F07/ v+l FO8/v (168) Cl0 = OSFOL/ v+0F02/ v+0F03/ v+0F04/ v+0F05/v
+1*FOB/ v+1FO7/ v+1F08/ v (169) Cl1 = Q FOL/ v+OFQ2/ v+OFQB/ v+OFO4/ v+OFO5/ v

+O+F06/ v+1F07/ v+1F08/ v (170)

adder 804, _

As indicated by A in Fig. 81, for example, the unit of
processing generated by the unit—-of-processing determining
portion 801 indicates consecutive pixels disposed in the

5 moving direction starting from the pixel corresponding to
the covered background area of the foreground component
image until the pixel corresponding to the uncovered
background area, or indicates consecutive pixels disposed in
the moving direction starting from the pixel cofresponding

10 to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
processing is formed of two pieces of data which indicate,
for example, the upper left point (which is the position of
the leftmos£ or the topmost pixel in the image designated by

15 .the unit of processing) and the lower right point.

The model—formingrportion 802,forﬁs a @odel based on
the motion vector and the inpﬁt unit of processing. More
specifically, for example, the modél—férmingrportion 802.may
store in advance a plurality of models in accordance with

20 the number of pixels contained in the unit of processing,‘
the number of virtual divided portions of the pixel value in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel

25 values and the foreground components is designated, such as



ClZ = OF01/v+0F02/ v+0O. FO3/ v+0O F04/ v+OFO 5/ v +0. FO6/ v+O+F07/ v+1+F08/ v (171)
Equati ons (160) through (171) can be expressed by eqqg&h%%ﬁgm%iﬁg.IOS 10
' (he positi

g = Eaij Fi/v i=CE (172) In equation (172), j designates on of
the pixel. 1In this exanple, j has one of the values from1l to 12. In _
equation (172), i designates the position-of the foreground value. In this
exanple, i has one of the values from1l to 8. 15 In equation (172), aij has
the value 0 or 1 according to the values of i and j. Equation (172) can be
expressed by equation (173) in consideration of the error. 48 ¢ = aij F
/ v + e i=41 (173) 20 In equatiom (8%¥3), ej designates the error

contained in the designated pixel ¢ . Equation (173) can be nodified into
equation (174). 16 Decenber 2005 - 190 5 1122 '
that in Fig. 82, based on the unit of processing and the

number of virtual divided portions of the pixel value in the
time direction.
It is now assumed, for example; that the number of
5 pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model~forming portion 802 sets the number of
virtual divided bortions to 5, and selects a model formed of
eight types of foreground components so that the leftmost
10 pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
pixel from the left contains three foreground components,
- the fourth pixel from the left contains four pixel
components, the fifth pixel_from the left contains five
115 ‘foreground components, the sixth pixel from theAleft
contains five foreground components, the sevoﬁth pixel from
the left contains five foreground components, the eighth
pixei from the left contains five foreground components, thé
rninth pixel from the left contains four foreground
20 components, the tenth pixel from the left contains three.
foreground components, the‘eleventh pixel from the left
contains two foreground components, and -the twe;fth pixel
from the left contains one foreground component.
Instead of seleoting a model from the prestored models,

25 the model-forming portion 802 may generate a model based on



L~ e 2 J=01In order to mnimze. the error, the partial In order to apply
the nmethod of | east squares, the square sumE of the gpfeeémi’&ﬁﬁgi ned as
(]il erentia

equation. (175). 08 e =G - aij.Fi/v i=01 E 2 7 €] val ue .
using the variable Fk with respect to the square sumE of the error should
be O_ Fk is determ ned so that equation (176) is satisfied. 0 E 12 4% 'k
of k j=01 12 02 1;: ((g - Eaij .Fi /I v) (-akj / v) =0 j=011i=01101In
equation (176), since the anount of novenent v is a fixed value, equation
(177) can be deduced. 12 08 '1 akj {Q] -1 aij Fi / v) =0 ;j;=01i=01 =2
(174) - 187 - . |
the motion vector and the unit of processing when the motion
vector and the unit of processing are supplied.
The model-forming portion 802 supplies the selected
model to an équation generator 803.
5 The equation generator 803 generates an egquation based
on the model supplied from the model-forming portion 802.
A description is given bélow, with reference to the
model of the foréground component image shown in Fig. 82, of
equations génerated by the equation generator 803 when the
10 number of foreground components is 8, the number of pixels
corresponding to the unit of processing is 12, aﬁd the
amount of movement v is 5.
When the foreground components contained in the
foreground component image corresponding to the shutter
15 time/v are F01/v through F08/v, the relationships between
FO01/v through F08/v and the pixel values C01 through C12 can

be expressed by equations (148) through (159).

Col = FO1/v | \ (148)
C02 = FO2/v+FO0Ll/v | | (149)
20 C03 = F03/v+F02/v+F0lv ‘ (150)
C04 = FO4/v+F03/v+FO02/v+FOLv (151)
co5 = FOS/V+F04/V+F03/V+F02/v+F01v '(152)7
CO6 = FO6/v+F05/v+F04/v+FO3/v+F02/v . (153)
Cc07 = F07/v+F06/v+F05/v+F04/v+F03/v, {154}

25 . C08 = FO8/v+F07/v+F06/v+F05/v+F04/v (155)



(175) (176) (177) To expand equation (177) and transpose the terns,
equation (178) can be obtained. 12 08 12 15 Z(a)V Ia#fgt%&%@&£§50'201 I =of
y

j =01 (178) Equation (178)
t he indivi dual
ei ght equations can be

i s. expanded i nto ei ght equa

I ons

substituting

integers from1l to 8 into k in equation (178). The obtained

Is.referred 16 Decenber 2005 - 191 to as a "normnal
equation generated by the equation generator 803 based on

of the nor mal
t he net hod of

expressed by one matrix equati on.

Thi s equation

equation". An exanple

| east squares is indicated by equation (179).

i =08 11 EC 54321000 FOLi =07 10 - 188 -
C09 = FO8/v+F07/v+F06/v+FQ5/v
ClQ} = FO8/v+F07/v+F06/v
Cli = F08/v+F07/v

10

15

20

25

modifying the generated equations.

Cl2 = F08/v

The

. (156)
{(157)
(158)

(159)

512 7-X G

équation generator 803 generates an equation by

The equations generated

by the equation generator 803 are indicated by equations

{(160) though (171).

Cco1

c02
c03

. €04

cos

Cc06

CO07

Cc08

09,

1eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0e8F06/v+0eF07/v+0eF08/v

1eF01/v+1eF02/v40eF03/v+0eF04/v+0eF05/v
+0eF06 /v +0eF07 /v+0eF08 /v

leF(01/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v

+0eF06/v+0eFQ7 /v+0eF08/v

1eF01/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v

+0eF06/v+0eF07/v+0eF08/v
1-F01/v+10F02/v+10F03/v+10F04/v+1-F05/v

+0-F06/V+O-F07/v+00F08/v
O-FOI/v+ioF02/v+1-F03/v+i0F04/v+1-F05/v

| +18F06/v+0eF07 /v+0eF08 /v
0eF01/v+0eF02/v+1eF(3/v+1eF04/v+1eF05/v

+1eF06/v+1eF(37/v+0eF08/v

0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v

+1eF06/v+1eF07/v+1eFO8/v

0eF01/v+0eF02/v+0eF03/v+0eF04/v+1eF05/v

(160)

(161}

(162)

(163)
(le4)

(165)

(166)

(167)



45432100 FO2E G i=06 34543210 FOB09 23454321 F04Y G i =05 V08(179)

12345432 FOBY Ci 01234543 F06i =04 07 00123454 FO7Y Ci

06 Y G
C, A and v are known, and F is unknown. A and v are known when the 10
nodel is fornmed, while C becones known when the pixel value is input

345 FO08=

i=02 05 1 G Li=01 J Wien equation (179) is expresséﬁag&?AF:v+C,

in the

addi tion processing By calculatlng the foreground conponents accordlng to
the nor mal equati on based on the nethod of |east squares,

— 189 -

+1eF06/v+1eFQ07/v+1eF08/v (168)

c10 GeF01/v+0eF02/v+0eF03/v+0eF04/v+0eF0S5/v

I

+1eF06/v+1eF07/v+1eF08/v : {169)
Cll = QeF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v

+0eF06/v+1eF)7/v+1eF08/v {170)

" C1l2 = QeF01/v+0eF(02/v+0eF03/v+0eF04/v+0eF05/v

10

+0eF06/v+0eF07/v+1eF08/v _ (171)
Equations (160) through (171) can be expressed by

equation (172).

Zalj Fi / v - | (172)

i=0l

~In equation (172), j designates the position of the pixel.

i5

20

In this example, j has one of the values from 1 to 12. 1In

equation (172), i designates the position-of the foregrouﬁd

value. 1In this example, i has one of the values from 1 to 8.

In equation (172), aij has the value 0 or 1 abcording to the
values of i and j.
Equation (172) can be expressed by equation (173} in

consideration of the error.

. o8 .
= p,aij-Fi/v +ej. - (173)

i=01
In equation (173), ej designates the error contained in.the
designated pixel Cj.

Equation (173) can be modified into equation (174).



the error contained in the pixel Ccan be distributed. 15 The equati on,
generator 803 supplies the normal equation - 192 gen?ﬁg; ‘$§ §b§cussed
above to the adder 804_ The adder 804 sets, based on ani processi ng
.supplied fromthe unit-of-processing determ ning portion 801, the pixel.
value C contained in the foreground conponent 5 inmage in the matrix
equation supplied fromthe equation generator 803. The adder 804 supplies
the matrix in which the pixel value Cis set to a cal culator 805. The
cal-cul ator 805 cal cul ates the foreground conponent Fi/v fromwhich notion
blur is elimnated by the processingl?0 based on a solution, such as a
sweep-out nethod (Gauss- Jordan elimnation), so as to obtain-F
corresponding to i indicating one of the integers froml to 8, which is
the pixel value from which notion blur is elimnated. The calcul ator 805
t hen outgiuts Cohe PoredroBhd wonponent i nmage 15 consisting oflTde pixe

val ues Fi withoutt=fotion blur, such as that in Fig'. 83, to a notion-blur
adder 806 and a selector 807. In the foreground conponent inage w thout
motion bl ur Ishowdeintbi gpp83, themseRSANcf Oleset tédgaikd , tHHeough FO8 in
.20 Q03 through CI O respectively, is.not to change the position of the

f or egr ophagEnEome it ofrafe wirttbrr éspdefihedt he sqneehon However, FO

t hrough FO8 may be set in any desired positions. The notion-blur adder 806
is able to a usti the anopunt of notion blur by adding the ?nnunt v' by
whi ch ot iTonhFdr . 173)

5 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 (176) is satisfied.

JE
- . ej -
LR |
o o8 . {176)
=2. Z{(Cj — > aij-Fi/v)-(-akj/v) =
j=01 i=01
10 In equation (176), since the amount of movement v is a

fixed value, equation (177) can be deduced.
1z
Zakj {Cj — Zalj Fi/wv) = (177)

j=e1 1=01

To expand equation (177) and transpose the terms,

equation (178) can be obtained.

12 08 12 . ’ :
15 D (akj-Y.aij-Fi)y=vY.akji-C - | (178)
J=0i i=01 ) j=0

Equation (178) is expanded into eight equations by
substituting the individual integers'from 1 to 8 into k in
equation (178). The obtained eight equations can be

expressed by one matrix equation. This equaticn'is,referred



‘adj usted, which is one half the value of the anpunt o

25 is adjusted, which is different fromthe anmount of novenent. 16 Decenber

2005 - 193 v, for exanple, the amount v' by which nn?bfﬁ%veﬁ%%Pﬁg or the

amount v' by which notion blur is adjusted, which is irrelevant to the
amount of novenment v. 5 For exanple, as shown in Fig. 84, the notion-blur
adder 806 divides the foreground pixel value Fi wi thout notion blur by
the amount v' by which notion blur is adjusted so as to obtain the
foreground conponent Fi/v'. The notion-blur adder 806 then cal cul ates the
sum of the foreground 10 conponents ¥¥ 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 @BCA)/uormbbeeguxelonal ue C3 is set to (FO1+F02)/v', the pixel
value C04 is set to 15 (FO +F02+F03)/v', and the pixel value CO5 is set to
( FO2+FCB+FOA véxarﬂiiﬂbe nof i tdre hlanmaddejuadi6ns depleirasetheyf @hegr ound
conponent image in which .the anount. of notion blur is adjusted to a

sel ect 0pa8871i020gFheratdeci®d? BTedebrectlss ometlofd tdfe fearsayrsamradesconmponent
i mage without notion blur supplied fromthe calculator 805 and the

f or egr obifidiedapehedt by negeatromh{ 1) t he' anount of motion blur is adjusted
supplied fromthe notion-blur adder 806 based on a sel ection

sigﬁhl-reflecting

(54 3 2 1.0 0 OfFO1] 1=07
4543210 0[F02 1> ci
3 4543 2 1 0|F03 "5
2 345 43 2 1]Fo4 'ESC-’L :
123 45 43 2frosf 7 |& (179)
{0 1 2 3 4 5 4 3[F06 iz%Cl
0 012345 4fFo7 S i
Jo oo 123 4 5]F08 1=03

When equation (179) is expressed by AeF=ve(C, C, A, and v
are known, and F is unknown. A and v are known when the
10 model is formed, whilg C becémes known when the pixel value
is input in the addition processiﬁg-
By calculating the foreground compconents according to
thg normal equation based on the method of least squares,
the error contained in fhe pixel C can be distributed. |

15 The equation generator 803 supplies the normal equation



- 25 a user's selection, and outputs the sel ect ed fOreground - 19 4

conponent image. As discussed above, the notion-Dblur UStlﬁg’ﬁaét 106 is
able to adjust the anpunt of notion blur based on the & si gnal and
the anmount v' by which notion blur is 5 adjusted. Al so, for exanple, when
the nunber of pixels corresponding to the unit of processing is 8, and the
amount of novenent.v is 4, as shown in Fig. 85, the notion-blur adjusting
unit 106 generates a matrix equation expressed by 10 equation (180). F 08 7
Y G i=05074321O0F01>C 343 2 1F02i=04 06 2 3 4 3 2F03— vl G (180)
i=03 1 2 3 4 3F0405 0 1 2 3 4FO 5ECi 132202 04 EC ~ i =0i :

generated as discussed above to the adder 804.
The adder 804 sets, based on thé unit of processing
supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component
5 image in the matrix equation supplied from the equation
generator 803. The adder 804 supplies the matrix in which
: thé'pixel vaiue C is set to a calculator 805.
The calculator 805 calculates the foreground componeﬁt
Fi/v from which motion blur is eliminated by the processing
10 based on a solution, such aé a sweep-out method {Gauss-
Jordan elimination), so as o obtain Fi correspoﬁding 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
15 consistihg of the pixel values.Fi without motion blur, such
as that in Fig. 83, to a motion-blur adder 806 and a
selector 807.
In the foreground component image without motion blﬁr
- shown in Fig. 83, the reason for seﬁting F01 through F08 in
20 co03 tﬁrough c1io0, respectively; is not to change the pééitidn
| of the foreground componenﬁ 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

25 is adjusted, which is different from the amount of movement.



this manner, the notion-blur adjusting unit 106 calculates Fi, which is the
pi xel value in which the anmount 15.of notion blur ﬁ?*ustﬁ an setting
up the -equation in accordance with the | ength of the & ‘groce35|ng
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. 16 Decenber 2005 - 195 Fig. 86 illustrates an
exanpl e of another configuration of the notion-blur adjusting unit 106. The
sane el enents as those shown in FI O are designated with |ike reference
nuneral s, and an explanatlon t her eof % thus onmitted. 5 Based on a
selectlon signal, a selector 821 directly supplies an input notion vector
and a positional signal thereof to the unit-of-processing deternning
porti onvg0foraadamhée podeé - fwomitngy pdry | wini @0 2no i derimiats vied y, t he

sel ector 821 may substitute the nmagnitude of the notion 10 vector by the
amount @9IBSLoM; cihhehi ba dherhibf adjestadie ahdiheeamesuppldfes the notion
vector and the positional signal thereof to the unit-of-processing

det er m ﬁPH@mﬁﬁFtVonor%*leaWHO‘FWe Yrodey -Wivkeh eptuken 8o A4 th this
arrangeng the unit-of-processing 15 determ ning portion 801 through t he
cal cul af FU%E%dofWIFh%h %%t’r’éﬁe:b?‘(ﬁn%d}%s‘ih%gﬂ%ﬁﬁftt 1% "HEHENth Vi g. 86 are
able to ust the anount of nDtjonHP i n-accordance with t%%G amount of

nove nF°5 FARHR aFPuTO™ By T o i Mt fon-blur adder

divides the foreground pixel value Fi without motion blur by
the amount ¥' by which motion blur is adjﬁsted 50 as to
obtain the.foreground component Fi/v'. The motion-blur
adder 806 then calculates the sum of the foreground

10 components Fi/v', thereby generating the pixel value in
which the amount of motion bluf is adﬁusted. ‘For'example,
when the amount v' by which motion blur is adjusted is-3,
the pixel wvalue C02 is set to (FO1)/v', the pixel falue C3
is set to (FO1+F02)/v', the pixel value C04 is set to

15  (FO1+F02+F03)/v', and the pixel value C05 is set to
(F02+F03fE04)/v'

The motion-blur adder 806 supplies the foreground
component image. in which the amount of motion blur is
adjusted to a selector 807.

20 '~ The selector 807 selects one of the foreground
'cohponent image withouc motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied-ffom the
motion—biur adder 806 based on a selectipn signal. reflecting

25 a user's selection, and outputs the selected foreground



amount v'.by which notion.blur is adjusted is 3, the i t-of -pracessing
determ ning portion 801 through the calcul ator 805 oﬂggﬁ@aﬂ%?&gﬁgblur

adjusting unit 106 shown in Fig. 86 execute conputation on the foreground

conponent image in which the amount of novenent v is 5 shown in Fig. 25 82
according to the nodel shown in Fig. 84 in which the 16 Decenber 2005 196
anount v' by which notion blur is adjusted is 3. As a result, the inmge
contai ning notion blur having the amount of novement v of (amount of
novenent v)/(amount v' by which netiea blur is adjusted) = 5/3, i.e.,

about 1.7 is obtained. 5 In this case, the cal cul ated i mrage does not
contain notion blur corresponding to the anount of novenent v of. 3. 7
Accordi@ngonghtsggﬁ d be noted that the relationship between the anount
of novenment v and t anmount v' by which notion blur is adjusted is

different fram ghecnesult oied P%hé%&@i&-&%ﬂif‘racﬁqg‘?{iﬁgo%nﬁs.1‘6i639“559d

above, the notion-blur adjusting unit 106 generate equation in

accor dange awi th tbhgd3aeUNtnef anHBNENBRt n¥c 888 bher W de®foPragessi ng, and
sets the pixel values of the foreground conponent Imge in the generated:-

15 equaki0BRctibar ebynaal sibath8gahbant 0y €ghPURE: SOMMONEIN BITRY6 s i N which
t he amount of notion blur is adjusted. The processing for adjusting the
anount efijmstiedn blur contained in the foreground conponent inage executed
by the
Also, for example, when the number of pixels
corresponding to the unit of processing is 8, and the amount
of movement v is 4, as shown in Fig. 85, the motion-blur

adjusting unit 106 generates a matrix equation expressed by

10 equation (180).

Y. Ci
- - N
43 -

2 1 0fro1 Y ci

3.4 3 2 1jFo2 1=04
2 343 2(F03|=v.|Y cCi | (180) .
1 2 3 4 3|Fo4 iy
0 1 2 3 4]F05 2. ci
- - - i=02

04

> ci

| i=02 "

In this manner, the motion-blur adjustingruniﬁ 106
calculates Fi, which is the pixel value in which thé'amouﬁt3
15 of motion blur is adjusted, by setting up the.eduation in
-accordance with the length of the unit of processing.
Similarly, for example, when the number of pixels contained
in the unit of proéessing is 100, the equétion corfesponding

to 100 pixels is generated so as to calculate Fi.



nmoti on-blur adjusting unit 106 is described bel ow with 20 reference to the
flowchart of Fig. 87. In step S801, -the unit-of - procesgsipAge 52668 Ni N9

portion 801 of the notion-blur adjusting unit 106 generates the unit of
processi ng based on the notion vector and the area information, and
supplies the generated unit of 25 processing to the nodel-form ng portion
802. 16 Decenber 2005 197 In step S802, the nodel-form ng portion 802 of
the notion-blur adjusting unit 106 selects or generates the nodel in
accordance with the amount of novenent v-and the wunit of processing. In
step S803, the equation generator’B}éﬁé‘generates t he normal equati on based
on the selected nodel. Instep 5804, the adder 804 sets the pixel values of
t he foreground conponent inmage in the generated normal equation- Instep
5805, the addey. 3®4 idetetrates whekhkamnpl@® blieapbxBbrvabhesgefagldnt he
pi xel s corresponding to the unit- of processing are set. If-it is
det er m eiledtdatotivenileet adplateingfurdld tee piThel Sacer edspendisngst o t he
unit of processing are not yet set, the process returns to step 5804, and
t he proeesst mhdwr getitig &theans xisls mlades] withhé ik mefemkenequation is
repeated If it is determned in step S805 that the pixel values of all the
pi xel s WHESBONdNY arp axpl andticar thegeedsiisg thase ogdittetlhe process
progeeds to_step 5806. In step 5806,
Based on a selection signal, a selector 821 directly
supplies an input motion vector and a positional signal
thereof to the unit-of-processing determining portion 801
and the model-forming portion 802. Alternatively, the
selector 821 may substitute the magnitude of the motion
10 vector by the amount v' by which motion blur is adjusted,
and then supplies the motion vector and the positional
signal thereof to the uﬁit—of—processing determining portion
801 and the model-forming unit 802.
With this arrangement, the unit-of-processing
15 determining portion 801 through the calculator 805 of the
motion~blur adjusting unit 106 shown in Fig; 86 are able to
adjust the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,
20 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 motion-blur adjusting unit 106 shown
in Fig.‘86 execute computation on the foreground component

image in which the amount of movement v is 5 shown in Fig.

25 82 accordiﬁg to the model shown in Fig. 84 inﬂwhich.the'



t he cal cul ator 805 cal cul ates the pixel val ues of the 20 foreground in

whi ch the amount of notion blur is adjusted based ony quati on
in which the pixel values are set supplied fromthe a§2ﬁ=aﬁ%%§b$ﬁ
processing is then conpleted. As discussed above, the notion-blur ,
adjusting unit 106 25 is able to adjust the anmount of notion blur. of the
16 Decenber 2005 - 198 foreground image containing notion blur based on
the notion vector and the area information That is, it is possible to
adjust the anount of notion blur contained in the pixel values, that is,
contained in 5 sanpled data. As is $8&n~fromthe foregoing description;

the signal processor 12 shown in Fig. 4 is able to adjust the anmount of
notion blur contained in the input imge. The signal processor 12

confi gursbast Showy iwhifdilg mokich ke tie bdjesked akestheagi xture ratio' a,
whi ch is enbedded information, and outputs the calculated m xture ratio a..
Fig. 88 ftsswthl adle diregreamaridaistimat mag ianobhet &xatipke thef aibant
configuration of the notion-blur adjusting unit 106. The notion vector and
t he posiaf eraterienitormeati drrcverteof ISvempplti ed /f(aaounhe viiobiyonhdehect or 102
are supplied to a wunit-of-processing determ ning portion 901 and an

adj ust i mptiser bilow 965 adlve tadéa= H/Sr mit-kon sbppki éd7f ienpbheineda

speC|fy|ng unit 103 is supplied to the unit-of-processing
- In this case, the calculated image does not contain motion

blur corresponding to the amount of movement v of 3.

Accordingly, it should be noted that the relationship

between the amount of movement v and the amount v by which

motion blur is adjusted is different from the result of the
10 motion-blur adder 806.

As discussed above, the motion-blur adjusting unit 106
generétes the equation in-accOrdance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated

15 equation, thereby calculating £he 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 component image exeéuted by fhe
motion-blur adjusting unit 106 is described below with

20 reference to the flowchart of Fig. 87.

In step S801, the unit-of-processing determining
po;tion 801 of the motion-blur adjusting unit 106 generates
thé unit of processing based on the motion vector and the
area information, and supplies the generated unit of

25 processing to the model-forming portion 802.



determ ning. portion 901. The foreground. conponent image 20 supplied from
t he foreground/ background separator -105-is "supplied ﬁ@Iﬁm@ﬁﬁ&'O@gor 904.
The unit-of-processing determ ning portion 901 suppli és, ogether with -the
notion vector, the unit of processing generated based on the notion vector
and the positional 25 information thereof and the area information to a
nodel 16 Decenber 2005 - 199 formng portion 902. The nodel -form ng
portion 902 forns a nodel based on the notion vector and the input unit of
processi ng. An equati on generator}gqupqperates an equation based 5 on the
nmodel . supplied fromthe nodel -form™ng portion 902. A description is now
given, with reference to the nodels of foreground conponent inmages shown in
Figs. 89 through 91, of an exanple of the equation generated by the

equati on genkt aglorp FH) nding hwdaintfermding @oegricun@020oforpenents is 8,
the nunber of pixels corresponding to the unit of processing is.12, and the
amount ’B@-thﬁvegémf Fdjusting Wiekt tMe Jokegroumd avrmetas $heontai ned in

- the foreground conponent image corresponding to the shutter tine-/v are

FO1/' v PPAsligh FasFerdamee ret it i Ui MW et &P Ve IHD I anchithggh FO8/ v and
pi xel val ues %I] t hrough C12_ can be‘eﬁfressed by equations (148) through
Lt ECEHINRI - B URR i hg e giuatiamaseseet®rand C11, the

(159), #8'* . i
plx%l g@é”&e&%%agggtgﬂgsnéggg&té&%éégéﬁﬂégggﬁ(gﬁn% g?%%li%%é%f as

model.
| In step S804, the adder 804 sets the pixel values of
the foreground component image in the generated normal
equation. 1In step $805, the adder 804 determines whether
10 ﬁhe 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
15 normal equation is repeated.
If it is determined in step S805 that the pixel values
of all the pixelé corréspondingrto the unit of processing
are set, the process proceeds ﬁo step 5806. In step 8806,
-the calculator 805 calculates the pixel values of the
20 foreground-in which the amount of motion blur is adjusted‘
"based on the normal equation in which the pixel values are
set supplied ffom the adder‘804.-‘Tﬁe processing is then
completed. | |
As discussed above, the motion-blur adjusting unit 106

25 is able to adjust the amount of motion blur of the



expressed by equation (181), and the pixel value C]. 20 consists of the

product sum of the foreground conponent FO08/v and the r onponent
FO7/v. Accordingly, the .foreground conponent FO7/v g%%eﬁ%agggﬁ%§by

equation (182). FO 8/v = Cl12(181) FO7/v =.Cl1-Cl12(182) 25 Simlarly, by
considering the foreground conponents 16 Decenber 2005 - 200 - 10 15 20
contained in the pixel values Cl0 through C01, the :foreground conponents
FO6/v through FO/v can be found by equations (183) through (188),
respectively. FO6/v = C O C11(183) FO5/v = C09-C10(184) F04/v =

C08- C09( 185) F03/v = CO7--C08+C12(18898F02/v = C06- CO7+Cl1-Cl2(187) FOL/v = .
C05- C06+C10- C11(188) The equation generator' 903 generates ‘the equations for
cal cul ating the foreground conponents by the difference between the pixel

val ues, mfrdgidieat adaby thetexanpbemotfionenuati BAseG1842) thhraughof 188). The
equation generator 903 supplies the generated equations to the cal cul ator
904. Therezaloaulagiconh@04reet S nithempitien val ues of the .

That is, it is possible_to adjust the amount of motion

blur contained in the-pixel values, that is, contained in
5 sampled data.

As is seen from the foregoing descfiption, the signal
processor 12 shown in Fig. 4 is able to adjust the amount of
motion blur contained in the input image. The signal |
‘processor 12 configured as shown in Fig. 4 israble to

10 calculate the mixture ratio o, which_is embedded information,
and outputs the calculated mixture ratio .

Fig. 88 is a block diagram i1llustrating another example
of the configuration of the motion-blur adjusting-unit 106.
The motion vectbr and the positional information thereof

15 supplied from ﬁhe motion detector 102 are suppliéd to a
unit-of-processing detérmining portion 901 aﬁd an adjusting
;portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit—of—processing
‘détermining“portion 901. The foreground component -image

20 supplied from the foreground/backgréund'separator 105.is'
.Supplied to a calculator 904.

The unit-of-processing determining portion 901 supplies,
together with the motion vector, the unit of processing
generated based on the motion vector and the positional

25 information thereof and the area information to a model-



f oreground conponent inmage in the equations supplied-fromthe equation
generator 903 so as to obtain the foreground conmponef§ pe 2605 t he
equations in which the pixel values are set. For exanple, en equati ons
-(181) through '(188) are supplied fromthe equation generator 903, the
cal culator 904 sets the pixel values C05 through Cl2 in equations (181)

t hrough (188). The cal cul ator 904 cal cul ates the foreground conponents
based on the equations in which the pixel values are set. .25 For.exanple,
the cal cul ator 904 calcul ates the fqrgground 16 Decenber 2005 - 201
conponents FO1/v through FO8/v, as shown in Fig. 90, based on the

cal cul ations of equations (181) through (188) in which the pixel values
Q05 through C12 are set. The calculator 904 supplies the foreground
conponekeeniod /Rt idy A FO8/v to the adjusting portion 905. The

adj usting portion 905 nmultiplies the foreground conponents supplied from
t he cal cul atté* 904edy fopaiagoprttdrn Sfdekentsyacwndaiinbdsied ehe notion
vector supplied fromthe unit-of-processing determ ning portion 901 so as
to obt & FPHIRD MESGOE filtelinpitueR ity &h WHAGESFII%N bl ur is

el i m nated. For exanple, when the foreground conponents, FO1l/v through
FO8,/v are éﬁpﬁﬁpéﬁlppoﬁﬁpﬁéagaFcapgt8 nggates; a8 sHPast-PRgPRBREI on 905 -

e A N R R e IR e e
val ues FQO A description is now given, wifh reference to the
models of foreground component images éhown in Figs. 89
through 91, of an example of the equation generated by tﬁe
‘equation generator‘903 when the number of foregroqnd
10 components is 8, the number of pixels corresponding td the
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 F0l/v through F08/v, the relationships between
15 FO0l/v throuéh FO08/v and pixel values C01 through Cl2 can be
expressed by equations (148) through (159), as stated above.
By considering the pixel wvalues Cl12 and Cl1, the pixel
- value C12 contains only the foreground component F08/v, és
-expressed by equation (181), and the.pixel value_Cii
20 consists of the product sum of the foreground component
F08/v and the foreground component-F07/v. Acqordingly, the
. foreground component F07/v can be found by eduation (182) .

F08/v = Cl12 | (181)

I

FO7/v cli-Cl2 (182)

25 . 8S8imilarly, by cohsidering the foreground componenis



t hrough FO8 from which notion blur is elimnated, as-shown in Fig. 91. The
adj usting portion 905 supplies the foreground. conpo ﬁ%F&H$QQ nsi sting
i]@ca cu atggp _

of the foreground pixel values 20 w thout notion blur

as

descri bed above to a notion-blur adder 906 and a sel ector 907. The
nmoti on-bl ur adder 906 is able to adjust the amount of notion blur by using

the anobunt v' by which notion blur is adjusted, which is different from
t he amount of novenent 25 v, for exanple, the anobunt v' by which notion
is 16 Decenber 2005 - 202 adjusted, which is one half the val ue of

bl ur

the amount of novement v, or the anBB#t-v' by which notion blur is

adj usted, which is irrelevant to the anount of novenent v.
the notion-blur adder 906. 5 divides the foreground pixel
val ue Ficovdiqida et i@ Rlike1byaitie ampuehr¥ughycwhi chrgotion blur is
adjusted so as to obtain the foreground conponent Fi/v'; The notion-blur
~adder 90fotdig iRl Gmploasnthe FREMOthtbaghoregreundncrapesend so¥i /v',

t hereby generating the pixel value in 10 which the anmobunt of notion bl ur

i s adj ustpdrtiloors gianpl ehrovk@dn (1Be) ampaspertibylwhi ch notion blur is

shown in Fig. 84,

For exanpl e,

as

adjusted is 3, the pixel value CO2 is set to (FAQ)/v', the pixel value C3

is set to (FBQ&FO2¥/QLO-€Che pixel value C04 is set to (LBB}+F02+F03)/Vv',

and ghe pi xel value CO5 is set to 15 (FO2+FC3+FO4)/v'.

10

15

20

25

FO5/v = C09-C10 (184)
F04/v = C08-C09 (185)
FO3/v = C07-CO8+C12 (186)
F02/v = C06-C074+C11-C12 (187)
FO0l/v = C05-C06+C10-C11 ' (188)

The equation generator 903 generates the equations for

- calculating the foreground components by the difference

between the pixel values, as indicated'by the examples of
équations (181) through (188). The equation generator 903
supplies the generated equations to the calculator 904.

The calculator 8904 sets the pixel values of the
foreground component image in the equations éupplied-from
the equation generator 903 so as to obtain the foreground
compbnents based on the equations in which the pikel values
are set. For example, when equations (181) through (188)
are supplied from the equatibn generator 903, fhe calculator
904 sets the pixel values CO0S5 through C12 in equations (181)
through (188).

The calculator 964 calculates the foreground components
based on the eqUations in which the pixel values are set.

For example, the calculator 904 calculates the foreground



The notion-blur adder 906 supplies the foreground conponent image in which
the amount of motion blur is adjusted to the sel ectojg Hreop$! ect or
907 selects either the foreground 20 conponent inage wt out nDtlon bl ur
~supplied fromthe adjusting portion 905 or the foreground conponent inmage
in which the anmount of notion blur is-adjusted supplied from..the
noti on- bl ur adder 906 based on a selection signal reflecting a user's

sel ection, and outputs the selected 25 foreground conmponent inmage. 16
Decenber 2005 - 203 As discussed above the notion-blur. adjusting unit
106 is able to adjust the anmpount "of %tl on blur based on the' selection
signal and the anount v' by which notion blur is adjusted. 5 The
processing for adjusting the amount of notion blur of the foreground _
execut edomyohdwet srot 0 DA bt hurowgh UR1 8 Mg, uans tshdd® CorFigurerd assfbwn in Fig.
88 is described belowwith reference to the flowhart of Fig. 92. In step
S901, tée Ume tcafcpraiciesss ngf detwermionsng( 11 poritt@nyDOd &) tie noti on- bl ur
adjusting unit 106 generates the unit of processing based on the notion
vect or @ntch Hehe apiee} nfokums iGH tmbwgippli2sathegeneriteed unit of
processing to the nodel -forning portion 902 and the adjusting portion 905.
15 | n s§@pcsboer tHY s list iy poredommdxaiparrnts FO1/v

5 through F08/v to the adjusting portion 905.

The adjusting portion 205 multiplies the foreground
components supplied from the calculator %04 by the amount of
moveﬁent v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain

10 the foreground pixel wvalues from which motion blur is
eliminated. For example, when the foreground components
FOl/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components F01l/v through F08/v by the amoﬁnt of movement v,

15 i.e., 5, so as to obtain the foreground pixel values F01
through F08 from which motion blur is eliminafed, as' shown
in Fig. 91.

The adjusting portion 905 supplies the,foregroﬁnd
component image consisting of the foreground pixel values

20 without motion blur calcﬁlatéd as described above to a
motion-blur adder 906 and a selector 907.

Tﬁe_motion—blur adder 906 is able to‘adjust the amount -
of motion blur by using the amount v' by which motion blur
is adjusted, which is different from the amount of movement

25 v, for example, the amount v' by which motion blur is



notion-blur adjusting unit 106 selects or generates the nodel according to
the anobunt of novenent v and the unit of processing. i 02665 t he
equati on generator 903 generates, based on the sel ec eg or generated
nodel , the 20 equations for calculating the foreground conponents by the
di fference between:the pi xel values of the foreground .conponent inmage. In
step 5904, the calculator 904 sets the pixel values of the foreground
conponent .image in the generated equations, 25 and extracts the foreground
conponent's by using the 16 Decenber 2005 -- 204 difference between the

pi xel val ues based on the equations 2¥f Wwhich the pixel values are set. In
step S905, the «calculator 904 determ nes whether all the foreground
conmponents corresponding to the unit of processing have been 5 extracted.

If it | saddeisatad nedhilchati sabhet Ra1fFotRgr odnde 6onMpRAcahSutOrse£spondi ng to
the unit of processing have not been extracted, the process returns to
step S9Gbvemmohit ke opr Gmesainngxitorr'e}&yrahibngnd)hﬁoiﬁdﬁbgfoimd conmponents is
repeated. 10 If it is determned in-step S905 that all the foreground
conponertds usdrades phridhng st drirkéeuant ob the ozrssntg fHavevdesnt ext r act ed,
the process proceeds to step S906. In step S906, the adjusting portion 905
adj ust s Feac e xagipliehe abosbgrount EeqpoﬂéntShﬁIm¢b1Q¢wbi@W|é@ﬁﬁm'%w®plled 15

fromthe cal cul ator 904 based on the anpbunt of novement v-so
5 divides the foreground pixel value Fi without motion blur by

the amount v' by which motion blur is adjusted so as to
obtainlthe foreground component Fi/v'. The motion-blur
adder 806 then calculates the sum of the-foreground
components Fi/v'; thereby generating the pixel wvalue in

10 which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
the pixel wvalue €02 is set to (F01)/v', the pixel value C3
is set to (F01+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the pixel value C05 is set to

15 (FO2+F03+F04) /v".

The motion-blur adder 906 supplies the.foreground
component image in which the amount of motion blur is
adjueted to the selector 907.

The selector 907 selects either the foreground

20 component image without motion blur supplied from the
adjusting portioﬁ 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

- 25 foreground component image.



as to obtain the foreground pixel values FAO/v through FO8/ v from which

motion blur is eliminated. In step S907, the notion-b g?ﬁgﬁ
calcul ates the foreground pixel values in which the gﬁ%ﬁn 0 zﬁgfion bl-ur

.20 is adjusted, and the selector 907 selects the inmage w thout notion blur
or the image in which the anobunt of notion blur 1is adjusted, and outputs
the selected inage. The processing is then conpleted. As described above,
the notion-blur adjusting unit 106 25 configured as shown in Fig. H s able
to nore speedily 16 Decenber 2005 - #Zfp _ adjust notion blur of the
foreground i mage containing notion. blur according to sinpler conputations.
A known technique for partially elimnating notion blur, such as a Wener

filter, is e fgg%;ve when being used in the 5 ideal state, but is not
sufficient f IR G Jhishiicte®rakd U€oAtdMSitAgINERdE. PR contrast,

it is proved, that_ the notion-blur adjustin nit 106 configured as shown
inFig — salg%es ?f?@‘é%‘il%“%f%%‘f%e@% 6?0%?%33%11% a5k oy i zed and
cont ai nj ise.. 1t is thus .,possible to 10 eli.m nate .notian bl.ur with high
preci si SRR 501 IR B O I AR 111 3% MR MtdHe  orlf gur at i on.
of the ggfgg“gg of the signal processor 12 when the mxture-ratio .

cal cul ator 104 has the configuration shown in Fig. 63. 15 The el enents

simg ar to Wﬁﬂ§%m%@@@%ﬂd& g a4j3s%ing the amount of motion blur
of the foreground executed by the motion-blur adjusting unit
106 configured as shown in Fig. 88 ié described below with
referehce to the flowchart of Fig. 92. |
In step -S901, the unit—of—processing determining

10 portion 501 of the motion-blur adjusting unit 106 generates
the unit of processing based on the mQtion vector and the
area infqrmation, and supplies the generatéd unit of
processing to the model-forming portion 902 and the
adjusting portion 905.

15 In step S302, the model-forming portion 902 of the
motion-blur adjusting unit 106 selects orjgenérates the
model according to the amount of movement v and the unit of
processing. In step S903, the equation generatér 903
generates, based on the selected or generated model# the

. 20 equations for calculating the foreground components by the
.difference between the-pixel vélues of the foreground
.component image.

In step 5904, the calculator‘904 sets the pixel values
of the foreground component image in the generated equations;

25 and extracts the foreground components by using the



designated with |ike reference numerals, and an explanation thereof is

thus omitted. the area specifying unit 103 supplies a i.nf.or jon to
the m xture-ratio cal culator 104 and a synt hesi zer 105)@66&%%22“ ,

m xture-ratio cal cul ator 104 supplies the mxture ratio a to the

f or egr ound/ background separator 105 and the synthesizer 1001. The

f or egr ound/ background separator 105 supplies the foreground conponent
imge to the synthesizer 1001. 25 The synthesizer 1001 conbi nes a certain
background 16 Decenber 2005 - 206 i e with the foreground conponent

i mage supplied fromthe foreground/gagkground separator 105 based on the
mxture ratio a supplied fromthe m xture-ratio cal culator 104 and the
area information supplied fromthe. area specifying unit 5 103, and outputs
t he syntdieSicaethdemags vaernwhiheh plikelcenllaes bhaekgbauntdei aaget bmes t he

f oreground conponent inmage are conbined. Fig. 94 illustrates the

confi guriat iwdviadf tthiee pisyait ediueer at@0%etA backgtepnd906ppohent gener at or
1021 10 generates a background conponent inage based on the mxture ratio
a and a ®drudiatoradiddr cengrvimgs, whrtthsupphiieshehforbgekgndund conponent
image to a m xed-area-imge synthesizing portion 1022. The

m xed- ar®FHEFE Ss PerresPengd rpoltei hel1op2tcefbPresesibng heabadkggound

conpgnent i mge supplied fromthe background
extracted. TIf it is determined that all the foreground

cdmponents corresponding to the unit of processing have not
been extracted, the process returns to step S904, and the
proceséing for extrécting the foreground components is
repeated.

10 If it is determined in step $905 that all the -
foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step
$5906. 1In step 5906, the adjusting portion 905 adjusts each
of the foreground components F0l/v thrbugh F08/v éupplied

15 from thercalculator 904 based on the amount of movement v so
as to obtain the foreground pixel values FO1/v through F08/v
from which motion blur is eliminated. |

‘In step $907, the motion-blur adder 906 calculates the
foreground piXel values in which the amount of motion blur
.20 is adjusted, énd the selector 907 selects the image wifhoﬁt
motion blur or the image in which the amount of motion blur
is adjusted, and outputs thé selected image. fhe processing
is ‘then completed.
As desCribéd above, the motion-blur adjusting uﬁit 106

25 configured as Shown in Fig. 88 is able to more speedily



conponent generator 1021 with the foreground conponent inage so as to
generate a m xed-area synt hesi zed i mage, and supplies er. d

m xt ure-area synthesi zed inage to an inmage synthesizﬂﬁgﬁf%ﬁ@?8@b€023 20
-The i mage synthesi zer 1023 conbi nes the foreground conponent inmage, the
m xed- area synthesized i mage supplied .fromthe m xed-area-i mage

synt hesi zi ng portion 1022, and the certain background i mge-based on the
area information so as to generate a synthesized i mage, and outputs it. 25
As -di scussed above, the synthesizer ,1Q01 is able to - 207 conbine the

f oreground conponent image wth a cértain background i mge. The inmge
obt ai ned by conbi ning a foreground conponent inage with a certain
background i mage based on the m xture-. 5 ratio a, which is the feature
quant i t 4] apheeesiomrial yatal dhe digegrurd dmageagensbtaingdmbyisinnpl y
conmbi ning pixels. Fig, 95 is a block diagramillustrating another

confi guP BT ACHIrdig fifctimgr &of Qompudiagriginspr ocessor 12  when the

m xture-ratio cal culator 104 has the configuratjion 10 shown in Fig. 49.
The el ement’s K191 dredhd 4Aiss & Yh e § i ie . e Wingina tiges impfak et Bheh. | i ke
reference nunerals, and an explanation thereof is thus omtted. The area
speci f YR (i 2 FEErEhditildetar 45 ieftGatdtconhensbednphasaiitr beati o

Son | AR n e B N9 YarhY¥heone "B u" HEELLT 1 R258! o1l Ator 104
quantized and containing noise. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 88 is sufficiently effective for an actual image.
quantized and containing noise. It is thus possible to

10 eliminate motion blur wifh high precision.

Fig. 93 is a block diagram illustrating another
configuration of the function of the signal processor 12
when-the mixture-ratio calculator 104 has the configuration
shown in Fig. 63.

15 The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

‘The area specifying unit 103 supplies area informatibn
to the mixture-ratio calculator 104 and a synthesizer 1001.

20 The mixture-ratio calculator 104 supplies the mixture
ratio o to the foreground/background separator 105 and the
synthesizer 1001. |

The foreground/background separator 105 supplies the
foreground cdmponent_image to the synthesizer 1001.

25 . The synthesizer 1001 combines a certain background



ratio a to the foreground/ background separator 105 and the synthesizer
1001. The foreground/ background separator 105 suppli e haempaP20603" egr ound
conponent inmage to the synthesizer 1001. The synthesizer 1001 conbi nes a
certain background image with the foreground conponent inage supplied from
the foreground/ background separator 105 based on the m xture ratio a
supplied fromthe m xture-ratio calculator 104 and 25 the.area information
supplied fromthe area specifying unit. - 208 103, and outputs the

synt hesi zed i mage in which the certain background i mage and the foreground
conponent image are conbined. Fig- 98fis a block diagramillustrating
still another 5 configuration of the function of the signal processor 12
for "adjusting the anmount of notion blur. The signal processor 12 shown in

Fig. 4 deguentiiahl yhperbeegsotiRg 8bRBoRRERE! [MAGE < OBST Bbd OFrGGerde
calculation for the mxture ratio a. In contrast, the signal processor 12
shown i HolFiegro96dYBaskgubthanesushyaper f 00 b4 hed asearisdasi iy operation
"and the calculation for the mxture ratio a_ The. functional elenents

sim | ar redivhoseupplihe brooktHeagiatuoé-Fagio dcaleulesognaiecvdth i ke
reference nunerals, and an expl anation thereof is thus omtted 15 An input
i mage i $heuppkeiRednformahighusepphied frahcthatared 1fecEfying unit

f oreground/ background separator 1102, the area specifying unit 103, and

t he dbj 08 -eRbfagutRytantihe 1gynthesized image in which the certain

background image and the foregfound compohent image are
combined.
Fig. 94 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
10 generates a background component image based on the mixture
. ratic o and a certain background image, and supplies the
~background component image to a mixed-area—image
synthesizing portion 1022.
The mixed-area-image synthesizing porfion 1022 combinés
15 the backgrqﬁnd component image supplied from the background
component generator 1021 with the forégroundrcomponént image
so as to generate a mixed—area synthesized image, and
Vlsuppiies the generated mixture-area synthesized image to an
image synthesizing portion 1023.
200 The image synthesizer 1023 combines the foreground
| ~component image, the‘mixed—area synthesized image supplied
from the mixed-area~image synthesizing portion 1022, and the
certain background image baSed on the area information so as
to generate a synthesized image, and outputs it. | |

25 . As discussed above, the synthesizer 1001 is able to




The mi xture-ratio calculator 1101 calcul ates, based on the input image,

the estimated m xture ratio when it-is 20 assuned thaiSBE&QMR&%&B
contained.in the input imge belongs to the covered background area, and

the estimated m xture ratio when it is assunmed that each pixel contained
in the input inmage belongs to the uncovered background area, and supplies
the estimated m xture ratios cal cul ated as 25 descri bed above to.the

f oregr ound/ background separator 1102 16 Decenber 2005 - 209 Fig. 97 is a
bl ock diagramillustrating an exanpl .pt_ the configuration of the

m xture-ratio calculator 1101 shown~1'n Fig_ 96. An estimated-m xture-ratio
processor 501 shown in Fig. 5 97 is the sanme as the

estimated-m xture-ratio processor 501 shown in Fig. 63. An

est i mat eopinG ke rénfegprondssompSENt showe iwi i o Gktisint he sane as the
estimated-m xture-ratio processor 402 shown in Fig. 63. The
estinnl%@ﬁ%ﬁ&QQRQ%#%ﬁQQrprocessor 501 calculates 10 the estinmated m xture
ratio for each pixel by the conputation corresponding to a nodel of the
covered bacdk§r dAGareiadased byn conbipapgt ai kegegranadogepapsenhe ’
cal cul at ed esthﬂﬁted m xture ratio. The estimted-m xture-rati o processor

502 cal CUET &5 -5 4R et MACWIRMUAEYdR e S5t Badihepiméattusy the
OTB! B IR AR AR Rl LSS L, e
compared to an image obtéined by simply combining pixels.

Fig; 95 is a block diagram illustrating another
configuration of the function of the signal processor 12
when the mixture-ratio calculator 104 has the configuration

10 shown in Fig. 49.

The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

The area specifying unit 103 supplies area information

15 +to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture~ratio calculator 104 supplieé the mixture

“ratio « to the foregrouﬁd/background separator 105 and the
© synthesizer 1001. | | |
| The foreground/background separator 105 supplies the
20 fOrégrouhd component‘image to the synthesizer 1001.

The 3ynthésizer 1001 combines a certaiﬁ background

image with the fb;egxound component image supplied. from the
_foreground/béckground separator 105 based on the mixture
ratio a supplied from the mixture-ratio calculator 104 and

- 25 .the_area information supplied from the area specifying unit. -



cal cul ated estimated m xture ratio. The foreground/ background separat or

1102 generates the 20 foreground conponent inage fro i { mage
based on the estimated m xture ratio cal cul ated mhen9§ Qﬁ@&%@%ﬁ%%d t hat .

t he pi xel belongs to the covered background area supplied fromthe _
m xture-ratio calculator 1101, the estimated mxture ratio cal cul ated when
i.t is assuned that the pixel 25 belongs to the uncovered background area
supplied fromthe 16 Decenber 2005 -- 210 - mixture-ratio cal culator 1101
and the area information supplied fromthe area specifying unit 103, and
supplies the generated foreground-céffonent inmage to the notion-blur -
adjusting unit 106 and the selector 107. 5 Fig. 98 is a block di agram
illustrating an exanple of the configuration of the foreground/ background

separ at o103 11024 el £ sysithelsak eto 1inBgse iaf whiieh the certain _
f or egr ound/ background separator 105 shown in Fig. 72 are 10 indicated by
| i ke refBacnpeouruireinades aard thie Ecplkataindncoibeneat ifaybusrom tted. A
sel ector 1121 selects, based on the area information supplied fromthe
area speedrilyimgdunit 103, either the estimated mixture ratio calculated -
when it is assuned that 15 the pixel belongs to the covered background area
supplied  frdmx-h@6niigt ar blpaki disatrzul dt bustitdliny sthisllestriatdtesd mi xture
ratio cal cul ated when it is assuned that the pixel .
configuration of the function of the signal processor 12 for
adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 sequentially performs the area-specifying
operation and the calculation for the mixture ratio a. In
contrast, the signal processor 12 shown in Fig. 96
10 simultaneously performs the area-specifying operation and
the calculation for the mixture ratio a.
The functional elements similar to those in the block
diagram of Fig. 4 are designated with like reference
numerals, and an explanation thereof is thus omitted.
- 15 An input image is supplied to a mixture-ratio
calculator 1101, a foreground/background separator 1102, the
area spebifying unit 103, and the object extracting unit 101.
‘The mixture-ratioc calculator 1101‘calcﬁlates, based on
the input image, the estimated mixture ratio when it is
20 assumed that each pixel contained in the input image belongs
to the covered background area, and the estimated mixture
ratio when it is assumed that each pixel contained in the
input image belongs to the uncovered background area, and

éupplieS'the estimated mixture ratios calculated as

25 described above to the foreground/background separator 1102.



cal cul ator 1101, and supplies the selected 20 esti mat m xture ratio to

t he separating portion 601 as the mxture ratio a. Tﬁg[E@ BQ%%WS porti.on
601 extracts the foreground conponents and the background components from
t he pixel values of the pixels belonging to the m xed area based on 25 the
m xture ratio a supplied fromthe selector 1121 and the 16 Decenber 2005 -
211 area information, and supplies the extracted foreground conponents to
the synthesizer 603 and al so supplies the foreground conponents to the
synt hesi zer 605. The separating pd?ﬁﬂgﬁ'601 can be configured simlarly 5.
to the counterpart shown in Fig. 77. The synthesizer 603 synthesizes the
foreground conponent inmage and outputs it. The synthesizer 605 synthesizes
t he backgr oufidy cdifpairert hilmage dhradyreirt Autisistrat iThe appkixamphleub fadj ust i ng
unit 106 shown in Fig. 96 can 10 be configured simlarly to the counterpart
shown i RhEi gonAiguidel omteOnthd unisdjtst gl aintd 106G tadi UstE tdwamount  of
motion blur contained in the foreground conmponent inmage supplied fromthe
f or egr otAd¥ backy? ound separator 1102 based on the area infornation and the
motion vector, and outputs 15 the foreground conponent inmage in which the
amount of notl &FtiFAafed Rixdjurstadtitheroslessoor 5807 sbhwnninnFEgg. 96

sel%fts 5he , : :
97 is the same as the estimated-mixture-ratio processor 501

shown in Fig. 63. An estimated-mixture-ratio processor 502

shown in Fig. 97 is the same as ‘the estimated—-mixture-ratio
processor 402 shown in Fig. 63. |
The estimated-mixture-ratio processor 501 calculates
10 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio. '
The estimated-mixture-ratio processor 502 calculates
15 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncdvered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/baékground separator 1102 génerates the
'207 foreground component image from the input image based on the
estimated mixture ratid calculated Qhen it-is assumed that
fhe pixel belongs to the covered background area supplied
from the mixtufe—ratio calculator 1101, the estimated
mixture ratio calculated when it is assumed that the pixel

25 belongs to the uncovered background area supplied from the



f oreground conponent image supplied fromthe foreground/ background
separator 1102 or the foreground 20 conponent image iy Whldibel B0saMOUNt Of
notion blur is adjusted supplied fromthe notion-blur adjusting unit 106
based on, for exanple, a selection signal reflecting a wuser's selection,
and outputs the selected foreground conponent image 25 As di scussed above,
the signal processor. 12 shown in 16 Decenber 2005 - 212 Fig. 96 is able to
adj ust the anpbunt of notion blur contained in an inmage corresponding to a-
foreground object of the input imge, and outputs the resulting foreground
obj ect image. The signal processor~121i0having the 5 configuration shown in
Fig. 96 is able to calculate the mxture ratio a, which is enbedded

i nformation, and outputs the calculated mxture ratioc a. Fig. 99 is a

bl ock dingigitarRd-da4sbr akilpal1skbl! 1200t hghg epafigusathsdrricide function of
the signal processor 12 for 10 adjusting the amount of notion blur- The

si gnal- pugasser fidmshawnairBaFsgec4rgeagenhial 1y3 pesh@repphites the
area-specifying operation and the calculation for the mxture ratio a. In
cont r astgertdrea tsidg falreptroaass ebmp2nehewimage Ftg. thd mosisatsneous! y
perforns the area-specifying operation and 15 the calculation for the

m xt ur e adgtisciag Théetf BA6t hodakhel epkatsosi Mfar to those in the bl ock
diagramof Fig. 4 are designated with Like reference

Fig. 98 is a block diagram illustrating an example of
the configuration of the foreground/background separator -
1102.

The elements similar to those of the
foreground/background éeparator 105 shown in Fig. 72 are

10 indicated by like reférence'numerals, and an explanation
thereof is_thus omitted.

A seléctor 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixturé ratio calculated when it is assumed that

15 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
beloﬁgs to the uncovered baékground area supplied from the
mixture-ratio calculator 1101, and supplies the selected

20 estimated mixture ratio to the separating portion 601 as the
mixture ratio a.

The separating portion 601 extracts the foreground
components and the background components from the pixelr

values of the pixels belonging to the mixed arearbased on

25 the mixture ratio « supplied from the selector 1121 and the




nuneral s, and an expl anation thereof is thus onmitted. An input inage is

supplied to a m xture-ratio 20 cal cul ator 1101, a for £o gggﬁé &Fground
separator 1102, the area specifying unit 103, and the ob]ect éxtracting

unit 101. The m xture-ratio calculator 1101 cal cul ates, based on the input
image, the estimated mixture ratio when it is assuned that each'pixe
contained in the input inmge belongs 25 to the covered background area, and
the estimated m xture - 213 ratio when it is assuned that each pixel.
contained in the input inage belongé_to t he uncovered background area, and -
supplies the estimted m xture rati Ical cul ated as described above to the

f or egr ound/ background separator 1102. 5 Fig. 100 is a bl ock diagram
illustrating an exanple of the configuration of the m xture-ratio

cal cul abetalifioshigwhon | Nafd Js P91 i Y @6d it Rd-taX Al L= @by processor 401
shown in Fig. 100 is the same as the estimated-m xture-ratio processor 401

10 shownoinpoiegts 480 Hie esin tind €k &t X408 exrdditd 1 PrAagessds 4h: shown in Fig.
100 is the sane as the estimted-m xture-ratio processor 402 shown in Fig.
49. Thefestgrated- conpoementatto rocegsdresliFlecadsul ates the estinated

m xture ratio for each pixel by the 15 conputation corresponding to a nodel
of the coverlite sSsackgprtomul peartdanbé&daddcean bhecpnﬁmgumﬁdge;mamdrmytputs t he

cal cul ated estinmated mixture ratio..
5 to the counterpart shown in Fig. 77.

The synthesizer 603 synthesizes the foreground
'component image and outputs it. The synthesizer 605
synthesizes the background éomponent image and ocutputs if.

The motion-blur adjusting unit 106 shown in Fig. 96 can

10 be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of |
motion blur contained in theAforeground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs

15 the foreground component image in which the amount of motion
blur is adjusted.

Thé selector 107 shown in Fig. 96 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground

20 component image in whigh the amount of motion blur is
adjusted supplied from the mﬁtion~blur adjusting unit 106
based on, for example, a selection signal‘reflecting.a
user's selection, and outputs the selected foreground
component image.

25 . As discussed above, the signal processor 12 shown in



The estimated-m xture-rati o processor 402 calculates the estimted m xture

ratio for each pixel by the .20 conputation correspong%gg éﬁb eI of the
uncovered background area based on the i nput i nmage, pugs th _
cal cul ated estimated nixture ratio. The foreground/ background separator
1102 generates the foreground conponent inmage fromthe input inmge based
on the 25 estimated m xture ratio calculated when it is assuned that - 214
t he pi xel belongs to the covered background area supplied fromthe

m xture-ratio calculator 1101, the estimated mxture ratio cal cul ated mhen
it is assuned that the pixel belong8lfo-the uncovered background area
supplied fromthe 5 m xture-ratio calculator 1101, and the area information
supplied fromthe area specifying unit 103, and-supplies the generated

f orear ound; COEPARCR MG LGpLhe AR LARUREUL e AGLYSAI B, pni t 106 and the

sel ector I07 The notion-blur~adjusting unit own 1n Fig. 99 can 10 be

, Conf|guﬁﬁﬁhﬁﬂﬂﬂédaﬁEYaho1RQ%eCQHQE%%Béﬁﬁlﬁgoﬁﬁ hnfgrggréundT- j 4@t i on- bl ur
adj usti-ng unit 106 adjusts the anmount of ~notion contained 1n the

- foregroww tgRMEeRRR imABEEe aﬁap@htgdtgreﬁbtBesﬁ9£§9%0§@ﬁ% Pagkay ound
- separator 1102 based on the area information and the notion vector, and °

out put s obj elche itvakegr ovhd eoghanepkotEBE6ri D2WAhenghenanount of mot i on
blur is adjusted.. The selector 107 shown in Fig. 99 selects the foreground
conp@nem@nﬁh@gaa$upplshdwﬁrmn1th. 96 is able to calculate the
mixture ratio @, which is émsedded information, and outputs
the calculated mixture ratio a.
Fig. 99 is a block diagram illustrating still anothef
configuration of the function of the signal processor 12 for
10  adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 sequentially performs the area-specifying
operation and the calculation for the mixture ratio‘a. in
contrast, ﬁhe signal processor 12 shown in Fig. 99
simultaneously performs the area-specifying operation and
15 the calculation for the mixture ratio a.
The functional elements similar to thosé in the block
‘diagram of Eig. 4 are designated with like reference
numefals, and an explanafion thereof is thus omitted.
An input image is supplied to a mixture—ratio
20  calculator 1101, a foreground/background separatorllioz, fhe
| area specifying unit 103, and the object extracting unit 101.
The mixture-ratio calculétor 1101 calculates, based on
thé input image, the estimatéd mixture ratio when it is
assumed that each‘ﬁixel contained in the input image belodngs

25 to the covered background area, and the estimated mixture



f or egr ound/ background separator 1102 or the for eground 20 conponent i mge
in which the anmount of notion blur is adjusted suppli Bd&%ﬂﬁk

not i on- bl ur adjustlng unit 106 based on, for exanple, sel ecti1on S|gnal
reflecting a .user's selection, and outputs the selected foreground
conponent inage. 25 As discussed above, the si gnal.processor 12 shown in

16 Decenmber 2005 - 215 Fig. 99 is able to adjust the amount of notion-blur

contained in an inmage corresponding to a foreground object of the input

i mge, and outputs the resulting forﬁg%ound obj ect image. The signa
processor 12 having the 5 configurat shown in Fig. 99 is able to
:calculate the mxture ratio cx, which is enbedded i nformation, and outputs
the calculated m xture ratio a. Fig. 101-is a bl ock diagran1i||ustrating
anot her ragénf Wherattons odsstheedubbdt omach pheekignalaipratessdhel?2 for 10

combi ning a foreground conponent image with a certain background inage. The

si gnal pRBEEsEBRIE2behowS | o Filge Wacower¢d| backmrdrdrsatdwe, ameh- speci fyi ng
operation and the <calculation for the m xture ratio a. In contrast, the.

si gnal PrBELEEHrthe %ﬁ%ﬁ%aF%dFPQthxﬂ.¥ﬁ#1@ﬁrﬁﬂkQRi%ﬁQQ1@§ispeC|fy|ng
operatlgn and the.calculation for the m xture ratio a in a parallel

manner . S$AET +BRATt RBR%e E?éﬁ%%t%0%ﬁ?ﬁ?%ﬁdfﬁﬁQﬁﬁ%ﬂyqquﬁQRﬁQﬁFQE/1ﬁﬁﬁe bl ock of
Flg5 96 arel§nd|%§h§d by i ke .erence

block iagram illustrating an example of
the configuration of the mixture-ratio calculator 1101 shown
in Fig. 99.
An estimated-mixture-ratio processor 401 shown in Fig.
100 is the séme as the estimated-mixture-ratio processor 401
10 shown in Fig. 49. BAn estimated-mixture-ratio processor 402
shown in Fig. 100 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 49.
The estimated—mixture¥ratio processor 401 calculates
the estimated mixture ratio for each pixel by the
15 computation corresponding to a model of the covered
backgﬁound_area based on the input image, and outputs the
calculated estimated mixture ratio. |
The estimated-mixture-ratio processor 402 calculates
the estimated mixture ratio for each pixel by the
20 . computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
| The foreground/background separator 1102 generates the
foreground component image from the input image based on the

25 estimated mixture ratio calculated when it is_aSsumed that .




nuneral s, and an explanation thereof is thus omtted. 20 The m xture-ratio

cal cul ator. 1101 shown in Fig- 101 calcul ates, based ﬂ?DER% i i'mage,
the estinmated m xture. ratio when it is assuned that eac g#ﬁg#k%ontained

in the input inmage belongs to the covered background area, and the
estimated m xture ratio when it is assuned that each pixel 25 contained -in
the i nput inage belongs to the uncovered 16 Decenber 2005 - 216 background
area, and supplies the estimated mxture ratios calculated as descri bed
above to the foreground/ background separator 1102 and a synthesizer 1201.
The m xture-ratio calculator 1101 S in Firg. 101 can 5 be configured as
shown in Fig. 97. The foreground/background separator 1102 shown in Fig.
101 generates the foregtound conponent image fromthe input image based on
the estiomt edxeilxbelengat to ehbkcubabeddbetkgtdund @ssanBgppiatd t he pi xel
bel ongs to the covered 10 background area supplied fromthe m xture-ratio
cal cul atforom ThelmikherestamdbedabulaterrbldDd, caheubat Bohiwden it i S
assumed that the pixel belongs to the uncovered background area supplied
from t hevlxtarer eatapi catahitatatovhddOdt amdasdlrecdireeat nflor meitiedn suppl i ed
fromthe area specifying unit 15 1034. and supplies the generated
f or egr ot¥gd-c8gEpbAchhe] hageveredt hackynobmed | aega 190dp] e Byawt Hdsd zer 1201
conmbi nes .a certain background inage with the foreground conponent i nmage
. supﬁ?ie&lﬁﬁﬁﬁﬁfﬁéFlo calculator 1101, apd the area information
supplied from the area specifying unit 103, and supplies the
generated foreground component image to the motion-blur
adjusting unit 106 and the selector 107.
The motion-blur adjusting unit 106 shown in Fig. 99 can
10" be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs
15 the foreground component image in which the amount of motion
blur is adjusted.
The selector 107 shown in Fig. 99 Seleéts the
'foreground component image supplied from the
foreground/background separator 1102 or the fofeground
20 component image in which the amount of motion blur is
adjusted supplied from the motion-blur adjusting unit 106’
based on, for example, a selection signal reflecting a
‘ﬁser's selection, and outputs the selected foreground

component image.

25 . As discussed above, the signal processor 12 shown in




foreground/backgfound separator 1102 based on the estimated 20 m xture

ratio calculated when it i's assuned that the pixel ?gﬁ dgie covered
background area supplied fromthe mixture-ratio caIEﬁ*% orh%gﬁl, the .

estimated mixture ratio calculated when it is assunmed that the pixel

bel ongs to the wuncovered background area supplied fromthe mixture-ratio
25 cal culator 11011 and the area i nformation supplied fromthe 16 Decenber
2005 -- 217 area specifying unit 103, and outputs the synthesized i mage

i n-which the background i nage and the foreground conponent inmage are
conbined. Fig. 102 illustrates thé"é%H?rguration of the 5 synthesizer 1201.
The functional elenents simlar to those of the block diagramof Fig. 94
are designated with like reference nunerals, and explanation thereof is

t hus onfFigedd9 Aisehlettotol2@iusel €od samdase b Dmdhin@arnsia:d nf or mat i on
supplied fromthe area specifying unit 103, either the 10 estinmated m xture

‘ratio cepsbhaned wheani image assunespdirhing tthe pisketedrshorhoijedthe cover ed

background area supplied fromthe m xture-ratio calculator 1101 or the
estimat @8l the xiwpet r inage cahod | et epbtherhe trésubissunetb tdwatournide pi xel )
bel ongs to the uncovered background area supplied fromthe 15 m xture-ratio
cal cul afBieqaoimagmd sTppl FEgnahesdewiad 1estavimedhd xture ratio to the
baﬁgground conponent generator 1021 as the mixture ratio a. The background

conponefit fEHEr At 471 19AVB hERWF § %y 15 able to calculate the

mixture ratio o, which is embedded information, and outputs
the calculated mixture ratio a. |

Fig. 101 is a block diagram illustrating another
éonfighration of the function of the siénal processor 12 for.

10 combining a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 93
éerially,performs the area-specifying operation and the
calculation for the_mixture ratio «. In contrast, the
signal processor 12 shown in Fig. 101 performs the area-

15 specifying operation and the calculation for the mixture
ratio o in a parallel manner.

The functional eleménts similar to those indicated by
the block of Fig. 96 are indicated by like reference |
numerals, and an explanation thereof is thus'omitted-

20 ~ The mixture-ratio calculator 1101 shown in Fig. 101
calcul;tes, based on the input image, the esfimated mixture-
ratio when it is assuméd that each pixel contained in the
input image belqﬁgs to the covered backéround area, and the
estimated mixture ratio when it is assumed that each pixel

25  contained 'in the input image bélongs to the uncovered




102 generates a background conponent image based on the 20 nixture ratio a

supplied fromthe selector 1221 and a certain backgroHﬂﬁ nq%%
suppl i es the background conponent inage to the m xed -y ge

synthesi zi ng portion 1022. The m xed-area-image synthesizing portion 1022

shown in 25 Fig, 102 conbines the background conponent inage supplied 16
Decenber 2005 - 218 fromthe background conponent generator 1021 with the
foreground conponent imge so as to generate a m xed-area synthesized

i mage, and supplies the generated m xed-area synthesized inmage to- the

i mage synthesizing portion 1023.-5-Thk6image synt hesi zing portion 1023
conbi nes the foreground conponent inmage, the m xed-area synthesized i nage
suppl i ed fromthe m xed-area-inmge synthesizing portion 1022, and the

backgr owadgregedbased , oAntihgup @éegnEﬁéﬂ@&t@ﬂa§@daﬁlx£9rgeﬂgﬁﬁ5§
synt hesi zed ‘i mage and outputs It. 10 I'n this nanner, the synthesizer 1201

i's ablecthﬁgﬁﬁbﬂeastH@sEQiBGBOHBQvéOHBOBﬁ@tbeE??oMﬁ&Ybébﬁﬁ%ééﬂ@
background image. Fig. 103 is a block diagramillustrating another

confi gusebaeateot tLhe2f unat hosyathtbezsrgnabiprocessor 12 for 15 conbining
a foreground conponent image with a certain background i mage. The signal
processor 12Tshowmixturd+ptBd csbribdtyr per(Dremodhe miFday Saeai fasnng
operation and the calculation for the mxture ratio a. In contrast, the -
5 be configured as shown in Fig. 97.
The foreground/baékground separator 1102 shown in Fig.
101 generates the foregifound componentiimage from the inpﬁt
image based on the estimated mixture ratio calculéted whén
it is assumed that the pixel belongs to the covered
10 background area supplied from thé mixture-ratio calculator
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
afea supplied from the mixture-~ratio calculator 1101, and
the area information supplied from the area specifying unit
15 103, and Suppliés the génerated foreground component image
to the synthesizer 1201. |
The synthesizer 1201 combines a certain background
imagé with the foreground component image supplied from fhe
foréground/background separator 1102 based on the estimated
20 mixture ratio calculated when it is assumed that the pixel
belongs to the covered background area supplied frém the
mixture-ratio calculator 1101, the estimafed mixture ratio
calculated when it is assuﬁed that the pixel belongs to the

uncovered background area supplied from the mixture-ratio

25 cadlculator 1101, and the area information supplied from the




signal processor 12 shown in Fig. 103 perforns the area- 20 specifying

operation and the calculation for the mxture ratio i @t el
manner. The functional elenments simlar to those indi@%?%ﬁ%gﬁgb ia bl ock of

Fig. 99 are indicated by |like reference nunerals, and an expl anati on

thereof is thus omtted. 25 . The mxture-ratio calculator 1101 shown in
Fig. 103 16 Decenber 2005 - 219 calcul ates, based on the input inmage, the
estimated m xture ratio when it is assuned that each pixel contained in

"the input imge belongs to the covered background area, and the estinmated

mxture ratio when it is assumed th&l’%ach pi xel 5 contained in the input

i mge belongs to the uncovered background area, and supplies the estinated
m xture ratios calculated as descri bed above to the foreground/ background
separ atared 12eanfly ting i iesi @) a0 louthe: STitHaU IBitddsa 26l Gelagleor 1101
shown in Fig. 103 can 10 be configured as shown in Fig. 100. The

f or egr oumdv etk grrloei rich dlepasatdrirddd? sshibWwhe 1f dregyroutdB cgepenanes t he

foreground conponent.imge fromthe input inmge based on the estinmated

m xt ur eimage caoal cultatresi when it is assunmed that the pixel belongs to the
covered 15 background area supplied fromthe m xture-ratio cal cul ator
1101, the edtigmtldd dllugteatesi cheakonfagudanhen pf tbe assunmed that the

pi xel bel ongs to the uncovered background area supplied fromthe
m xPur ¥ e idftlor O fuppiional elements similar to those

of the block diagram of Fig. 94 are designated with like
reference numerals, and explanation thereof is thus omitted.
A selector 1221-Selécts, based on the area informatiéﬁ
supplied from the area specifying unit 103, either the
10 estimated mixture ratio calculated when it is assumed that
‘the pixel bélongs to the covered backgrouﬁd area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs. to the uncovered background'area supplied from the
15 mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component
generator 1021 as the mixture ratio o.
The backgrouhd pomponentlgenerator 1021 shown in Fid.
102 generates a background component image Eased on the
20 mixture ratio o supplied from the selector 1221 and a
ceftain background image, and supplies the background
3 component image to the mixedwareaﬂimage synthesizing portion
1022, |
The mixed-area-image synthesizing portion 1022 shown in

25 Fig. 102 combines the background component image supplied




the area information supplied fromthe area specifying unit 20 -103, and

suppl i es the generated foreground conponent image toagg%c ntaﬁﬁgzer 1201.
The synt hesizer 1201 conbi nes a certain background ?%

f oreground conponent inage supplied fromthe foreground/ background
separator 1102 based on the estimated 25 m xture ratio cal cul ated when it
is assuned that the pixel , 16 Decenber 2005 - 220 belongs to the covered
background area supplied fromthe mxture-ratio calculator 1101, the
estimated m.xture ratio calculated when it is assunmed that the pixe

bel ongs to the uncovered background2aBea supplied fromthe m xture-ratio 5
cal cul ator 1101, and the area information supplied fromthe area

speci fying unit 103, and outputs the synthesized image in which the

baCkgrouﬁQm!%ﬁ%eb%Eﬂg&B%nEQE% P%H%ﬁtCQEH%@E@Br hﬁﬁ@ewﬁ%g Eﬁgb'”ed AS

descri bed above, according to the preSe I nvention e mxture ratio

i ndi cat ifeg gt uiiX bBhBotbake idhgd sBl Usakbt Yeab-obLegt §; xsych-as a
background obj ect and%a novﬁngg%bfect |nag§e cgn be de%gcte%r' The

enbodi meyinthasikeanifbgeyssad abpyeiby $RE! hBHekhLedMhxkEAaf8lio a to the
rati o of the background conmponents 15 contained in the pixel values.

However synit@esiixedr émagki QoathBBYmhgeseyntRekheingt horeiohheodor egr ound
conponents contained in the pixel values. The enbodi nent has been
di scussed abBhe byagetsymghédibzing portion 1023 combines the
foreground component image, the mixed-area synthesized image
supplied'from the mixed—area—iﬁage synthésizing portion 1022,
“and the background image based on the area information 56 as
to generaté a. synthesized image and outputs it.
10 In this manner, the synthesizer 1201 is able to combine
- the foreground component image with a certain background
image.
Fig. 103 is a block diagram iliustrating another
configuration of the function of the signal processor 12 for
15 combihing a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 95
serially performs the area—Specifying operation and thé
calcﬁlation for the mixtureée ratic a. In contrast, the
signal prooesSér 12 shown in Fig. 103 performs the area-— -
20 specifying operation and the célculation for the mixture
ratio a in a parallel manner.
The functicnal elements similar to those indicated by
the block of Fig. 99 are indicated by like reference

numerals, and an explanation thereof is thus omitted.

25 . The mixture-ratio calculator 1101 shown in Fig. 103



anihg direction of the foreground object to the direction 20 fromthe

left to the right. However, the noving direction is ggb restri gd to the
sk 200

above-descri bed direction. In the above description, i mage -

having a three-dinmensional space and tine axis information is projected
onto a time space having a two-di nensi onal space 25 and. tine axis
information by using a video canera. However, 16 Decenber 2005 - 2 21 --
the present invention is not restricted to this exanple, and can be
applied to the foll ow ng case. Whenégjgreater anount - of first information

i n one-di mensi onal space is project onto a snmaller amount of second

information in a two 5 di nensional space, distortion generated by the
projection can be corrected, significant information can be extracted, or
‘a nore falovbdbtéespgeasan dr Symtihmgsizethadde sensesrtidated moixtnastricted to
a CCD, and may be another type of sensor, such as a solid-state.inmge 10
capt uri Agtdevien ibriexanpired o£BBD ¢Buic ket xE i gader iDed cie) the CI D (Char ge
I njection Device), or a CPD (Charge Primng Device) ,.or a CMOS h '
( Conpl eteRthr yO(Ee dbe xargie Berthorekend batkarownt amsorandbddienot have,
to be a sensor in which detection devices are arranged in a matrix, and
“may be &SEHRERIJPLF TR B R VENRT okt devideuined Hittampth itHxede line. A

recqrdin diumjn ich a programfor perform ng the signal processing of
t h_e%;)r e%‘g?\{rgjrrr‘ﬁlgnﬂ oﬂ% SR fRPe REFHET dridd ornePsdiesye medi um i n
thCh t£§3£5§gﬁéi éEEa, and supplies the-estimated mixture ratios
‘calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201. |
The mixture-ratio calculator 1101 shown in Fig. 103 can
10 be configured as shown in Fig. 100.
The foreground/background separator 1102 shown in Fig.
103 generates the foreground component_image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
15 background area supplied from the mixture-ratio calculator
1101, the estimated mixture rétio calculated'when it is
assumed that the pixel belongs to the uncovered background
‘area supplied from the mixture-ratio calculator 1101, and
the area information suppliea from the area specifying unit
20 IGB, and supplies the generated foreground component image
torthe synthesizef 1201.
The synthesizer 1201 cémbines a certain backgroﬁnd
_,image with the foregroundrcomponent image supﬁlied from the
foreground/background Separator 1102 based on the estimated

25 mixture ratio calculated when it is assumed that the pixel




recorded, which is distributed for providing the programto 20 a user

separately fromthe conputer, as shown in Fig. 3, Sucﬁi?@m&ﬂﬁx etic disk
51 (including a floppy (registered trade nane) disk) he optical disc 52

(CD-ROM (Conpact Disc-Read Only Menory) and a DVD (Digital Versatile .
Disc)), the magneto-optical disk 53 (including MD (M ni-Disc) 25 |
(registered trade nane)), or the sem conductor nenory 54. 16 Decenber 2005

-- 222 The recording nmediummay al so be fornmed of the ROM 22 or a hard
disk.contained in the storage unit 28 in which the programis recorded,

such recordi ng nedi um bei ng provi ded2€® —the user while being prestored in

the conmputer. 5 The steps formng the programrecorded in a recording
medi um may be executed chronologically according to the orders described

in the. pENekiy ¢at QA cb@@@%@rbaEQ%¥oqﬁdn9EeQa¥§p§91Q§ f{@ﬁuﬁﬁ ina

ti me-series manner, and they may be executed concurrently or individually..

10 Indu:iilﬁdt@reAEQ'th@aEhlLthaﬁ@‘ﬁoB.Q’Ofﬂg tAet BecihsBLai MYLALEONat e M Xture
ratio indicating the m xture state of a plurality of objects, such as a ¢

backgr ouad curagedawden HBViBgaebihfel tABEEtnEapihel LScDeigstes Agcording to
the second invention, the mxture ratio indicating the mxture state of a
pIural|mpcowe@bﬁebaskgsuﬂhd asea bapkyiedndromugies anltkeu r®vidgi ®bj ect
i mge, can be .
5 calculator 1101, and the area information supplied from the
area specifying unit 103, and butputs the synthesized image
in which the background image and the fOreground_componeﬁt
imagé are combined. |
As described above, accotding to the present inventioh,
10 the mixture ratio indicating the mixture state of a
plurality of objects, such as a background object and a
moving object image, can be detected.
The embodiment has been discussed above by setting the
mixture ratio o to the ratio of the background-components
15 contained in the pixel valuesf Howevet, the mixture ratio o
may be set to the ratio of the foreground coﬁponents
contained in the pixel values.
.The embodiment has been discussed above by setting the
moving direction of the foreground cobject to the direction
20 from the left to the right. However, the moving direction
is not restricted to the above—described direction.
In the above description, a real-space image having a
'thtee—dimenSional space and time axis information is

projected onto a time space having a two-dimensional space

25 and. time axis information by using a video camera. However,



detected. 16 Decenber 2005 - 223 CLAIMS ~. An inmage processing apparatus
for processing inmage data which is formed of a predeigEpsidngsér noger of
~pixel data obtained by an inage-capturing device including a 5 -
predet ermi ned nunber of pixels, the pixels having a time integrating
function, said inmage processing apparatus conpri sing: s

rel ati onal - expressi on generating neans for extracting, in correspondence
with a designated pixel of a designated 10 franme of the image data, m xed

pi xel data, which is the pixel daLaQ%F1ymich a plurality of objects
contained in the inmage data are m xed, fromthe designated frame and a
peri-pheral franme around the designated frame in accordance wth a notion
of a foreground object which forns a' 15 foreground of the plurality of

obj ect sthanprassest f brverkienct et i Fesor kelspbnde ndel i etamgHe niaved pi xel
data, background pixel data, which is the pixel data, corresponding to a
backgr otAd ©oBj 2Rl 1w cHe f B el Al 1oabkgrowsrl of Whdte Pplaredtiay agfousdj ect s,

t he background pj xel 20 data, bei ng associated with the correspondi ng m xed:
pi xel ‘Eigt glrﬂ o EPFRAECR 11 PPt FPRME 1R T raRARe fromniiagtethe ni xed, |

pi xel . da{a are. extracted in accordance with a. notion of the background

obj ect ¥0-%s? t T'Yerier dBH DI Ur A TP O I E VR TG i e rieési ons i ndi cati ng
rel%tiqgﬁﬁé&@i&ﬁ%fw§ggég¥adistortion generated by the projection
can be corrected, significant information can be extracted,
or a more natural imége can be syhthesized.
The sensor 11 is not restricted to a CCD, and may be
another type of sensor, such as a solid-state image-

10 - capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection'Device), or a CPD (Charge Priming
Device), .or a CMOS (Complementary Metal Oxide Semiconductof).
Also, the sensor does not have to be a sensor in which |
defection devices are arranged in a matrix, and may be a

15 sensor in which detection devices are arranged in one line.

A recording medium in which a program fof performing
" the éignal-proceésing of the present invention is recorded
may be formed of a package medium-in which‘ﬁhe program ié
recorded, which is distfibuted for providing the program to

‘20 a user separately from the computer, as shown in Fig. 3, |
"such as the magnetic disk 51 (including a floppy {registered
trade name) disk), the optical disc 52 (CD-ROM (Compact
‘Disc-Read Only Memory) and a DVD (Digital Versatile Disc)),
the magneto-optical disk 53 (including MD (Mini-Disc)

25 (registered trade name)), or the semiconductor memory 54.



25 m xed pi xel data and the background pi xel data concerning 16 Decenber
2005 - 224 - the designated pixel; and m xture-ratio teDecdmian26@ans for
detecting a mixture ratio indicating a m xture state of the plurality of
objects in the real world concerning the designated pixel based on 5 the
rel ati onal expressions, wherein said relational -expression generating nmeans
generates the, plurality of relational expressions based on a first
approxi mation in which conponents of the foreground object contained in
the m xed pi xel data change 10 subgtag&iglly linearly with respect to the
positions of the pixels, and a second approximation in which the mxture
ratio of-the m xed pi xel data extracted fromthe designated franme changes
substantially linearly with respect to the positions of the pixels. 15 2.
An i magellf oressidigaaprdiarugaycedsdi bg formkdi mflthef BOMhER oconpri si ng

f or eground/ background separation neans for separating the inmage data into
a f or egrifth Gseconitadged dandhst stgrepeonnytt A8 for whichntihebj ect
components which formthe foreground object in the i mage data and a 20
‘backgr ofPBHedt Fﬁ&@éd@éﬂsP§an§?08Fdéﬁgymﬁ§éR@rBGHGQOEFéﬁﬂﬁedc%%ponents
whi ch fqr.mthe baﬁkgro%nd object in the inage data based on the m xture
rati o corresPStdi A o EH8Y §EEPEREEEJ1PI kBF. C9mPKReFmage processi ng

appagatus aC%Renggpéofgégiﬂélthe program recorded in a recording
medium may be executed chronologically according to the
orders described in thevspecification. However, they do not
have to be executed in a time-series manner, and tﬁey maf be
executed concurrently or individually.
10
Industrial Applicability
According to the ﬁirst inﬁention,'the mixture ratio
indicating the mixture state of a plurality of objects, such
as a backgroqnd image and a moving object image, can be
15 detected. |
According to the second invention, the ﬁixture-ratio
indicating the mixture stete of a plurality of objects, such
as e.background image‘and'a'moving object image, can be

detected.



25 wherein said m xture-ratio detection nmeans detects the 16 Decenber 2005
- 225 mxture ratio by solving the plurality of rel ajd pR@mbeE200ESSI ONS
according to a nmethod of |east squares. 4. An inage processing nethod for
processing imge data which is formed of a predeterm ned nunber of pixel
data 5 obtained by an i nmage-capturing device including a predeterm ned
nunber of pixels, the pixels having a tinme integrating function, said

i mage processing apparatus conprising: a relational-expression generating
step of extracting, 10 in correspondence with a designated pixel of a
designated frane of the inmage data,%m xed pi xel data, which is the pixel
data, in which a plurality of objects contained in the 1inmage data are

m xed, fromthe designated frame and a peripheral franme around the |
designated frame in accordance 15 gisafmMa notion of a foreground object
which forns a foreground of the plurality of objects, and al so of :
extract L ng, AhniGage esponeesteg wppatdieusi ked piroaeds sima@, imdepe kgrieund  pi xel |
data, which is the pixel data, corresponding to a background object which
forns awlichasigfeundd off t heppideginined mijleer sof tiixdlacleground pi xel

data bei ng associ ated with the corresponding m xed pixel data, froma

frame dPPfetesd BYowst Heage apeRrtyr g viecice henchade gt xel data are

extracted in accordance with a nption of the background object, so as to
gené%at%r%d?ﬁ%ﬁ@&??@ ggmber of pixels, the pixels having a time

integrating function, said image processihg apparatus

comprising:
relational-expression generating means for extracting,
in corfespondence with a designated pixel of a designated
10 frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
15 foreground of the plurality of objects, and also for
extracting, in correspondence with the mixed.pixel data,
background pixel data,»which is the pixel data,
_corrésponding to a background object which forms a
background of the plurality of objects, the background pixel
20 data being associated with the corresponding mixed pixel |
data, from a frame different from thé frames from whichrthe
'mixedﬂpiXel_data are extracted in accordance with a motion
of the background object so as to generate a plurality of
relational expressions indicating relationships between the

25 mixed pixel data and the background pixel data concerning



25. relational expressions indicating relationships between the 16 Decenber
2005 - 226 mxed pixel data and the background pi xelgpt@&naepeedsni ng the
designated pixel; and a mxture-ratio detection step of detecting a m xture
ratio indicating a mxture state of the plurality of objects 5 in the rea
‘world concerning the designated pixel based on the relational expressions,
wherein in said rel ational -expression generating step, the plurality of

rel ati onal expressions are generated based .on a first approximation in

whi ch conponents of the 10 foreground _qgbject contained in the m xed pi xel
data change substantially linearly %@ﬁh*respect to the positions of the

pi xel s, and a second approximation in which the mxture ratio of the m xed
pi xel data extracted fromthe designated franme changes substantially

| i near wtlid dessippeitdd tilke1l5apasi tions of the pixels. 5. An inmage
processi ng nmethod according to claim4, further '

conpri si ng- anfigtegecuntibadkyeotndnsepanat fon déepcoing sepatatury t he i mage
data into a foreground object inmage consisting of only the foreground :
obj ect corpendmds.ofttiicly a2@ikdumet Iséatter egr tirdpdbretitinofhebjamge dat a
and a bapk%&ﬁfnd obj ect image consisting of only background object
conmponent’s dedflomiarlide coackgnéngd tbls desipnathd pimgk bdatd dased on the

nixtgre rati o corresponding to the designated pixel
the relational expressions,

wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which components of the foreground
object contained in the mixed pixel data change
+ 10 substantially linearly with respect to fhe positions éf the
pixels, and a second approximation in which the mixture
ratio ofﬂﬁhe mixed pixel data extractea from the designated
frame changes substantially linearly with respect to the
positions of the pixels.
15 2. BAn image processing apparatus according to claim 1,
further comprising foreground/background sepération means
- for separating the image data into a foreground object image
consistiné of only the foreground object components which
form the foreground object in the image data and a
20 -baCkground object image consisting. of only background objéct.
components which form the background objeét in the image
data based on the mixture ratioc corresponding to the
designated pixel. |
3. An image processing apparatus according to claim 1,

25 wherein said mixture-ratio detection means detects the




25 6. An image processing nmethod according to claim4, wherein - 227 in
said mxture-ratio detection step, the mxture ratio jgneQaiREIGH bY

solving the plurality of relational expressions according to a nethod of

least squares. 7. A recording nmediumin which a conputer-readable program

5 is recorded, said programbeing used for processing inmage data which is
formed of a predeterm ned nunber of pixel data obtained by an

i mge-capturing device including a predeterm ned nunber of pixels, the
pixels having a tine integrating function, said programconprising: 10 a
rel ati onal - expressi on generating §t@850F‘extracting, in correspondence with
a desi gnated pixel of a designated frame of-the i nage data, m xed pixe
data, which is the pixel data, in which a plurality of objects contained
in the mixegee dedtai g, Ndodedind rra tglendasitghaifeddr=animmnd a- 15 peri pheral
frame around the designated franme in accordance wth a notion of a

f or egr oexplreds sots wWiahrdiorgreca a erdgrdurid lIefastthesqplanread ity of obj ects,
and al so of extracting, in correspondence with the m xed pi xel data,
backgr otind i xielagiatocss ing snathedificel pdatce s sAfvge dmagspoladiang to a
background obj ect which forms a background of the plurality of objects,

t he backgk@unss piomled ¢t & ety tasgyaiest egmjerh ath@isedr dgdendi ng ni xed

pi xel data, froma frame different fromthe frames from which the m xed

pi xel Rt &kt adk tidp daT ERierdast daiitae 4R N S of the background

object, so as to generate a plurality of L . .
predetermined number of pixels, the pixels having a time

integrating function, said image procgssing apparatus
coﬁprising:
a relational-expression generating step of extracting,

10 in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is‘the
pixel data, in which a piurality of objects contained in the
image data are miXed, from the designated frame and a
peripheral frame around the designated frame in accordance

15 with a motion of a foregﬁound object which forms a
foreground of the plurality of objects, and -also of
extracting, in cOrrespondeﬁce wifh the mixed pixel data,
background pixel data, which is the pixel data,
cofresponding to a background object which forms a

20 background of the plurality of objects, the background pikei
‘data béing associated with the corresponding mixed pixel
data, from a frame different from the.frames f;om which the
mixed pixel data are extracted in accordance with a motion
of  the background object, so as tq generate a plurality of

25. relational expressions indicating relationships between the




16 Decenber 2005 - 228 relational expressions indicating relationships

bet ween the mi xed pixel data and the background pixel data coa ning the
desi gnated pixel: and a m xture-ratio detection step of E?E@Fiﬁgsa m xture
5 ratio indicating a mxture state of the plurality of objects in the rea
wor |l d concerning the designated pixel based on the relational expressions,
wherein in said rel ati onal -expression generating step, the plurality of

rel ati onal expressions are generated based 10 on a first approximation in
whi-ch' conponents of the foreground object contained in the m xed pixel data
change substantially linearly wth 4€spect to the positions of the

pi xel s, and a second approximation in which the mxture ratio of the m xed
pi xel data extracted fromthe designated 15 frame changes substantially

linear wiitdedr psReat dh@at had PRSI bheRgrefind hei R XelSta &orkd@Geidi ng medi um
according to claim7, wherein said programfurther conprises a
f oregr owhe/ deckgnetad pe&palatanad step of separating the inmage data into a
foreground object 20 i mge consisting of only the foreground obj ect
conponent s ahhthtioenrdheo fdesegrtoimd saigrectt idetidoxingagemdatarand a
background obj ect image consisting of only background object conponents
whi ch f setithenBackgiognd vbiktutrei stabe dhugee natm biased Debjleets xt ure
rati o corresponding to the 25 designated pixel..
5 in the real world concerning the designated pixel based on
the relational expressions,
wherein in said relaticnal-expression generating step,
the plurality of relational expressiohs are generated based
-on a first approximation in which components of the
10 foreground object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
frame changes substantially linear with respect to the
15 positions of the pixels.
5. An image processing method according to claim 4, further
comprising'a-foreground/background separation step of
sepafating the image data into a foreground cbject image
consisting of only the foreground object components which
20 form the foreground object in the image data and a
background object image consisting of only background object'
components which form the background object in the image
data based on the mixture ratio corresponding to the

designated pixel.

25 6. An image processing method according.to claim 4, wheiein




16 Decenber 2005 - 229 9. A recording nmediumaccording-to claim?7, wherein

in said mxture-ratio detection step, the mxture rati@pksntRkecird by
solving the plurality of relational expressions according to a method of

least squares. 5 10. A programfor allowi ng a conputer for processing inage

data which is fornmed of a predeterm ned nunber of pixel data obtained by
an i mage-capturing device including a predeterm ned nunber of pixels, the
pi xel s having a tine integrating function, to execute: 10 a

refl ati onal - expressi on generating step _of extracting, .in correspondence

‘Wi th a designated pixel of a designgtzgd‘frarre of -t he i mage data, m xed

pi xel data, which is the pixel data, in which a plurality of objects
contained in the imge data are m xed, fromthe designated frame and a 15
peri pheial s t@neiarotma dthie desdegiaiaad faaime dde accudaneativi tik a notion
of a foreground object which forns a foreground of the plurality of

obj ect sdebadtad soy ofolwixtg ddtd md,udat idor rees peridaniemali eixptred siioxed pi- xel

- data, background pixel data, which is the pixel data, 20 corresponding to a

backgr cameoobirattatd aretfrordw fa ledsdr kgnoured .of the plurality of objects,.
t he background pixel data being associated with the correspondi ng m xed

pi xel Hatad FeemdinT arpstigin figr eftich emadredteamasabebdewpirobrefe i xed
pi xel data are extracted in accordance with a notion 25 of the background
obj ect b ZRCUfbn ek RFSIL@abippfused for processing image

data which is formed of a predetermined number of pixel data
obtained by an image—capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said program comprising:

- 190 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a deéignated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in tﬁe
image data are mixed, from the designéted frame and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which fdrms a
fdregrbund of the plurality of objects, and also of
exfrécting, in cbrrespondence with the mixed pixel data,
backgroundrpixel data, which is the pixei data,

20 corresponding to a background object which forms a
background of the;plurality of objects, the background pixel
data being associated with the éorresponding ﬁixed ﬁiXel ;
data,_from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a mdtibn_

25  of the background object, so as to generate a plurality of .




16 Decenber 2005 - 230 relational expressions indicating relationships

between the m xed pixel data and the background pi xejs patani?R66y Ni ng the
designated pixel; and a m xture-ratio detection step of detecting a m xture
5 ratio indicating a m xture state of the plurality of objects in the rea

~worl d concerning the designated pi xel based on the relational expressions,
wherein in said rel ati onal -expression generating step, the plurality of

rel ati onal expressions are generated based 10 on a first -approximation in

whi ch conmponents of the foreground object contained in the m xed pixel data
change substantially linearly with gegpect to the positions of the

pi xel s, and a second approximation in which the mxture ratio of the m xed

pi xel data extracted fromthe designated 15 frame changes substantially

[ near W EHH6CL L0CLNGop PIRHLEANT AN LIS PLKE) Foc Lioc AR oG

according to'c artheér “conpri si OT €gr 0 ackgroun

separ at iyfn 3§ ¢A ,Qfi gggﬁrghhngﬁghggfg rggnga%gféft&é@af85§%%§H§ﬁ?object

i mge consisting of only 20 t oun ect conpon ch formthe

foreground JRigehtbh bhgehmaggqdata and a background object image
consi sting of only background object conponents which form the background

obj ect in thg hiRgerdatarPaseeiOPtihe My We adrdldtdiPrd esRandicng to the
designated pixel. 25 12. A program according to claim 10, 'wherein in said
5 ratio indicating a mixture state of the plurality of objects
in the real world cqngerning the designated pixel based on
the relational expressionsf
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on a first approximation in-which components of the
foreground object contained in the mixed pixel data change
substantially linearly with respect to the posifions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designéted
15 frame changes substantially linear with respect to the
positions of the pixels.
8. A recording medium according to claim 7, wherein saidr
pregram further comprises a foreground/background separation
step of separating the image data into a foreground cbject
20 imége consisting of only the.foreground object components 
which form the foreground object -in the image data and a
background object image consisting cf only baékground object
coﬁponents which form the backgrouﬁd object in fhe'image
data based . on the.mixture ratio corresponding to the

25 designated pixel.



16 Decenber 2005 - 231 mxture-ratio detection step, the mxture ratio is
detected by solving the plurality of relational exprgspeoRsheaoo®y ding to
a nethod of |east squares 13. An inmge-capturing apparatus conprising: 5

i mage-capturing nmeans for outputting a subject imge captured by an

i mge-capturing device including a  predeterm ned nunber of pixels having a
time integrating function as inmage data consisting of a predeterm ned.
nunber -"of pixel data; 10 rel ational -expression generating neans for
extracting, in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel22®ata, which is the pixel data, in
which a plurality of objects contained in the 1inage data are m xed, from
the designated frame and a 15 peri-pheral frane around the designated frane

i n accopdangeredbtd iy MLd Ol of c b FOIRPHQHNA 0k eCct waieh of QLNMBadg
foreground of the plurality of objects, and also for. extracting;, in

corr espapdence-wit b tderdd-xash pivd, daladmiBaskedr Qurd obipseliedataeqwhi ch is
the pi xel data, 20 corresponding to a background object which fornms a

backgr copdsoivime fHermlutayl ofy ol estiscidhe) kagkeseuadsphxebrddaga being
associated with the corresponding m xed pixel data,.froma franme different
from t heofa ameishdd anfl vileacdt tdenareced pi xel data are extracted in accordance
with a notion ‘ :
5 10. A program for allowing a computer for processing image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:
i0 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated framé-and a
15 peripheral frame around the designated frame in accordance
with a motion of a foreground object'which'forms a
foreground of the plurality of objects, and also of
extr&cting, in correspondence with the mixed pixel data,
background pixel data, which is thé pixel data,
20 corresponding to a background object which fofms a. .
backgréund of the plurality of objects, the_background pixel
 'data being associated with the corresponding mixed pixel
dété, from a frame different from the fraﬁes from wﬁich-the

mixed pixel data are extracted in accordance with a motion

25 of the background object so as to generaté a plurality of




25 of the background object so as to generate a plurality of - 232

rel ati onal expressions indicating relationships betwe LS bt pi xel
data and the background pi xel data concerning the deg?gnatéﬁfggggl; and

m xture-ratio detection neans for detecting a mxture 5 ratio indicating.a
m xture state of the plurality of objects in the real world concerning the
desi gnat ed pi xel based on the relational expressions, wherein said

rel ati onal - expressi on generating neans generates the plurality of
retational expressions based on a 10 first approximtion in which
conponents of the foreground .objeet2sontained in the m xed pixel data
change substantially linearly with respect to the positions of the

pi xel s, and a second approximation in which the mxture ratio of the m xed

pi xel data gxtiagt %gclpfr[e%@titﬁg% 65k 998t 6g %ggééigﬁggﬁgggﬁgpéggﬁt%’i‘éi ally

linearly wth respec positions©o :

| mage- captd B APRALAt USAGRAr Bgegﬁgeugg%m% dakyr LB8E. £OIRL T Si Ng

f or egr ound/ background separation nea r-separating the rmge data into

a foregroindihicecl uMpe%e30 g@Asi sting of only the foreground. object
components which formthe foreground object in the i mage data and a

background ohj RektiPBILatORSHSLEAELOh Py backaresnthl gty amponent s
whi ch formthe background object in the inmage data based on the m xture
rati b camtdspdndiegtiagt hemiZbudeskgaakedrptnel plurality of objects
in the real wérld concerning the designated pixel based on
_ fhe relational expressions,
wherein in said relational-expression generating step,
the plurality of relational expréssionsrare genérated based
10 on a first apprdximation in which components of the
foreground object contained in the mixed pixel data change
substantially linearly wiﬁh'respect fd the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
15 frame changes substantially linear with respect to the
positions of the pixels.
ll1. A program according to claim iO, further;comprisingra
'fore§round/background‘separation step of separating the
image data into a foreground object image consisting of only
20  the foreground object_components which fofm the foreground
object in the image data and a background object image
consisting of only background object components which form
thé backgréuhd object in the image data based on the mixture
ratio corresponding to the designated pixel..

25 12. A program according to claim 10, wherein in said




-. 233 15. An i mage-capturing apparatus according to claim13, wherein

said mxture-ratio detection neans detects the niXtUﬁﬁD&ﬁh%QIQMﬁSO|Ving
the plurality of relational expressions according to a nethod of |east

‘'squares. 5 16. An .inmmge processing apparatus for processing inage data .
which is formed of a predeterm ned nunber of pixel data obtained by an

i mage-capturing device including a predeterm ned nunber of pixels, the

pi xel s having a tine integrating function, said i mage processi ng appar at us
10 conprising:. relational-expression generating neans for extracting, in
correspondence with a designated-pi el of a designated frame of the image
data, pixel data of a peripheral frane around the designated frane as
background pi xel data 15 corresponding to a background object of a

pl ural inyxoire-ofd€cd defedtlioon e dais rald@lsSeaitdb @X%t Haekngd :
designated pixel..data of the designated pixel and proximty pixel data of.

a. pi xelby | oshtady ithee gsecgiriceg i waliddidizge <dpsiegrabed pxelkdifgt he
designated frane so as to generate a 20 plurality of relational expressi-ons
i ndi cattoge med @tadrshijEsastofsdueeredesi gnat-ed pi xel data, the proximty pixel
data, and the background pixel data corresponding to the designated - pixel
dat a orlihe Ar oviade-ycaptuetingatepreaadersnicogpitie indesi gnat ed pi xel ;. and 25
m xture-rati o detection neans.for detecting a m xture 16 Decenber 2005
5 image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined nnmber of pixeis having a time integrating
function as image data consisting of a predetermined number
of pixel data;
10 ~ relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
imege data are mixed, from the designated frame and a
15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for
extrecting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,
20 corresponding to a background object which forms a
background of the plurelity‘of cbjects, the background pixel
data being associated with the correSponding mixed pixel
data, from a frame different from the frames‘frdm which the"

‘mixed pixel data are extracted in accordance with a motion

25 of the background object so as to generate a plurality of




-.234 ratio indicating a mxture state of the plurality of objects in
the.real world concerning the designated pixel based pdipetdifnd:20@ i onal
expressions, wherein said. relational-expression generating neans 5
generates the plurality of relational expressions based on an
approximation in which the mxture ratio corresponding to the de5|gnated

pi xel and the proximty pixel is uniform 17. An inmage. processing apparatus
according to claim16, wherein said relational-expression generating neans
10"generates the plurality of relatlonal expressi ons based on an |
approxi mation i n which conponents of 232 foreground object of the plurality

of objects contained in the designated pixel data and the proximty pixel
data are uniform 18. An image processing apparatus according to claim 16,
15 wher edal adsicthalelegpiresalioaxspriesdicat iggneeabtNgnBRAPS beekesat €5 t he
plurality of relational expressions based on ‘an approximtion in which
conponemtiscest pd xfedr dgtaunddolthec bacatyrbhedppikal.i dytaf cobgeeh sngont ai ned in
t he designated pixel data and the proximty pixel data change , |
subst anttife Idps2gnhitedapiiyedi;t hndespect to the positions of the pixels. 19. -
An i mage processing apparatus according to claim16, further conprising

f or egr ound/ bﬁék@?@%ﬁage@aﬁewgﬁlmmaw ofoeebete@tlng; tehendixtage data i nto

a foreground object image consisting of only the foreground object
conﬁ%neﬁ?§lﬁh989195tﬁﬁgnﬁtWéXFHFégﬁoéﬁG 65]6%? Phurabityegle Qkitecthd a 16

Decenber, 2
- in %ge real world concerning the designated pixel based on

the relational expressions,
wherein said relaﬁional~expression generating means
generates the plurality of relational expressions based on a
10 first approximation in which components of the foreground
object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture |
~ratio of the mixed pixel data extracted from the designated
'715 frame changes substantially linearly with respect to the
positions of the pixels. |
14. . An.image;capturing'apoaratus according to claim 13,
further cOmprisiog foreground/background separation means
for separating the 1mage data into a foreground object image
.20 consisting of only the foreground objeot components Wthh
_form the foreground object in the image data and a
-background object image consisting of only background object
components which form the background object in the image
oata based on the mixtore ratio corresponding to the

25 -designated pixel.



235 .background obj ect i mge éonsisting of only background obj ect
conponents which formthe background object in the i nggecéabed208$ed on the
m xture ratio corresponding to the designated pixel.. 5 20. An inage

processi ng apparatus according to claim 16, wherein said mxture-ratio

detection neans detects the mxture ratio by solving the plurality of
rel ati onal expressions according to a nethod of |east squares. 21. An

i mage processing nethod for processing i mage data 10 which is formed of a
predet erm ned nunber of pixel data Qggalned by an image-capturing device
including a predeterm ned nunber of“prxels, the pixels having a tinme -
integrating function, said inmage processing nethod conprising: 15 a

rel ati onal - expressi on generating step of extracting, in corréspondence
with a desi ghAat édapiexebptfirdandespgantedsf nanerdingheoi abgiéndel a4, pi xel data
of a peripheral franme around the designated frane as background pixel data
cor r esp¥h8IrAagnt saadbmikgroendabbpedetettiopl ueahist ebfcd divgects. of the

i mage data, and also of extracting designated pixel data of the designated
pi xel aRd¥pEERI ARtYOpbXepoduing bheappixelitvcafetelatEdose proxinty with .
the designated, pixel in the designated frane so as to generate a plurality
of rel afFBREFSERPFedsraRdinddieat i mgtihedapfohedfbssenarde. 25 desi gnat ed

pixe% dg%a, ghe. roxinitx gixel data, and the 16 Decenber 2005
. n-image protessing apparatus for processing image data

which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number ofrpixels; the bixels having s timel
integrating function, said image processing apparatus
10 comprising:.
relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
15 correspcnding to a background object of a plurality of
~objects of the image data, and also_for extrecting
designated pixel.data of the designated pixel and proximity
pixei data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generate a
20 plurality of relatiosal expressions indicating relationships
of the designated pixel date, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
~designated pixel;. and

25 . mixture-ratio detection means for detecting a mixture



.-- 236 background pixel data corresponding to the designated pi xel data
or the proximty pixel data concerning the designatedjs pe&hber 2065 2

m xture-ratio detection step of detecting a mxture 5 ratio indicating a
m xture state of the plurality of objects in the real. world concerning.
t he desi gnated pi xel based on the relational expressions, wherein in said
rel ati onal - expressi on generating step, the plurality of relational.
expressions are generated based 10 on an approximation in which the

m xture ratio corresponding to the designated pixel and the proximty pixel
is uniform 22. An inmge processingZdéthod according to claim 21,

wherein. in said relational -expression generating step, the plurality of
rel ati onal expressions are generated based on 15 an approxi mation in which

conponenatiaf imdientghouadmakjrect sehtkherplukabitiya@itpbhectsseepsai ned in
the designated pixel data and the proximty pixel data are uniform 23. An
i mage prigcdssi ngatetbaed dacoacdirag no thkades2dnatvebiepekal i Basad don

rel ational -expression generating step, the 20 plurality of relational

expr essitdyes rarletdonedatsdreasédnen an approxi mati on in whi ch conponents of
a foreground object of the plurality of objects. contained in the -
desi gnat ed piheregat sadfidrehet prox]l nexyres xedn datreectizinge msadist anti al | y.
linearly with respect to the positions of the pixels. 25 24.. An image

pr ocess FRg SFeitrsd thecBlaradity efarmiationsl Desprbesioggsbased on

an approximation in which the mixture ratio corresponding to
the designated pixel and the proximity pixel is uniform.
17. An image processing apparatus aCcérding to claim 16;
‘wherein said relational-expression generating means

10 generates the plurality of relafional expressions based on
an approximation in which components of a foreground object
of thé plurality of objects contained in the designated
pixel data and the proximity pixel défa afe uniform.

18. An image processing apparatus adcording to claim 16,

15 wherein said relational-expression generating meané
generates the plurality of relational éxpressions based on
an approximation in which components of‘a foreground abject
of.tﬁe plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially

20 linearly with respect to the.positions of the pixels.

19. An image processing apparatus according to claim 186,
further comp:ising.foreground/background separation means
for separating the image data into a foreground object image
consisting of only the foreground object components which

25 form the foreground object in the image data and a




-- 237 further conprising a foreground/ backgr ound separation step of.
separating the inmage data into a foreground object i ngySeceriyaph@is Ng of
only the foreground object conponents which formthe foreground object in

the inmage data and a 5 background object inage consisting of only

background object conponents which formthe background object in the inmge
data based on the m xture ratio corresponding to the designated pixel. 25.
An i mage processing nmethod according to claim?21l, 10 wherein in said
mXxture-ratio detection step, the mxture ratio is detected by solving the
plurality of relational expressi on< 3 cor di ng to a nmethod of | east

squares. 26. A recording nediumin which a conputer-readable program is
recorded, said program being used for processing inmage data which is

f or med ledclagps@cet e e diompbetornd i i ey cbtehl wHaikigduid abject

i mage--capturing device including a predeterm ned nunber of pixels, the

pi xel s ¢tampargeracd iwkeich nfeagr athan@dakptdon] @Esiattpriogrda domaga Si ng: a
rel ational -expressi on generating step of extracting, in correspondence
with a desd dreiedtl @i x8le ofiatwesigriEiedcoframerdinched mhge data, pixel
data of a peripheral frame around the designated frame as background pi xel
data c&reeFporril il a background object of a plurality of objects of
the i mge data, and al so of extracting designated 25 pixel data of the
desPgnat®d PhHkelmagfi BAsETAINE HDRAT ATt 2CRp Hdaenter cleds 16,
wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.
21. An image processing method for processing image data
10 which is formed of a predetérminéd number of pixei data
oﬁtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said imagé processing method
comprising:
15 a ;elational—expression generating step of extracting;
in correspondence with a designated pixel of a designated
frame of the imagé data, pixel dataVOf_a peripheral fkame
'arouﬁd the designated frame as backgfound pixel data
corresponding to a background object of a plurality of
20 objects of the image daté, and also of extracting designaﬁed
pixel data of the designated pixel and proximity pixel data
of a pixel located in close proximity with the designated
pixel in the_designated frame so as to generate a plurality

of relational expréssions indicating relationships of the

25 designated pixel data, the proximity pixel data, and the




-. 238 of a pixel located in close proximty with the designated pixel in
the designated frame so as to generate a plurality ofgpetite2@0s
expressions indicating relationships of the designated pixel data, the
proximty pixel data, and the 5 background pixel data corresponding to the
designated pixel data or the proximty pixel data concerning the
designated pixel; and a mxture-ratio detection step of detecting a

m xture ratio indicating a mxture state of the plurality of objects 10
inthe real world concerning the, designated pixel based on the rel ational
expressions, wherein in said rel ati oh¥# -expressi on generating step, the
plurality of relational expressions are generated based on an
approximation in which the mxture ratio corresponding 15 to the designated
pi xel apdcikfeoRh@XpIkEY BAXE! chber¥BhRiMg €F - theT 86O GhAPeargsli LM accor di ng
to claim 26, wherein in said relational-expression generating step, the

plural i tyeaf orr ehat hPAREmEXPr B58EDNSa B4 cBePeF Rl LY DRS ede STyt ed

~approxi mation in which conponents of a foreground object of 20 the

pluralipyxefl;obphacts contained in the designated pixel data and the
proximty pixel data are uniform 28. A recording nmedium according to clai'm
26, wherei n a missairk-fed@io ol ewxipre $Hepn ofertaddtithStee pixtueepl ural ity
of relational expressions are generated based on an 25 approximtion, in
whi ¢ch coapénehngdiodtangor egivtmoe obfxint of tI6e QebendkitR 005 objects
in the real world conéerning the designated pizel based on
the relaticnal expressions, |
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on an approximation in which the mixture ratio cdrresponding
to the designated pixel and the proximity pixel is uniform.
22. An image processing mefhod according to claim 21,
wherein in said relational-expression geﬁerating step, the
‘plurality of relational expressions are Qenerated based on
15 an approximation in which compenents of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximiﬁy pixel daté are uniform.
23. .Ah image'processing.mefhod accordiﬁg to claim 21,
wherein in séid relational-expression generating step, the
20 plurality of relationél eﬁpressions are generated-based on
Aan approximatioﬁ in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially .

linearly with respect to the positions of the pixels.

25 24.. An image processing method according to claim 21,




-.239 10 the plurality of objects contained in the designated pixel data
and the proximty pixel data change substantially I| 5%¥n Y bog espect to
the positions of the pixels. 29. A recording mediumaccording to claim 26,
wherein said program conprises a foreground/ background separation step of
separating the image data into a foreground object inmage consisting of
only the foreground object conponents which formthe foreground object in
- the image data and a background object image consisting of only background
object conmponents which formthe bacgground object in the imge data
based on the mxture ratio correspofdihg to the designated pixel. 30 A
recordi ng medium according to claim26, wherein in said mxture-ratio
detection step, the m xture ratio is 15 detected by solving the plurality
of rel atuofigdr CXRNESES DRG a ARG \thd adkFRdhod Sdpd eastosGaes. . 31. A
program for allow ng a conputer for processing inmage data which is fornmed
of a preflet@sainethqueherimigpidata daito Hbt@iapcblnyd asbjdamgeneant uri ng
devi ce including a 20 predeterni ned nunber of pixels, the pixels having a
time ictregisting diinciiwnthd of cexertdiend o pdait | aomgborexpresdiiath gener at i ng
step of extracting, in correspondence with a designated pixel of a

desi gnatedn thaneooéigrhmd migiedatis helnals edofa aperd pheral frame 25

around the designated frane as background pi xel data ‘
5 background object image consisting of only background object g

components which form the background object in the image

data based on the mixture ratio correéponding to the
designated pikel.
25. An image processing method according to claim 21,

. 10 wherein in said mixture-ratio detecﬁion step, the mixture
ratio is detected by solving the plurality of relational
expressions according to a method of least squares.

26. A recordiné medium in which a c6mputér—readable program
is recorded, said program béing'used for processing iﬁage
15 data'which is formed of a predeterﬁined number of pixel data
obtained by an'imagemcapturing;devicé including a
predetermined number of pixels; the pixels having a time
intégrating‘function, said progrém Comprising:
a relationai—expression generating step of extracting,
20 in Corréspondence ﬁithra designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designatéd frame as background pixel data.
corresponding to a béckground object of a plurality of
objects of the image data, and also of extracting designated

25 pixel data of the designated pixel and proximity pixel data



16 Decenber 2005 - 240 corresponding to a background object of a plurality

of objects of the image data, and al so of extracting £ ?éﬁmﬁ* gqspnxel
data of the designated pixel and proxinmty pixel data a pi xel located
in close proxinmty with the designated 5 pixel in the designated frane so
as to generate a plurality of relational expressions indicating

rel ati onships of the designated pixel data, the proximty pixel data, and
the background pi xel data corresponding to the designated pixel data or
the"proximty pixel data concerning the designated 10 pixel; and a

m xture-ratio detection step of dete¢¥8ng a mixture ratio indicating a .
m xture state of the plurality of objects in the real world concerning the
desi gnat ed pi xel based on the relational expressions, 15 - wherein in said

rel ationg a%a&%&s'leeaeeaemt ENgsat BPox ik Mey P UER! £1Y @ési&x‘x@éé&”m
expressions are generated based on an approximation in which the mxture

rati o cerikeypendicRg gk9ifhetrdaskgnabedophxeloagendhecdre pﬁ&i&lﬂﬁ el is
uniform 32. A program according to claim 31, wherein in said

rel ati ond re1ptesahdnegppesaibng sha@pcathegpleratidyseipsret a&n@nal
expressions are generated based on an approximation in which conponents of

a foregdesidnabpdcphinblt fetal uthki pyorimbby episeL ofdeh neshnd ntlidie desi gnat ed
pi xel data and the proximty pixel data are uniform 25 33.. A program
acco?d di hgckgrolaidnp3tel wietei nornesppdding to the designated pixel
data or the proximity pixel data concerning the designated
pixel; and
a mixture-ratio detection step of detecting a mixture
-ratio indicating a mixture state of the plurality of objects
10 in the real world concerning the designated pixel based on
the relational expressions,

_whereinrin said relational-expression generating step,
the plurality of relatiomnal expressions are generated based
on an approximation in which the mixture ratio corresponding

15 to the designated pixel and the proximity pixel is uniform.
27. A recording medium according to claim‘26, wherein in
'Said relational~expression generating step, the plurality of
relérional expressions are generated based on an
approximation in Wthh components of a foreground ObjeCt of
20 the plurality of objects contalned in the designated plxel
data and the proximity pixel data are uniform.
28. A recording medium according to claim 26, wherein in
said relational-expression generating step, the plurality_of
'relatlonal expressrons are generated based on an

25 approximation in whlch components of a foreground object of




16 Decenber 2005 - 241 rel ational -expression generating step, the plurality
of relational expressions are generated based on an j@pRtdterBbdson i n

whi ch conponents of a foreground object of the pl ura]Ilty of objects
contained in the designated pixel 5 data and the proximty pixel

dat a- change substantially linearly with respect to the positions of the

pi xel s. 34. A program according to claim 31, further conprising a ,

f or eground/ background separation step of separating the image data into a
f oreground obj ect i-nage consisting aof_ only 10 the foreground object
conponents which formthe foregr ou_noz%goj_ect in the imge data and a
background obj ect inmage consisting of only background object conponents
which form the background object in the i mge data based on the m xture
rati o coheesporl ngy t@f tdie] aess gnatedli pé& eln 3Ghe Adg Dgiaredqeitai ng to |
claim31l, wherein in said mxture-ratio detection step, the mxture ratio - |
i s det edaed amy god \pruggitetplpiedl tdatd cledmge ondbstexprieskions accor di ng
to a nmethod of |east squares. 36. An inmage-capturing apparatus conprising:.
i mage- chbreryhy wednsrdspedutputthegresitident ithgeixaptured by an , |
i mage- capturing device including a predeternined nunber of pixels having a
time i degrat i FRECFUAT italiagn | Irgerdng torsiasin mp ofvwhepriddaaddhi ned
nunber -of pixel data; relational-expression generating neans for
extpactg¥@ﬁFam-comprlses a foreground/background separation step of

separating the image daté into a foreground object image
consisting of only the foregroﬁnd object combonents which
form the foreground object in the image daﬁa and a |
background object image consisting of only background object

10 components which form the bdckground object in the image |
data based on the mixture ratio corresponding to the
designated pixel.
30. A recording medium according to claim 26, wherein in
said mixture-ratio detection step, the mixture ratio is

15 detected by solving the plurality of relational expressions
according to a method éf least squares. |
31. A program for allowing a computer for processing image
;data.which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a

20 predetermined number of pixels, the pixels having a time
integrating funétion; to executer

a relational-expression generating step of extraéting,

in COrrespopdence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame

25 around the designated frame as background pixel data
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designated frame of the image data, pixel data of a ierlpheralp&%
around the designated frane as background pi xel data to a
background object of a plurality of 5 objects. of the imge data, and al so
for extracting designated pixel data of the designated pixel and proximty
pi xel data of a pixel located in close proximty with the designated pixel
in the designated frane so as to. generate a plurality of relational.
expressions indicating relationships 10 of the designated pixel data, the
proximty pixel data, and the backgé®dlnd. pixel data corresponding to the
designated .pixel data. or the proximty pixel data concerning the
desi gnat ed plxel and m xture-ratio detection neans for detecting a m xture

15 rat'Qdﬂ%@éﬁ%ﬂdﬂ%gatE'ét%%%k%&@hﬁd0$b§88tpbﬁr§|biﬂr&i1£¥”&$tS in the
real world concerning the designated piXxel based on the relational -

eXpreSSkmﬂ%ctwh%Ee%%eSQMQg%eHﬁthonéhdeépéﬁs§f0@xﬂ§ﬂ@£ﬁﬁ¢rEb§E§HEte£enerateS'

the plurality of relational expressions based on 20 an apprOX|nat|on in
whi ch t kg xE1xidare odt itbeCacsegpatdingikel t ied desbghnated pixel @ncht he

proximty pixel is uniform 37. An inmage-capturing apparatus according to
cl aim 3@f awpdxeiln 1saindeticliat choak-pexpiwssy onigeneliatdeagigresirssi gener at es
the plurality of relational expressions based on 25 an approximation in
" whi ch conpedenins the debdgegtedniirabgest as to generate a plurality
of relational expressions indicating relationships of the
designated pixel data, the proximity plxel data, and the
background pixel data corresponding to the designated plxel
data or the proximity pixel data concerning the designated
10 pixel; and |
a mixture-ratio detection step of detecting a mixture
ratio indicating a mixture state of -the plurality of objects
in the real world concerning the designated pixel based on
the relational expressions,
15 =~ wherein in said relationaljexpressionrgenerating step,
the plurality of relational expressions are generated'baéed
on an approximation in whiéh the mixture-ratio c6i£éép0nding
to the designated pixel and the proximity pizel is uniform.
32. A program acéording to claim 31, wherein in said
20 relational-expression generating step, the plurality of _
relational expressions are generated based on an
approximation in which compbnents of a foregfound object of
the plurality of objects contained in the designated pixel

data and the proximity pikel data are uniform.

25 33. A program according to claim 31, wherein in said
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desi gnated pixel data and the proximty pixel data aﬁfDHﬂ%ﬁﬂ%ﬁﬂrﬁs' An

i mage-capturing apparatus according to claim 36, wherein sald .
rel ati onal - expressi on generating nmeans 5 generates the plurality of .
rel ati onal expressions based on an approximtion in which conponents of a
foreground object of the plurality of objects contained in the designated
pi xel data and the proximty pixel data change substantially Ilinearly with
respect to the positions of the piﬁgii. 10 39. An inmge-capturing apparatus

Si

according to claim36, further cor ‘ng foreground/ background separation

nmeans for separating the inmage data into a foreground object inmage
consisting of only the foreground object conponents which formthe

f or egr cuaba obymel —¢xp tdwmws darmmgrerdatatiand steth bBack grioumd idly] @dt | mage .
consi sting of only background object conponents which formthe background
obj ect ¥&lakonavagrxprRasi dss et owantratied drasadatono agor r esponding to the
desi gnated pixel. 40. An image-capturing apparatus according to claim 36,
20 wher@PPr @HHRR o ke Wity apsmnanarod r@‘gr@s fpaesEranchebgiegtued rati o by

solving the plurality of relational expressions according to a _nethod of
| east §aa%fgi%;allty of objects contained in the designated pixel

5 data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.
34. A program according to claim 31, further comprising a
foreground/background separation step of separating the
- image data into a foreground object image consisting of only

10 the foreground object components:which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the imageldata based on the mixture
ratio corresponding to the designated pixel.

15 35. A program according to claim 31, wherein in said
mixture-ratio detection step, the mixture ratio is detected
by solving the plﬁfality of relational expressions according
to a method of least squares. |

- 36. An image-capturing apparatus comprising:.

20 " image-capturing means for outputting a subject image.
captured by an image-capturing device iﬁcluding a
predetérmined number of pixels ﬁaving a time integrating
.function as image data consisting of a predetermined number
of pixel data;

25 . relational-expression generating means for extracting, .-
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in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
cofresponding to a background object of a‘plurality of
objects of the iﬁage data, and also for extracting
designated pixel data of the designated pixel and proximity
pixel data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generafe a
plurality of relational expressions indicating relationships
of the designated pixel data, the proximity pixel data, and

the background pixel data corresponding to the designated

pixel data or the proximity pixel data concerning the

designated pixel; and

mixture-ratio detection means for detecting a mixture
ratio- indicating a mixture state of the plurality of objects
in the real‘ﬁorld concerning the designated pixel based on
the relational expressions,

'wherein.said relatioﬁal—expressioﬂ'generating means
generates the plurality of relational expressions based on
an'approiimation in which the mixture ratio corresponding to
the designated pixel aﬁd the proximity pixel is uniform.

37. An_image—captu;ing appefatus according torclaim 36,
wherein seid_relationelwexpressien generating means
generates the plurality of relationai expressions based on

an approximation in which components of a foreground object
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0of the plurality of objects contained in the designated

pixel data and the proximity pixel data are uniform.

'38. 'An image-capturing apparatus according to claim 36,

wherein said relatioﬁal—expression generating means
generates the plurality of relational expressions based on
an approximation in which components éf a foregroundlobject
of the plurality of objects contained in the designated’
pixel data and the proximity pixel data change substantially
lineafly with'respect to the positions of the pixels.

39. An image-capturing apparatus according to élaim 36,
further comprising foreground/background separation means
for sépa:ating the image data into a foreground object image
consisting of only the foreground object components which
form the fbreground object in the imége data. and a
background_object image consisting of only background object
components which form the bacﬁgfound object-in the image
data based on the mixture'ratio corresponding fo the
designated pixel.

40. An image—capturingAapparatus according to claim 36,
wherein»séid_mi#ture—ratio detection means detects the
mixture ratio by sclving the p;urality of relational

expressions according to a method of least squares.





