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{57) Abstract: An image processing device for forming an image containing a natural motion blur and a high density in the time

¥ direction. Correlation operating units (103) and (104) respectively determine the correlation between data on a pixel of interest in a

frame of interest (#n) of the frames and the data on the corresponding pixel in the frame (#n-1) adjacent to the'frame of Interest (#n)

. and the correlation between the data on the pixel of interest and the data on the corresponrding pixel in the frame (#n+1) adjacent to

-~ the frame of inierest (#n). A one-side pixel value creating unit (105) creates first pixel data, in a first created frame created between

G that frame of interest (#n) and the frame containing the ¢orresponding data having the greater correlation out of the two adjacent

: ;;]“ frames (#n-1, #n+1). A one-side pixel value creating unit (106) creates second pixel data in a second created frame created between
& the frame of interest (#n) and the other adjacent frame on the basis of the data on the pixet of interest and the first pixel data.
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IMAGE PICKUP DEVICE

Teehnical‘Field

The present 1nventlon relates to an 1mage proce351ng
.apparatus and in partlcular to an 1mage proce881ng
apparatus that accounts for a dlfference between a 81gnal

'detected by a sensor and the real world

‘Background Art
Technlques for detectlng an event in the real world and
for proceSSLng sampled data output from an 1mage Sensor are
S in widespread gse
For examplef the iﬁage of an cbject movinq'in frontlof
a stationary predetermined baekground, taken by a video
camera,. sdffersrfroﬁ‘aimotion blur when the motion speed of
‘the object is relatively fast,r |
Also, a technique that generates-a nigh—density image
r_in'the direction-of time based on an image taken by a video
camera ia.used.
However, a qptiOn blue is not taken:into cbnsidetatien
when.a'high-density image is generated in the direction of

time. A high-density image generated in the direction of
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(57) Abstract: An image processing device for formng an i nage contai ning a
natural notion blur and a high density in the tinme direction. Correl ation
operating units (103) and (104) respecfively determ ne the correlation

bet ween data on a pixel of interest in a franme of interest (#n) of the
frames and the data on the corresponding pixel in the frame (#n-1) adjacent

to the tipge fsddit ehesdn (Amkgé RRdiLbe Lonbelahi ol ket weeamkle gata on
the pixel of interest and the data on the corresponding pixel in the franme

(#n+1) BBPacertlt dmaghe frane of interest (#n). A one-side pixel value
creating unit (105) creates first pixel data, in a first created frane
created between that frane of interest (#n) and the frane. containing the
cor r espbhdchgsdat achavhagIithenygieat er correl ati on out of the two adj acent
frames (#n-1, #n+l1l). A one-side pixel value creating unit (106) creates
second pixel _data in a second created frane created between the frane of

i nterest (#nfMBAGLTHRCDt RéEr HhG PR aMBVERTIAR BEEPEASE th'HHta on the

- pi xel ofe} 88 eresty, the tfHer Sk pLxek odatdr BimePLRIPE{ ZQO%alt&}%'iCRI PTION
| MAGE PROCESSI NG A ARATUS | MAGE PROCESSI'NG METHOD, 'AND I'MAGE PI CKUP

- DEVI CE m@thoncblurFleld The present invention relates to an inmage
processi o, ARBRRIPLA. 8D, o D;PRLLLBUl Ot Lo o0 Limge B 0GSRBINg
sensor ppgdvifed real imeged.prRackgrioundapphrafeshmaueprbeesdehgetamng an
event in the real world ang
' image formed of pixel data of frames, obtained by a sensor
including detector elements, each having a time integration
effect, comprising: correlation detector means for
detecting a correlation between pixel data of a target
pixel in a target frame from among frames and pixel data of
a corresponding pixel in a first Zframe adjacent to the
target frame, and a correlation between the pixel data of
the target pixel in the target frame and pixel data of a
corresponding pixél in a second frame adjacent to the
target frame, and pixel data generator means for generating
pixel data of a first pixel in a first synthesis frame
.generated between the target frame and one of the first and
second frames containing the corresponding pixel having the
pixel data with a larger correlation, based on the pixel
data of one of the corresponding pixels in the first and

second frames having the larger correlation




for processing, sanpled data output froman image sensor are in wi despread
use. For exanple, the imge of an object noving in front ary

pr edet er mi ned background, taken by a video canera, suffg%gﬁgﬁ%%?g&ﬂnt i on
bl ur when the notion speed of -the object is relatlvely fast. Also,. a

techni que that generates a high-density image .in the di rection of time.
based on an i mage taken by ‘a video canera is used. However, a notion blue
is not taken-into considerati on when a high-density inage is generated in
the direction of tinme. A highfdensrtﬁ image generated in the direction of
6 Septenber 2005 - 2 tine based on an image.having a notion blue beconmes
an unnatural inmage. Disclosure of the Invention Enbodi ments of the present

Inventlaetge@eaab? anBi ghrrdensiby- hargetb? tRendi regld an,of tinme having a.
natural ~ notion blur. According to a first aspect of the invention, there

is opr ogbd@@laamngwggﬁemr A6@sSbRJaapRAkAHUS iken RROGESHAMh@n i mage fornmed.
of pixel data of frames, obtained by a sensor - including detector elenents,

each ha‘syﬁghas‘isthﬂéegéﬁ%t@i&edebfeﬁﬁbencQﬁiﬁr itSirg@t ol akhidonndet ector
nmeans for detecting a correlation between pixel data of a target pixel in

a targevtheanmeff then aiwsg hnadnescand mnrmlesdabaseﬁ o a:@lrer gspendi ng pi xel
in a first frame adjacent to the
' data of the target plxel and the plxel data of the flrst
pixel.

The pixel data generator meansrmay copy the piXel,data
of the one of the_correspending pixeie in’ the first and'l
second frames haﬁing the iarger correiatioa detected by the
eOrrelatien detebtor means as the'pixeltdata of the first-
‘pixel in the first synthesis frame geaerated betweea the
.targetaframe‘and theTene of the;firsttandleecona frames
containing the correspondiag'piXel having.the_pixei data
rith the larger COrrelation;, | |

| The_pixel“gatagenerator.ﬁeans may-generate the first
synthesis frame;at a position equally spaced th time from
‘the first frame and the target frame, 'ahd the'second‘
synthesis frame at a- p051t10n equally spaced in time from
the second frame and the target frame

The plxel data generator means may calculate the pixel

| data of‘the-second‘pixel by subtracting the value of the
.pixel data of the first pixel from a value'equal to twiee
" the value of'thegpixel.data of the targetipiael. |

. 'The'image procesaing apparatus may procese the image

which is obtained by the sensor having a plurality of




target frane, and a correl ation between the pixel data of the target pixe
in the target franme and pi xel data of a correspondi ng pi | ond

. frame adjacent to the target frame, and pixel data generésgﬁ&ﬂggﬁéﬁ?or
generating pixel data of a first pixel in a first synthesis frane
generated between the target franme and4one of the first and second franes
contai ning the correspondi ng pi xel having the pixel data with a | arger
correl ation, based on the pixel data of one of the corresponding pixels in
the firdetantorsetendntsanesahasd ngntde largeroeorderacibin 6 Sept enber 2005
detected by the correl ation detector neans, and for generating pixel data
of a second gﬁxeL in a second , synthesis frangEPenerated Qg%yeen t he target

frame and theldt HERYSE RHE FTFYY arbPEEEEHE fiHneR CHRERd tHe* P xel
data of yhhent argetorpiaele@ndyt hendi xednglat a fvitdhe & rplurpixely. dhe pi xel
. data generator neans nay copy the pixel data of the one of the

corr espBREEAECDI KEFBERRSt ABrENgeY Hmde BREBRY fPERes having the |arger
correlation detected by the .t, correlation detector neans as the pixel

cat o ne ShEShorbUIEhihh, WiEgLhbFLpBNIL S5l A4 U Senerat et et veen the
corresponding pixel havingsttiee ptxetelatbonwith the larger correlation. it.
The pi xel data generator nmeans may generate the first synthesis frame at a
position equally spaced in time from _ )
According to a second aspect of the invention, there
is provided an image processing method of an image
processing apparatus for processing an image formed of
pixel data of frames, obtained by a sensor including
detector elements, each having a time integration effect,
comprising: a correlation detection step for detecting a-
correlation between pixel data of a target pixel 1in a
target frame from among frames and pixel data of a
corresponding pixel in a first frame adjacent to the target
frame, and a correlation between the pixel data of the
target pixel in the target frame and pixel data of a
Corresponding pixel in a second frame adjacent to the
target frame, and a pixei data generation step for
‘generating pixel data of a first pixel in a first synthesis
frame generated between the target frame and one of the
first and second frames containing the corresponding pixel
having the pixel data with a larger correlation, based on
the pixel data of one of the corresponding pixels in the
first and second frames having the larger correlation
detected 1n the <correlation detection step, and for
- generating pixel data of a second pixel 1in a second
synthesis frame geneiated between the target frame and the
other of the first and second frames, based on the pixel.

data of the target pixel and the pixel




the first frame and the target frane, and the second synthesis frane at a
position equally spaced in tine from the second frane. angsgpgmhg&ﬁgg

frame. The pi xel data generator nmeans nmy cal cul ate the pixe ata of the
second pi xel by subtracting the value of the .pixel data of the first pixe
froma value equal to twice the value of theplxel data of the target

pi xel . The image processing apparatus may process the image which-is
obt ai ned by the sensor having a pIuraéity of 6 Septenber 2005 - 4 detector
el enents arranged in at |east one direction. The inage processing apparatus
may process the image which is obtained by the sensor having a plurallty
of detector elenents arranged in a matrix form The correlation detector. -
means maytdebectha difkergngel.of the pixel data as the correlati-on.
According to a second aspect of the invention, there is provided an inmage
processi ng nEtdosh 01 ada t ArBgen e 4 OLES St Tgp appar adps {06 PIOSES§AHg an i mage
formed of pixel data of franes, obtained by a sensor including detector -
el enentsf eaehohaVDﬁgtaetCﬁEreepegﬂahgopleéiecﬁn thenpirstngnda correl ation
detection step for detecting a correlation between pixel data of a target
pi xel |ﬂeaondafgemeérhaE1ﬁgohhanbaggéraGBSrahdtponeﬂedataedfla the
correspondi ng pixel in-a first frame adjacent to the target franme, and a
correla@@enebetmeendehecptaelsuepaaefthheplxalg@@t@|Qélthﬁ fhestarget franme

and pi xel data of a corresponding pixel in a second frame adjacent to the
pixel in the first synthe31s frame generated between the ‘

_target frame and the;one pf the first and second frames
‘eeﬁtaining-the corresponding pikel having the pixel data
With theilarger cerrelatien.
| -Tﬂe_ﬁixel data generation step.may generaterthe first
_.syhthesis frame at'a'position equaliy‘spaeed in_time‘frqa:
 the fifst ftame:and the target~fpame;:and the secend‘ |
synthesia frame at a_positien eQuaily spaced in time from.
_'the second frame and the target frame. |
i 'L

The plxel data generatlon step- may calculate the pixel

'data of the second pixel by subtractlng the value of the

Mo’

‘pixel data of the first pixel from a value equal ‘to twice
~the value of the plxel data of the target pixel. ‘

In the image proce551ng method, “the image may be
brocessed Wthh,lS obtalned,by the sensor having a plurality
of detector elements arranged in at least one directioﬁ.'

_In the_image processing,methed,‘the‘image mayibe
'processea which %e obtainea by the sensor having a'plutality 
' of detector elements arraaged,ih a matrix form.

The correlation detection step may detect a difference




target frame, and a pixel data generation step for generating pixel data
of a first pixel in a first synthesis franme generated bqiﬁgggn&ngkgrget
frame and one of the first and second frames containing é)corresponding
“pixel  having the pixel data with a |arger correlation, based on . the pixel
data of one of the corresponding pixel$ in the first and second frames
having the larger correlation detected in the correlation detection step,
and for generating pixel data of a second pixel in a second synthesis
frane gedertakegibeflwdenat he taegevrfedatiand the other of the first and

second franes, based on the pixel data of the target pixel and the pixel
data of the first pixel. The. .pixel data neratjon step may copy.the pixel
data.  of thGGREIRRT KB CorPeSHonfa pistel B9 AT ot WhcHS sbtond
frames hawngebneal asg8ragor d &hindn s#ef86igedahn Rlﬂﬁ?ec%f@&@éé?ﬂg,

detection. step as the piXxel data of the first pixel in. the first
synt hesicompuzes geacetled Pyeuwmeen fiove promegetinor ave larrda Heowmrd o#L t he

first and second Lrages -copLaini pg.Lhe. gor pgsponding. pi xel, bavkng, the

pi xel . dat e arger cofre on.” " The* pi xel a generation’ step. may
gener at eettbetbirr ¢l engytidesescli r e iay a pesnti dntegualtiyrspatedetn. ti me
from the first frame and the target-frame. K and the second synthesis franme
at a po§@@ioﬂr%ﬁﬁﬁplfxgﬁﬁﬁéﬁjﬁh B neC¥Fohitior detesdirmangtaRd t9e t ar get

frame. de{@%t%fgmadaé@:ﬁ%@{i%ﬂ OBe%%%an”agf%ﬁié% gLHaactae blte Ri xghrgdata of

t he second pi xel” by subtracting the value o
' pixel in a target frame from among frames and pixel data of

a corresponding pixel in a first frame adjacent to the
. ﬁarget frame, and a correlation between the pixel data of
the target pixel in the target frame and pixel data of a
corresponding pixel 1in a second frame adjacent to the
‘target frame, and a pixel data generation step for
generating pixel data of a first pixel in a first synthesis
frame generated between the target frame and one of the

first and second frames containing the corresponding pixel

having the pixel data with a larger correlation, based on
the pixel data of one of the corresponding pixels in the

first and second frames having the larger correlation

~ detected in the correlation detection step, and for
generating pixel data of a second pixel 1in a second
- synthesis frame generated between the target frame and the
other of the first and second frames, based on the pixel
data of the target pixel and the pixel data of the first

pixel.

The pixel data generation step may ceopy the pixel data
of the one of the corresponding pixels 1in the first and
second frames having the larger correlation detected in the

correlation detection step as the pixel data of the first



pi xel data of the first pixel froma val ue equal to twce the value of the
pi xel data of the target pixel. In the inage processing hod, t i mage
may be processed which.is obtained by the sensor havingnggﬁﬁﬂ?%rpﬁ§ of
detector elenents arranged in at |east one direction. in the inmge
processi ng nethod, the inmage may be progessed which is obtained by the
sensor having a plurality of detector elenents arranged in a matrix form

- The corpekati am dehectriigrtsSt &pnmys Jet eehma diddarance BeSaptanbare 2005 of
t he pixel data as the correlation. According to a third aspect of the

. invent] bardehedeame prdvitded et Ofagesreditmtstdrd ngegrN el iocessi ng,

conput e rQgr Si n j f d pi dat a of
frames, 5% ?%lglﬁgagb&h%gsgﬁt%%?ﬁ%?gﬁ?n gi(?gt efclz‘gg“rgﬁgl grni%t gic&g%lch avi ng a
time i nveghathenlaefdectgortdibatpiagr am conprising a correlation detection

step for detecting a correlation between pixel data of a target pixel in

a target fr from ng franmes and pixel data of a correspondi pi xel

Tnafirst f15ePAdrlcaRtat 6T ie St het 9% alt! dRB°R2E6r ekati T bet ween

- the pixgintiRéai 8f rrhhe tar get ppxekohn e&dimaltl@r agladd@nenandmpl Xe@loflat a of a
J

correspondi ng pi xel in a second frame adjacent to the target frame, and a
'~ pi xel d&ka tat iforemet epfor thgenépaphg prawe, dadrdofthe figetonsi xel in a

first s i n . t r f the
et s LA O e e v ires! Ao 2R Yo

pi xel déha swddnd faageramdritet ataoret baset .on  the pi xel data of one of
the correspondi ng pixels in the ' _

The pixel data generation step may calculate the pixel
data of the second pixel by subtracting the wvalue of the
pixel data of the first pixel from a value egqual to twice

the value of the pixel data of the target pixel.

The image may be processed which is obtained by the
sensor having a plurality of detector elements arranged in

at least one direction.

The image may be processed which is obtained by the
sensor having a plurality of detector elements arranged in

a matrix form.

The correlation detection step may detect a difference

of the pixel data as the correlation.

According to a fourth aspect of the invention, there
is provided a pregram to be executed on a computer
controlling an image processing apparatus for processing an
image formed of pixel data of frames, obtained by a sensor

- including detector elements, each having a time integration
effect, the program comprising:a correlation detection step
for detecting a correlation between pixel data of a target

pixel in a target frame from




first and second frames having the larger correlation detected in the
correlation detection step, and for generating pixel dat d -
pi xel in a second synthesis frame generated between the ?ggé%@b$?g§£ and
the other of the first and second franes, based on the pixel data of the
target pixel and the pixel data of the first -pixel. The pixel data
generati-on step may copy the pixel data -of the one of the corresponding
pi xel s |n_the first and second franeg having the larger correlation
detected in the correlation detectioff step as the pixel data of the first
6 Septenber 2005 - 7 pixel in the first synthesis frane generated between
the target frane and the one of the first and second franmes containing
the cor respondiragepi xeld hawelg dsha piexel cdatraspdiddt dde ihangar gorrel ation.
The pixel. data generation step nay generate the first synthesis franme at a
posi ti of iegualfirpmepaddd dem it ithe theomarybe fFirksie feameaaeeﬁﬁaaaamewt frame, -
and the second synthesis frane at a position equally spaced in tinme from

t he -secbrdvEranthangitkd ﬁamgebfftaeetafbetprebldamat@enee&@e&n Step may
calcul ate the pixel data of the second pixel by subtracting the val ue of
the piX&pngaeadopixke ﬁﬁﬁ@tOﬁ'ﬁebOtreﬁpandahgepeqeal1moanmeoendthe val ue
of the pixel data of the target pixel. The image may be processed which is
'obtalnedrﬁ?etHéla§@ﬁ§o$0hé@ﬁn§aaGStuﬁaﬁmﬁy efddet pderd eldments arranged in

Ieast one direction. '
generation step for generatlng pixel . data of a flrst plxel

:ﬂ in a flrst synthesrs frame generated between the target
. frame and one of the flrst ‘and second frames contalnlng tne
-correspondlng pixel havrng_the‘plxel data wlth a_larger
..Correlation, based_on_the.prxel data of one of the
corresponding pixeis in the:first and second frames“having
g the larger correlatlon detected 1n the correlation detectlon
'step, and for generatlng plxel data of a second plxel in a
second synthesas frame generated between the target frame
‘and the,otnerlof the first and second frames based on the
plxel data of the target pixel and the pixel data of the
'n;flrst plxel
" The- plxel data generatlon step may copy the plxel data.
o of the one of the correspondlng pixels in the flrst and
'_second frames hav1ng the larger correlation detected in the -
.. correlation detection step as the plxel data of the first
paxel in the firstcsynthesis frame generated between the:
target frame andfthe one of'tne first and second frames
-containing the corresponding'pixel having the pixel data -

- with the larger,COrrelation.




|

The i mage may be processed which is obtained by the sensor having a
plurality of detector elements arranged in a matrix fornbsgagmggbbﬁiation
detection step may detect a difference of the pixel data as the
correlation. According to a fourth aspect of the invention, there is
provided a programto be executed on a gonputer controlling an image
processi ng apparatus for processing an imge forned of pixel data of
frames, obtained by a sensor including detector elenents, each having a
time integration effect, the programconprising: a correlation detection
step for derketphged elit=elgdriamthieinestepi naly deinaref-ca tiray getrsipi xel in
a target franme, from 6 Septenber 2005 anong frames and pi xel data of a

corr espBRBFRGSHF xEFF AR £T f#r BPSEFARE &fusdlehit TBP¢ERR £8r S rafRI" and- a

correl athon petyeens dhe pinxel t@ll%tat%:lgle_tﬂe Facgel pPhxgl iRethe.dafget frame

and pixel data of a corresponding pixel” in a second ,frane adjacent to the

target fyaheesamdfaapexelt dat posgenenatdmralstepspacedensr dtimeg el dat a
of a fi %é i xel nt hesis. .frame generated between the target
0

. g
frane a B3P ¢ gaﬁ?ré% gﬁﬁgs%%fﬁﬁFf$5%%%'containing t he correspondi ng

pi xel having the pixel data with a larger correlation, based on the pixel
data of one of the corresponding pixels in the first and second franes
having the Ta®getxedrfarat Percgetéerediern Mae CrGidiadtd diheddtesdd on step,

and forgygepnerati PEXehbnqdafia qf S d.pi [ £ond sv Si s
frame generated etmeen.nthgutgrgéﬁyfggﬁg agkgﬁphé?m%tﬁgrgﬁf? tﬂ%nfirst and
second pissksdabased dhd hfirst pixel from a value egual to twice

the value of the pixel data of the target pixel.

A computer executing the program may process the image
which 1s obtained by the sensor having a plurality of

detector elements arranged in at least one direction.

A computer executing the program may process the image
which is obtained by the sensor having a plurality of

detector elements arranged in a matrix form.

The correlation detection step may detect a difference

of the pixel data as the correlation.

According - to a fifth aspect of the invention, there is
provided an image pickup device of the present invention
includes image pickup means for outputting, as pixel data of
frames, an object image picked up by an image pickup unit
having a predetermined number of pixels, each having a time
integration effect, correlation detector means for detecting
a correlation between pixel data of a target pixel in a
target frame from among frames and pixel deta of =&

- corresponding pixel in a first frame adjacent to the target




- pixel data of the target pixel and the pixel data of the first pixel. The
- pi xel -data generation step may copy the pixel. data of.tE%e?ngb Eo&?e
correspondi ng pixels in the first and second-franes having ,%e arger -

correlation detected in the correl ation detection step as the pixel data of "

the first pixel in the first-synthesis frane generated between the target.
frame and. the one of the first and second frames containing the

correspondi ng pi xel having the pixel data wth the larger : correlation. 6

Sept enmber 2005 9 The pi xel data geﬁeﬂgtron step may generate the first

synthesis frame at a position equally spaced in tinme from the-first frane

and the target frame, and the second synthesis frane at a position equally
spaced fPahd MEafidoMm céheesL€0hd heepBeaNdnthgikargghthrarerndhe pixel data
generation step may cal cul ate the pixel data of the second pixel by
subt r acta Aget hei ¥al uen ofhé heargéxefrdataanll pheeli astapbrel froma value -
equal to twice the value of the pixel data of the target pixel. A conputer.
execut | Oigr+Sep PROURQND Iy procesSetbrdi fragee abijsbens obt ghsedabyethe

sensor having a plurality of -detector elenents arranged in at-|east one .

di rectifremd, cam@pubdExebx@std i gndhetpr ogeans nByr pgecesstihg pimge which is

obtai ned by the sensor having a plurality of . detector elenents arranged in

‘a matrideforef dheicorrelatl oindetettsonserbpesdhy feemwetgendiétfedence of ‘

the pixel data as the .correlation. ' ' : o : B
"~ between the target frame and one of the first and second.

freﬁee eontainingfthe‘cer;espendiﬁg pixel.having the pixel
data with a largef COrreiakion, based on ehe pikel datarof
one 6f‘tﬁe'correepoﬁding pixels in the first and secbnd'
frames haﬁing‘the larger correlation detected by the
cdrfelatien deteetof.means, and for generating pi#el data of
e second pixel ih a.secend_eyntheeis fraﬁe,generaped befween
‘the tafgef.frame and the,ofhef of the first aed second |
frames, based en‘the pixel data'ef the teiget pigel and the
R . .

the first pixel.

I

pikei data of

The pixel aata.genereter'means may copy the pixel deta
fof the one of the'eerresponding pixels in the first and
second frames having.the larger‘correlationfdetected b& the

- eorrelation detector meaﬁe as the pixel;detaeof theffiret'

piXel'in the firet synthesis frame.geﬁefated between the
target frame and the one of the first and second frames 
containing theAco:reeponding pixel having the bixel data’
with the larger correlation. |

‘The pixel data generator means may generatejthe first

synthesis frame at a position equally spaced in time from




According to a fifth aspect of the invention, there is: provided an i mage
pi ckup device of the present. invention includes inmge pi‘ig%ﬁenqggg&sfor )
~outputting, as pixel data of frames, an object inage picked Up by an i mage
pickup -unit having a predeterm ned nunber of pixels, each having a tine..
integration effect, correlation detector neans for detecting a correlation
bet ween pi xel data of atarget pixel in a target frane fromanong franes.
and pixel data of a corresponding pixel. in a first frame adjacent to the
target 6 September 2005 - 10 frang, 'and a correl ation between the pixel
data of the target pixel in the target frame and pixel data of a
correspondi ng pi xel in a second frane adjacent to the target frane, and

pi xel -defha gepsratpimdeans £RE g8hgLat EpgmPl Xgha datasekoagfirst pixel.in a
first synthesis frane generated bétween the target frame and one of the :
first asghsesond. rfimaest CONGELNENGInt BQuEDILespaRdingnpixRk Ravjing the

pi xel data with a |arger correlation, based on the pixel data of one of-
the cortiespeoschmy prxedSahnd the tirgétangagecond frames having the |arger
correlation detected by the correlation detector means, and for generating
pi'xel data. dhe pisedonthipi xpdndimtao1sesants synt hesl sold eaecigensi:aded bet ieen
the target frame frames, based an pixel data of the and the other of ‘the -
first attserOnthe second pixel by subtracting the value of the. n

pixel data 6f_the first pixel from a value equal to twice

. the value of the pixel data of the target pixel.'_

The image processing-device may process the image Which
‘is obtained by the sensor'having'a‘pluralitYIOf detector

" elements arranged in at least one direction.

_The‘imagerpfqéessing‘deﬁice méy process the image:ﬁhich,-
-is'ébtained‘bj:the senséi haviﬁg é}pluralityfbf'deteétor
e}éﬁenté-arrahgéd in a matrix form. | | |

The coffe%ﬁtioﬁ detectorimeaﬁs.mafxdeteéf a difference
of_thé_pixel'd%#a aé'the Cofrélation.

A nafural—iéoking image high‘in dénsitylin'ther

‘direction of time is thus obtained.

) Briéf_Description‘of‘fhe Drawings
| - ,:FiG. 1 is a block diagram illuéﬁrating oné'émbodiment
of tﬁe image prdcessing apparatus of fhe present invéntiQn;
FIG. 2 is a block diagram illﬁstrating:thé construdtioﬁ -
‘of the image pro%eséing apﬁaratus; | .. |
FIG. 3 is a'diagramjiilustrating an image pickup ‘

‘operation of a sensor.



t he pixel data of the target pixel-and the first plxel The pi xel data
generator neans may copy the pixel data of the one of the_cgorr ondlng
~pixels in the first and second frames having the |arger &v% %T%f
detected by the -correlation detector means as the pixel. data. of the
first pixel in the first synthesis franme. generated between the target
frame and the one of the first and second franes containing the- .
corresponding pi xel having:the pixel data' .with the larger correlation
. The pi xel data generator neans nay éénérate the first synthesis frane at
a position equally spaced. in time from6 Septenber 2005 the first frame
and the target frame, and the second synthesis frane at a position equally

spaced i n tmq%'fmomﬂjy%gyg%gngﬁéﬂyaggu{tgga arges frame, .' The pixel data
generator neans may cal culate the pixel. data of t he second plxel by - o

subtracting e valiua wftddies mieepddatia Bl dhe fddsdcpbxalidiam a val ue
equal to twice the value of the pixel data of the: target pixel. The inmage

processi ng ded.ce Rt euess. thad mrgenshiseihsdis rebtaidech by. the sensor
having a 'plurality of detector elenents arranged in at |east one

di r ect | mtegraifion NEfEeEr GOESSE IOy 6 Ty PEECesSEt beghtmge which . .is
obt ai ned by the sensor having a plurality of detector elenents arranged in
a matrix foFdG.. VhelddM&ﬂnmUQmwanﬂmmmxw1ﬂeanasngbﬁhmuﬂn Eydlfference ~of -
the pixel data.as the correlation. S
*  photographing an object correspondlng to a. movrng foreground '
'and an,object correspondlng to ‘a statlonary background.
FIG. 7B 1llustrates almodel of an 1mage that is
obtalned by photographlng an object correspondlng to a
-_mov1ng foreground ‘and an object correspondlng to a
"statlonary background |
FIG. 8 1llustrates a background area, . a foreoround}area,
la mlxed area, a covered background area,_and-au unoouered
j backgrOund-area,' | | | |
ST o ,
FiG; 9 isué.model:diagram illustrating pixel wvalues of
afiine of'adjaoent.éixelsldevelopedrinftime akis in an image
of the objeotroorresponding to rhe'stationary foreground and
~ the object correspondlng to the statlonary background
| FIG. 10 is a model dlagram 1llustrat1ng the plxel‘
' lvaiues,developed ln-tlme axis for a duration of tlme
correeponding_to Shutter.tiﬁe 2ts, which is divided,
F;G.-ll is‘a model diagram iliustrating'the pixel
. ualues developed in the -time akis'for the duratron-of rime
corresponding tolthe sﬁutrer time 2ts, which divided.

FIG. 12 lS a model dlagram 1llustrat1ng the plxel




" A natural -l-ooking i mage high in density in the-direction of time is thus
obt'ai ned. Brief Description of the Drawings.- FIG 1."is a_ bl ock diagram
illustrating one enbodi nent of the inmage processing_appaf%?ﬁ@aﬂmyg _
present invention.. FIG 2 is a block diagramillustrating the construction-
of 'the image processing apparatus.  FIG 3 is a diagram illustrating an '
i mge pi ckup operation of a sensor. 6 Septenber 2005. - 12 FIG 4
illustrates the layout of pixels. FIG 5 illustrates the operation of a
detector element. FIG 6 plots pixell3data of the sensor having an
integration effect in response to the input of. light.. FIG 7A illustrates
an inmage that is obtained by photographing, a,n 'object corresponding to

oot RSORS00 SEhSTRRICLRR, [R AL L

backgroun ates a no i S obtained by

photogree@&aspaﬂdgn'e%k.%ﬂ%f@ﬁ&@@gkngiﬁg'QEanwg,gP{ageaagqa@d%nd an obj ect.

corresponding to a Stationary backgroun G ~11Tustrates a background .

area, . a foregroungy o easifafbXetkf£3ed GOV 8dobackgr pypd aLgay and an
uncovered background-area. FI'G 9 is a nodel diagramillustrating pixel

val ues’ gieal i BRe0haBRLR6ARN Ri8! Safevehepadxka’ kirdd axis in an inage of
~the object corresponding to the stationary foreground and the object-
correspondi ngrd 0 14eislasipnosy eckgsPiibnship between the pixels
‘ }éhd’the model in which the-pikéi'vaIUes;érérdéveléped'in the
'f rﬁime akis; | | | |
,FiG. 15 isa mode1'diag£gﬁ iilustrating the pixe;
values dgﬁeloﬁed:in the time éxis[for a duration_df time
ﬁédrfespoﬁﬁing to‘thg shuttér time 2tSerhiCh is divided.
FIG.'iS is a mbael_diég?am illuStr$tiﬁg the:bixél—--
T?éluesiéeveioped.in thé timé axis for é_durétibn of‘time
"qbfrespondiﬁé-to"thé.shutteritime 2fs, whidh is diﬁidéd;
FIG. l?li§-§ model.diégfam;i;lustfating the pixel
ﬁ;lues.déveloﬁ%g iﬁ thé.time axié for a duratibn'of time
':éofreSpoﬁding é; the shutter time 2ts, which is divided.

. ‘FIG. 18 is a model dia‘grémf illus‘trafcing' the pi'xel- o
values developed in_the'time'axis-fof a duration.of'timé
dorresponding té the shutter ﬁime 2ts, wﬁich is divided.

| ;FiG. 19 is a modei diagrém iilustfatihg'therpiXel
values developed in the tiﬁé axis for a agration'éf fime
corresponding to the shuttér time zts; whiéh is diviaed.:
FIG. 20. isr%;diagram'iilusfrating the p;oceés performed
. on the pixels inithe_mixed areaf

FIG_-2l'is a'diagram_illustrating-a‘chrohologically




FIG 10 is a nodel diagramillustrating the pixel. val ues devel oped in- tlne
~axis for a duration of tine corresponding to shutter tinme 2ts, which is:
divided. FIG 11 is a nodel diagramillustrating the plxeﬁsﬁgﬁﬁaﬁzagbeloped'
inthe time axis for the duration of time corresponding to the shutter
time 2ts, which-divided. FIG 12 is a nodél diagram- illustrating. the
pi xel - 13 values developed in the tinme axis.for the duration of tine
corresponding to the shutter tine 2ts, which is divided. FIG 13
i.llustrates extracted pixels of the 16reground ‘area, the background area,
and the mixed area. FIG .14 illustrates the relatlonshlp bet ween t he
plxels and the nodel in mhich t he pixel values. are developed in the tine

axis. V. B%Qi is.fo I -
correspon ndg%h§£ﬁe S d?t%é%W%é ﬂfi %%i{ atggdﬁi%%ngE%%G?E%Gais‘a
.nodel . smé%ﬁéﬂgidél%ﬂéfgd@g the plxel val ues devel oped in the tine axis.
for ration of time corresponding to the shutter tine 2ts, ‘whichis

di vi ded Fls@G 17%i25+ 8 smedelyrdindanams dddusty at 'diﬁ:cid&d?_;}l@slll

val ues-devel oped in the tine axis for a duration of time Kk._ correspondlng

10 the siulT efetd todsip WHGhed:s dipdded: in RIG d8:és dBesrogeh i agram
|IIustrat|ng the pixel values developed in the tinme axis for a durati.on. of

time corisespondiwg. to the shutter tinme 2ts,- which is divided. values
developed in the tine axis for a duration of tine corresponding to the
shut ter tInFIgtSZ3Whﬂdhsm$adEEldhé results of the process which o
".exsmlnes the approprlateness of_the.process for settlng the
" pixel wvalue having a high correlation to a pisei'in the helf
side:of'a.double—density image. - |
| FIG. 24 1llustrates the results of the process Wthh
--examlnes the approprlateness of the" process for settlng the.
E . pixel value having a hlgh correlatron.to a plxel~1n_the_half
;Side of rhe doubie—denSity imege | | | o
EIG 25 1llustrates the. results of the process whlch
examlnes the approprlateness of the process ‘for’ settlng the
plxel value havrng a h;gh correlatlon to arplxel in the half
‘side of the double—densify‘image. |
| FIG. 26 illustrates the results of the process which
© examines thersppropriereness.of'the process-for:settiﬁg‘the
.'pixel'value haﬁing‘a hioh correlation to‘a.pixel in the.half'
Aside_of the double—density image. | |
FIG} 27 illustrates tﬁe resclts of the'process,which
examines the appgppriatehess of the process for settingitﬂe
pixel value,haVing a high correlationrto a'pixel in the halfe

side of the double—density image.




FI G 20. is a dlagran1lllustrat|ng the process performed .on the pixefs in
the mixed area. FIG 21 is a diagramillustrating a chrongIOﬁlcal é
Sept enber 2005 - 14 i deal relatlonshlp bet ween a pi xel it %Sarea
and a pi xel -value thereof. FIG 22 is a dlagran1lllustrat|ng a
chronol ogically ideal relationship bet ween a pixel in the nixed area and a
. pixel value. FIG 23 illustrates the results of the process-which
rexam nes the appropriateness of the process for setting the pixel. val ue
haV|ng a high correlation to a pixeél %h the half side-of a double-density
image.. FIG 24 illustrates the results of the process which .exam nes the
approprlateness of the process for setting the - .pixel value having a high

correlation #p;a pixel1hdetheebathiesideutst e @Hlébb‘éo%@%' ﬁlbﬁﬂge FIG
25 illustrates the results of the process whi ch eXxam nes

appr opr ERLRNASS QﬁetQFp969§§§%eB@r555%tft kng I}%ce@'sx%lorv%lé@cﬂ?@“t% a hi gh
corfelation to a pixel in the half side of the double-density 1mage. FIG -

26 illupikalesalhe nEsuhySaohithécpreeessivhi & se¥amNes o he halr
appropriateness of the process for setting the pixel value having a high

correl asida v6 ahpi detbis-tbashalf imagde of the doubl’e-density i mage. FIL.G
27 illustrates the results of the process which exanm nes the -
appropri at enggs. cﬁBtiﬁaqndm&gmamcﬁlxmﬁtr@@um@ea prdeésyabeefbaMbﬂg a hlgh
correlation to api xel in the half _ _ o
on a pixel in the backgroundrarea.‘
FiG; 3d is a diagram\illustrating a process performed
on a pixel in the foregroﬁod area. |
FIG, 31 is a dlagram 1llustrat1ng a proceesrperformed
:oﬁfelpixel in the ‘mixed areef |
JFIG..BZ'rS a diagram-illustrating e,procese-performedr
.fana pixel in the background area - |
FIG. 33 is a dlagram 1llustrat1ng a prooees performed
on e“plxel ln the foreground area. | .
i
FIc: 34 lﬁlustrates the example of an input 1mage
-FIG 35 1llustrates the example of an enlarged input
'}imege. '
__FIG.-361illustratesra,rariation in the pixellvalue with
. respect to a pikel'position inlthe,ihpﬁt imege.' o
FIG. 37 illustreres the example.of.a_doublemdensiry ,o
1mage. | |
| FIG. 38 illustrates the exemple of.én-enlarged double-
density image. -, | -

FIG. 39 illustrates a variation in the pixel value

COrresponding to a"pixel position .in the input image. -




- the pixel value having a high correlation to a pixel in t EWQP?

side of the doubl e-density image. 15 FIG 28, illustrates the resul'ts of
t he process which exam nes the appropriateness of the pro ss forzgﬁ}tlng
de of

t he-doubl e-density inmage. FIG 29 is a diagramillustrating a process

- performed on a'pixel in the background area. FIG. 30 is a diagram,

illustrating a .process performed on-a pixel in the foreground area.. FIG
3l is a dlagran1lllustrat|ng a process perforned .on a pixel in the i xed

~area. FIG 32 is a diagramillustratil®g=a process- perforned on a pixel in

the ‘background. area. FIG 33 is a diagramillustrating a process perforned

on a pixel in the foreground area. FIG 34 illustrates the exanple of - an

i nput i mage. I SN I i mage.
FIG 36 ill u%%(%:a?legsgli\/daéf?%%%le&é h%e p1 >r<ge)lCsaf Ihée‘rhw ?égg%jeéc o a pi er
positioAphBethe input image. FIG 37 illustrates the exanple of -a

doubl e-density image- .  FIG 38 illustrates the exanple of an enlarged -
doubl e densify; | nege. 1 Fldrd:& idHdIdLA e aoﬁ/am@tématgb& t@o@z@l val ue
corresponding to a ' pixel p05|t|on in-the input image, Septenber 2005

- 16 density image.

FIG. 42 illustrates a variation in the pixel{valoe
corresponding to a pixel pOsition in the input image.

FIG. 43 is a flow diagram iilustratind the process of
time;resolutiop generation in shich an image having a dooble
'density_in.theJdirection ofitime is gederated;

'FiG.:44 is a flow diagraﬁ iiiustrating.the process of
:trme.resolution'generation intwhich.aﬁ‘iﬁage having aldouble

density in the direction-of'timé is generated.

Best Mode for Carrylng out the Inventlon
| FIG: 1 1sda block dlagram lllustratlng one embodlment
.:of-the image proce551sg apparatus ‘of the present 1nventlon;-
'A CPU (Central Processing Unit) 21 executes a variety of
processes in accordance w1th software programs stored in a
"ROM (Read Only Memory) 22 or a storage unit 28. A RAM
-(Random Access Memory) 23 stores software programslexecuted
| by the CPU 21 and data as necessary. ‘The CPU 21, the ROM'22;
-and the RAM 23 are interconpected to each other‘through a
bus 24. » | | |
-The: CPU 21 is connected to .an input and output

© interface 25 through the bus-24. Also connected to the




FIG 40 illustrates the exanple of the double-density' . image. FIG 41
illustrates the .exanple of the enlarged double- density i %@% ma?b
illustrates a variation in the pixel value correspondlrfgE a 6
position in the input image. FIG 43 is a'flom1dlagran1lllustrat|ng the

process of tine. resolution generation . in. which-an image having a
doubl e density in the direction of tine is generated. FIG 44 is a flow
dlagran1lllustrat|ng t he process of tinme resolution generation in which

an i mage having a double density imthe direction of time i'S gener at ed.
Best Mobde for Carrying out the Invention FIG 1 is a block diagram
illustrating one enbodi nent of the inage processing apparatus of the

presentlhpﬁen&h@nou€p£¥laﬁ€89t£eé ProgesshngibBLE) ndltesecules agvariety of
processes in accordance with software prograns stored in a ROM (Read Only

" Menory) k@2besrd, Sk 0hegee INbt 2%ni e G LRANQR AacesspMRmMinyx 23 stores
sof tware prograns executed by the CPU 21 and data as necessary. The CPU -

21, thesRM22,a ahshblhe RAM . PSud&peakat er cowected2 1 cegasht &8 hgr through
a bus 24 The. CPU 21 is connected to an input and output interface 25:
throughvaheehmsoﬂ4prd¢e@seenhscreﬂpomséheo6aSepmﬁeher13ﬁ65 FPolnput and
output interface 25 are an.input unit 26 such as a keyboard, a nobuse, or a
m cr ophirey t awrianZ ©ut Plite WHT 227 osm:futas arm mm ayoica, I@udspeaker The
CPU 21 'executes. a :
‘ obtarned as a. result of the processes to the output unit 27.
The storage unit 28 .connected to the input and output
interface 25, is a hard disk, and stores the program
exeCuted"by the CPU 21 and-a'diVersity of.pieoes:of data. A.
communlcatlon unlt 29 communlcates w1th an external
' apparatus through the Internet or other networks In'this
case, the communlcatlon unlt 29 works as a capturlng unlt
for capturlng the output from. the sensor
A software program may be obtalned through the
in.
communlcatlon unlt 29 and may be stored in the storage unlt
28, |
When a drive 30, connected to the 1nput and output ‘
interface 25, is loaded w1th a magnetlc dlsk 51 an optlcal
disk 52, a magnetooptlcal dlsk 53 or -a semlconductor memory
54, the drlve 30 drlves the recordlng medlum thereby
acqurrlng a software program and data. :The acquired
software program and data are transferred to and stored in
the storage unitﬁ28 as'necessary.

The process of the.image_processingeapparatus'for

generating an'image having a high density in the direction




~variety of processes in response to a' command input fromthe input unit 26.
The CPU 21 outputs an image, voice, etc. obtained as a_reéglt of E&% _
processes to the output unit 27. The storage unit 28"conn RIS e i nput
and output interface 25, is a hard disk, and stores the. program executed
by the CPU 21 and a dlver5|ty of pieces of data comuni cation unit 29
communi cates. with an external apparatus ..' through. the Internet or
other. networks.. In this case, the communication unit 29 works as a
capturing unite for capturing the odtput fromthe sensor. A software
program nmay be obtained through. the conmmunication unit 29 and may be-
stored in the storage unit 28. Wien a drive 30, connected to the input and
out put ofnt?fnfeaffo%5thlesdE‘EQd@thMEB 2:BRO0RLT GLoK 3L, T gpLLgal di sk
52, a magnetoopti.cal disk 53, or a sem conductor nenory 5 Fhaari ve 30
drives theqfecordi ng nedlun1thereby acquiring a software program and data.
The acquired software program and data are transferred to and. stored in
the storage mnst 28 #Sa NELESSM Yagrand NEL PIPCESS Y e 4RO HOGRSSI Ng
apparatus for generating an inmge having a high density in. the dlrectlon

6 Sept eabeth200hagelBroobsting &pparhbesdata captured fromthe sensor is:
di scussed below. FIG- 2 is a block diagramillustrating the construction of '

t he ‘i mage prmtstsemgtmp%maimné/\ytat hette ties dainotd onss iafg tdtgyaﬂmgﬁ;
processi ng appar at us :
are embodled in hardware or software is not important. In
other words, each_block d;egram in thls descrlptlon,maytbe
_ 'oons1dered.as,e‘hardwere olock diagram or a~softWare-'
'functional block diagram.
The' motlon blur here refers‘to a dlstortlon COntained
o inm an 1mage correspondlng to a moving object and caused by
the_movement of the-object in the real world to_be imagedu
and the imaging'oheracteristice offthe-seusor._c a
VIn the descrlptlon of the invention, an imege

.
correspondlng %O an object in the real world to be lmaged 1s.'

referred to as en image object.

The'inputiimage‘fed to the imaqe processing'apparatus
is'input to a fraﬁe'memory 101, & correlatlon calculator 103,
and a half- srde pixel value generator 105.

The frame memory 101_stores the-input.iuage:frame bj
'frame,=end feede the stored -image to a frame memory 102, the -
.correlatiOn.calculator 103, the eorrelation‘Calculator'104,

* and the haif-side.pixel value generator 105. rﬁhen a frame

- #n+1 of the 1nput image is fed to the image proce551ng

‘apparatus, the frame memory 101 ‘feeds the image of frame #n




are enbodied in. hardware or software is not inportant.. other words, each
bl ock diagramin this description nmay be considered as a ard | ock
di agram or a-software functional block diagram The nDtio ‘%g? refers
~to a distortion, contained in an inage corresponding to a nDV|ng\object,

and -caused by the noverment of the-object in.the real world to. be inmged
and the ihaging characteristics of the sensor. in.the description of the
inventlon an image corresponding to an object in the real world to.be .
imaged 'is referred to as an i mage~obfect. The input imge fed to the |nage
processing apparatus is input to a frame -nenory 101, a correlation
cal cul ator 103, and a hal f - si de pi xel value generator |05 The frame

mermory 4015t of £5.4 hee tléfag@hér§ﬂPrQYatio ”@al@ﬁga%8§d§0§heﬁ%% the

stored-imge to a rane nory 102 corre atlon cal cul at of
correl akhppe £t L4l AL Of o BNth 4 el fnsi Kler rPiXgl Nalue ggpgeator 1.0S.

Wien a frane #n+l. of the input image is fed to the ihmge processing
appar atgsSnetdecf rege. nenory 101 feeds the inmge. of frame #n 6 Septenber
2005 - 19 to the frame nenory 102, the correlation cal culator 103, the

correl ati omreal fadn@t Gin+104i s adndfﬁtﬁe haﬂ:fsﬁbdasawﬁl tvakue rgener ator 105,
The frame #n+l is a frane in succession to the frane #n, and the frame #n

is a fram the stieoesshond e afﬁazﬁrm:#rsdccaswldmam aﬂeﬂmme 1#)2—51 ores- the
i mage supplied fromthe ‘
. The frame memory 102 stores the 1mage supplled from the
fraﬁe.memory 101, and feeds. the stored 1mage to the
:correlation calculator 104, and the'half—SLde.prxel talue
generatof 105. - When the'image'processing‘apparatuaﬁist
.supplled with the 1nput image.of #n+l tﬁe'frame memOry 162
':feeds the lmage of - frame #nwl to the correlatlon calculator
f104 and'the half-side prxel:value qenerator 105.

The correlation calculator;iOB oaicolates a'correlation
Qalue-between & target plxel in the frame #n supplled from
the frame memogy 101 and the correspondlng plxel in the

.frame.#n+l, and feeds the correlatlon value to the.half—side'
‘pixel vaiue generator 105, For]eXample,)thefeorrelation
value calcﬁlated by the correlation'calculator 103 is.based
on a dlfference between the plxel value of the target plxel
in the frame #n and the pixel value of - the correspondlng
pixel in the frame #n+l. When theepixel values of these

. pixels are close to each,_the correlation ofrthe pixels is
Considered to be#pigh. In other-words,_the.smaller the"

-difference of the‘pixel ﬁalues, the‘higher the oorrelatioa;

The‘corre;ation.calculator_104 calculates a correlation




frame menmory 101, and feeds the stored image to the correlation calculator
104, and the hal f-side pixel value. generator 105.. \Wen t %

pt 2005
processing apparatus, is .supplied wi th the input inmage n+
the-frame nmenory. 102 feeds. the image of frame #n-1 to the correlatlon
cal cul ator 104 -and the hal f-si de pixel value generator 105. The correl ation
cal cul ator 103 calculates a correlation value between a target pixel in
the.frame #n supplied from the frane menory 101 and the correspondi ng
‘pixel inthe frane #n+l, and feeds t4fe —correl ation value to the hal f-side
pi xel val ue generator 105." For exanpl e, the correlation- value calculated by
the correlation calculator 103 is based on a difference between the pixel

val ue ofsthe Ba&gsénpaxehrgb@ bheelir age+#p eegmeh@npgﬁgbLYQBU@rQ the
corresponding . pixel in thé frame #n+l. Wen the pixel values of these

pi xel s arne erose meméaghiol. LA enkrebatbeponfiihheppik¥e! $ni speonsidered to
"be high. In other words, the snmaller the difference of the pixel val ues,

t he h|gheaméh¢nemrgebpll@a £Tbe enér ekbakkonemgal,cubat oandOdccalcuhates a
correl ation 6 Septenber 2005 .- 20 value between a target pixel in the
frame #nesubpin@dcéfﬁﬁlhhﬁoﬁraaEuaﬁﬂBryhéO&aaﬁdsEB@ pakegspandtng pixel in
the frame :#n-1 supplied fromthe frane nenory 102, and feeds the
resultlugnenateraIOBn deﬂexamukexfuheuﬁdrrnlhxxnn“#aluéue generator 1 105.
For exanple, the correlation val ue ' :

calculated by the correlatlon calculator 104 is based on a
dlfference between the pixel value of the target pixel in
the frame #n and the pixel value of the correspondlng pixel
in the frame-#n—l.

The half 31de plxel value generator 105 generates a

‘ plxel value of  an 1mage hav1ng a double den51ty 1n ‘the
dlrectlon of - tlme correspondlng to the frame #n based'on

- . the correlatlon value supplled from the correlatlon

.calculator 103 and the correlatlon value supplled from the
"correlatlon cagculator 1047 and_the plxel,values_of the
frame #n—l through the frame-#n+l The generated pixel
'values are fed to a half side plxel value generator 106.
- The generated plxel values are also output as an image
' hav1ng a double densrty in the dlrectlon of tlme
._ The—lmage hav1ng a double density 1n’the dlrection'ef
~ time 1s also_referred to a double—density image.
'The half—eide-pixelfvalue generator 105 also supplies
the‘half—sidegpiﬁgl'value.generator 106 with the'inage ef-
-frame #n. | | | |

The haltfside,pixel value generator 106 generates



.cal cul ated by the correlation calculator 104 is based on a difference
bet ween t he pi xel -value of the target pixel in the frane g% qu tggo i xe

val ue of the corresponding pixel in the 'frame #n-1. The°R&PFT&} %IXG|

val ue generator 105 generates a pixel value of an image having a double
density in the direction of time corresponding to the frame #n, based on
.the correlation value supplied fromthe correlation calculator 103 and the
correlatlon val ue supplied fromthe correlation calculator 104, and the

pi xel . values of the frame #n-1 throdgdh—the frane #n+l. The generated pi xel
values are fed to a hal f-side pixel value generator 106. The generated

pi xel values are also output as an inmage having a doubl e density inthe -

di recti gRoPheki PExdieykh IBYCo RAYL NGna;doHbl ¢, egsaaﬁbng P?ﬁ Egegalon of

time is also re erred to a double-density I pi xel val ue

gener at fhe 195rab80-8UPP! { B8t BErhatfonh de ptaethgakyemgeﬂﬁrasgge&06 Wi.th
the image of frame #n. The hal f-side. plxe? val ue generator 106 generates 6

Sept enber 20O5pix@l vanesher phxeimygbugszeingnai ABGB1HAYERL: &ydoybl e
density in the direction of time corresponding.to the frane #n, based on

t he pi xehe val tectdéntbe trmaesxh\p;ywedafﬁl@ubmedeerfwlee piiaeldl rection of
time supplied: fromthe half-side pixel value generator 105, and the inmage

of 'franmealme. @m@enmt@ntkOSthEn@enMeeﬂmmbendelfyaMGe#ﬁs andlﬂngpuhaV|ng a
doubl e density in the direction of tine.
‘the generated plxel value as -an 1mage hav1ng a double
'density in the direction of time.
Referring to. FIG. 3 through-FIGg l9;_therinput imagef
fed'torthe.image'processing apparatus is discussed below
| FIG 3 1llustrates the 1mag1ng operatlon by a sensor
The. sensor 1is formed of a CCDh v1deo camera havmng a CCD
(Charge Coupled Devrce) area sensor as a solld—state lmage
plckup dev1ce An object 111 correspondlng to the
foreground in the real world horlzontally moves from the
7 left-hand 31dei§o the‘rlght—handﬂside between an objeéct 112
corresﬁonding to the background in the real‘world.and:the
' sensor. | V
_ The‘sensor captures the 1mages of the object 111
_correspondlng to the foreground together with the object 112
correspondlng to the backgronndL The sensor then outputs
the captnred inage-in units of one.frame. 'For example, the:
_sensor outﬁuts an imagefformed‘SO frames per second. ﬂhe
'exposure time of jthe sensor is thus-l/30 seeond' The |

exposure time is ‘a duratlon of time from the beglnnlng of

the conversion .of 1nput llght inte electric charge and the




Referring to. FIG 3 through FI'G 19 fed to the image proce55|ng appar at us
FIG -3 illustrates the inmaging The sensor is forned of asgcq é gg

(Char ge- Coupl ed Device) area sensor 19,. the input image °r&Pal8€as%ed

bel ow. - operation by a sensor. camera having a CCD as a solid-state imge
pi ckup devi ce. An object 111, corresponding to the foreground in the real
wor | d, horizontally noves fronlthe | eft-hand side to the right-hand side
between an object 112 corresponding_ to the background in the real world
and the sensor. The sensor captures: ?ﬁe i mges of the object 111
corresponding to the foreground together with the object 112 correspondlng
to the background'. The sensor then outputs the captured inmage in units.

of One dH@MBE o5 EXARDIS:od Ner . SRNSDILOUL PUIS, A idBgecdorned 30 frames
per. second. The exposure. tinme of the sensor. i s thus 1/ 30 second The -

exposurghdide. | Tha Gxpishar afind MR fnew thedregidnriong OfsHihia gonver si on of
input Tight into electric charge and the 6 Septenber 2005 22 end of the

conver Stigme of the input light into electric charge- The exposure tine is
also referred to as shutter time. FIG 4 is a- diagramillustrating the
arrangenent Fafc.. 4 is a diagram illustrating the arrangement of .
-pixels As shown' the letters A through I respectlvely
represent 1nd1v1dual plxels 'The.plxels are,arranged on'a:
'plane corresponding to the 1mage.' A-single detector~element
correspondlng to & 81nglexp1xel is. arranged on the sensor.
:When the sensor captures the 1mages a 51ngle detector
element outputs a plxel value ‘corresponding. to a 51ngle,'
rplxel formlng the 1mage For'example the locatlonrof each -
,jdetector element in the X.dlrectlon corresponds'to'a |
locatlon in the horlzontal dlrectlon of the 1mage and the
locatlon of each detector element in the Y dlrectlon
corresponds toHa-locatlon in the vertlcal dlrectlon of theA
1mage. ‘ ‘
Referring to FIG 5, the detector element as the CCD.
i'converts the 1nput llght into electric charge for a duratlon
"of time correspondlng to the shutter tlme and accumulates
:the resultlng-electrlc charge. The_amount of electrlc-
) eharge is eubstantially proportlonal to the inteneity of
- input light and thelperiod of time‘during'which light is
input. During‘tng-period of time corresponoing to the‘r
shutter time, therdetector_element“adde, to the,already

".accumulatedncharge,-charge into which the input light is




pi xel s.. As shown-, the letters . A through | respectively represent

i ndi vi dual pixels. The pixels are arranged on a plane co r.es on '8 to the
i mage. Asingle detector element corresponding to.a single ?Q bere r anged
on the sensor. Wen the " sensor captures the-inages, a single detector

el ement outputs a pixel value corresponding to a single pixel formng the"
i mage' .. -For exanple, the location of each detector elenment in the X
direction corresponds to a location in the horizontal direction of the
image and the |ocation -of each detect®™r elenent in the Y direction
corresponds to ,a location in the vertical direction of the inage.
Referring to FIG 5 the detector elenent as the CCD converts the input

li ght IabﬁvékﬁéaflCe&%Eﬂﬁﬁhéfiy?-@h@Eﬁéﬁ%bf%rtéI%héﬁ%rE§EEE¥H to the .
shutter time, and accunmulates the resulting electric charge. e anmount of

el ectri enechapge ragﬁubﬁbanhlabkatmbﬁpettt@aalcotgegbénuahanﬁbtxhef | nput
| ight and the period of tine during which [ight is Tnput. During the

period shuttee tonepspaadsogree the shukttehct bRBrget hesgehester¢gl ement _
adds, to the already ~accunul ated charge, charge into ich the input |ight
is 6 Sephenbete@bBfbe@3ligbhnuvertles.deiSpenif i €bdhant the deiectorial ement
integrates- the input light. for a duration of time correeponding to the-
shutterasihavingna Bimeesnthgretecnreffeharge responsive to the integrated
light. The detector element is thus called .as having a time |ntegrat|on
effect.. The @ee@thﬂqtltﬁharcg‘eame)r@cbneﬂ tahe thet e:mmcecb:enemfaerst is

converted into a voltage value by an unshown circuit, and
-the voltage value is converted into a plxel value such as
dlgltal data and then output. The individual pixel values
output from the sensor have a value prOJected in one-
.edlmen51onal space,.whlch is' obtalned by 1ntegrat1ng, with -
xreSpect to thehshutter tlme a-glven portlon of an object
.correspondlng to the foreground or the background and
hav1ng a spatlal expanse o |
FIG: 6 plgts plxel data of the sensor hav1ng an
integration‘effect in response to the lnput of light
'reeponsive—to thetinput"‘Referring to FIG. 6, f(t)
.represents a chronologlcally 1deal pixel value respon51ve to
‘_the 1nput llght and 1nf1n1tesrmal time. |
Referrlngrto FIG. 6, the horlzontal solid lines
represent pixel values of'the-input image caotured bv the.
sensor. Referring to‘FIG» 6, the horizontal broken lines
represent the plxel values of an 1mage havrng a double.

"-den51ty in the direction of time.

As shown, the shutter time of the sensor is a duration




converted into a voltage value by an unshown circuit, and the voltage val ue
-~ is converted into a pixel value such as digital data, and_then output. The
i ndi vi dual pixel values output fromthe sensor have a’val%éeﬁ?%W%G&EH in
one di nensional space, which is obtained by integrating, with respect to
the shutter time, a given portion of an object corresponding to the
f oreground- or the background, and .having a spatial -expanse. FIG 6 plots
pi xel .data of the sensor having an % integration effect in response to
the input of light responsive to thednput. Referring to FIG 6, f(t)
.represents a chronol ogically ideal pixel value responsive to the input
light and infinitesimal tinme. Referring. to FIG 6, the horizontal solid
lines repbasenhepi-xekovakbestaf tha kapwkpi-EBAe+eAPLN 6¢ by the sensor.
Referring to FIG 6, the horizontal broken lines represent the pixel wval ues
of . an inmge fYiAgsangoubhetngdensht Ypiel headiresti gnsohgiime. As shown,
the shutter time. of -the sensor is a duration 6 Septenber 2005 - 24 from
tine tlpiecti B pBxedndaita neprepentedtby ByStch@uhhecagmsunption that the.
- pixel value of a single .piece of pixel data is represented by the. uniform
.integrabtegratian bdeah pixel pakee &l)e. Fhe)pi xeke yakee ¥ilat the pixel
data .corresponding to the duration fromtime tl. to time €3 is expressed in
equat i opf (the mhdelhdapexebrwvakpend¥@gotot hbepixehtdahafeomr espending to
the duration fromtine. = o ' ' '

to time t3 is expressed in equation (1), and the pixel value
Y2 of the pixel data corresponding to the duration from time.

t2 tC.time t3fis expressed in equatioﬁ*(Zf;'and the pixel

value Y3Joutputffrom the sensor is éxpfessed in eqUatibn {3}).

Yl":Iﬁfﬁjdt Lo o (1
=L t o 1 | : 1)
--§2'4';f3fﬁﬁd£ r o ;2)
A - I L ‘ .
[ 3 -;-'- B l B
Y3 = ff@ﬁt-——
. 1‘_‘ i 2ts . (3)
Y1+ Y2 ,

S
, thatidns (4) and-(S)'are obtained by'rewriting
. equation (37.. | |
1 ='2Y3'— Y2 | | (4)
¥2 = 2v3 - y1 : (s
If thé pixei.value_YS from the sensor and the pixei-
?alue Y2 of tﬁe bikel data corresponding to thé durationi
-from time_tZ.to E}me t3 are known, the pixel.value lebf the
pixel daté'cbrrésponding.to‘the durétioﬁ from time tl to

Ctime t2 is éalculated from equation (4). If the pixel value




t2 to. time t3. is expressed in equation (2)., and the pixel value

Y3-out put fromthe.sensor is expressed in equatlon (3). z.1 Yl % %dt .
isY2=J. f(t)dt 1 2is.Y3 =31 i f(t)dt 2ts 2 EqRIEF'HALTEYS and
equation (3) . . Yl = 2Y3 Y2'(2)'(3) (5) are obtained by rewiting (4) Y2
= 2Y3 - Y1 If the pixel. value Y3 .value Y2 of the pixel data (5) from
the sensor and the pixel =~ corresponding to the duration. fromtine t2 to
time t3. are known, the pixel value YL of the pixel data corresponding t
the duration fromtine tl to time €24 ~cal cul ated from equation (4) If the

pi xel -val ue
Y3 from-the,sensor”and the_pixel value Y1 of the pixel data
corre5ponding to the duratioh.from time tl to time t2 are
" known, the pixel value Y2 of the_pixel‘data‘correapondihg to
'dthe duration5from time_tZ todtime t3 is calculated from
' hequation (5) .
If the pixel value Gf one pixel and one of the pixel
values‘of the:pixel data‘oorresponding to the two durations
 with respect to the ohe.plxel are known in-this way, the
'plxel value of -the other of plxel data correspondlng to the
ftwo duratlons 1srcalculated |
FIG. 7A 1llustrates ‘an 1mage that is obtalned by
'l_lmaglng an object correspondlng to a mov1ng foreground and
an obiject correspondlng to a. statlonary background As
lshown, the object correspondlng to the foreground
‘horizontally” mgves from the left- hand 81de to the rlght hand
51de with respect to the screen.
FIG. 7B illustrates a model diagram in which the-pixel
- values in a. 31ngle llne of the 1mage illustrated in FIG. 7A
A are developed in time ax1s " The horlzontal direction of FIG.
- 7B corresponds to’ the direction of spaoelx in FlG. 7A. - |
‘-The-pixels in the backgrouhd area haverpixel values
formed'bf-only‘the componeht of the image oorresponding to
the baokground o%jectrlhereinafter referred to. as the
background component). The pixels lnathe foregrOund area -

-fhave pixel values formed of only the component of the image




~ two durations with respect to the one pixel are known in this way, the

- 6 Septenber 2005 25 Y3 fromthe sensor- and the pixel value Y1 of the pixel
~data corresponding to the duration fromtine tl to time %§ atrebk:ggﬁ\%], t he
- pixel value Y2 of the pixel data corresponding to the du FREn-F mtime
t2 to time t3 is calculated from -equation (5). |If the pixel value of one
pi xel -and-one of the pixel = values of the pixel data corresponding to the

pi xel value of the other of pixel data corresponding to the two durations
~is calculated. FIG 7A illustrates a®®i mage that is obtained by inmaging an
obj ect corresponding to a noving. foreground and an object corresponding to -
a stationary background. shown, the object corresponding to the.foreground
hor i zont@t s paryesnd ram the f@fé?f@ﬁ'ﬂi sbiipeto thersightrbandersideawith
respect to the screen. FIG 7B iTlustrates a nodel diagramin which L
t he- pi xed ayatnesréregrowidd@nbdmenef.the image illustrated in FIG 7A are
devel oped i'n tine axis. The horizontal direction of FIG 7B corresponds to
t he directi mheofpis@dce inX the hiGed/ Arcthaipie@likdIn ddimadmckgriound area
have .pi xel values .forned of only the conponent of the inmage corresponding"
to theddckgnouhdoljecnt (dret eilnaf feregedwid ecbgoment he s haskgr ound
conponent) The pixels in the foreground area have pixel values forned of
onl y t hHeieanponientinoftiihenixmyear€ Sept eiene@095 the background

_component and the foreground component, it may be called a

distorted areéf .Thé”mixeq area is divided into a covered
backérpundlérea and an“unébvéféd backgréund area.
The;coveyed‘bagkground aféa‘is a pqrtiqn of the mixed

'_areé éorrésponding,to agforward-end-of thé_bbjectiéf the
'foregfound;in the difeétiongof moveﬁent'thereof, and in-thér
cdvered.backgroﬁnd'arééj'the»backgroﬁnd7is 66§éred~with thé‘

,_,foregrdﬁnd'withfthe elapseVOf time; |
, jﬁ COﬁt;a$t;'thefﬁncbvéred baékgroﬁnd area is a portion
[ ' ' '

of the mixed area corresponding to a backwaxd end of the

objéct of the féregﬁouﬁafin fhe.diréctidﬁ of movement, and-
‘in the-un¢o€ered'backgrdﬁnd, the background'is appearihg:
with thé-elapsé of time. |

VIn-fhis wéy; an imagé, qbntaining_the foregrouhd; thé
background, the covered_backgfoﬁnd.aréé,Aand'the uncovered.
backg;ound area is fed, asrﬁhe input-imégéf to each of the
frame meméry 101,'thé_§orrelation calguiator.IOB,.énd the
half-side pixel %giﬁe'genefatér 165.7

FIG. 8 explains the background area, the:forégtound

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




26 corresponding to the foreground object (hereinafter referred to as. the
f or eground conponent). The pi xel s in the.m xed area have @%xel é

t he  background conponent and -the. foreground conponent. CH &géxels
in the m xed area are fornmed of the background. conponent. and the
-foreground conponent,. it may be called a.” distorted area. The m xed area
is divided into a covered background area and an uncovered background area.
The covered background area is a portion of the m xed area correspondlng
to a forward end of the. .object of T He Tforeground. in the direction of
novement thereof, and in the covered background area, the background is
covered with the foreground with the el apse of. tine. Ln contrast,

t he- uncovesesrbackgeeypeunaeares . a:npnﬁiéwlofﬁtﬁéwaﬁﬁg%%hf¥EE£¥HE&§pond'“9
to a backward end of the object of the foreground in the. direction .of

novenmenin BOE. Tn-the bacryesefdbaekgr oung, stheibgekgseundths appearing
with-the elapse of time. In this way, an inmge, containing the foreground

the bawaﬁgmmmhdtamemoﬂer&dmbaﬁkgrpuﬂﬂloﬁreaheaﬁdvéB@dUB§@M§£6ﬂnd
background area is fed, "as.the input inmage, to each of the .frame nenory
101, thefcbh&emzxednareacu$aaopoﬁﬂsonamﬂefeetheabéesgdeupdxel val ue
generator 105. FIG - 8 explains the background area, the foreground area,
‘the n1X%@ﬁ%ﬁ%%%onsIﬂeﬁeovemedfeaﬁkgmmmﬁd an@athandntieefeSept enber 2005 - 27
uncovered background... area. In view of the image il lustrated : o
background of the mixed area 13 a portion where the : |
‘_ foreground tran51tlons'1nto-the‘background
FIG 9 is a model dlagram lllustratlng plxel values of
‘& llne of consecutlvely arranged plxels developed in tlme
'2a$15 in an image of the object correspondlng to the mov1ng .
foreground and the object correspondlng to the statlonary
background For example the plxels-arranged in a llne of
the 1mage are selected as a llne of adjacent pixels .
leel valuee FOl through F04 1llustrated in FIG 9 are’.
those of the” glxels correspondlng to the object of a Stlll
‘foreground and plxel values BOl through B04 lllustrated in
~FIG. 9 are those of the pixels corresponding to the objeot
of a‘31ll backgroundf
ihé vertical direction'fron top to bottom in FIG. 9
'reﬁresents the eiapee of'time. The‘top side of the’ |
' rectangle ehown in FIG. 9 corresponds to;time at which the
conversionrof light incident on'the.sensor into eiectric
Fcnarge starts,Iaqo the botton.side of the'reotangle shown-in
Fin 9 corresponds to timenat which the conversiOn'ofolight

incident on the sensor into electric charge ends.




in FIG 7, the backgr.ound area is a still portion, the foreground area is
a noving portion, the covered background of the. nixed area is a. portion
where the background transitions into the foreground, anﬁSFWEmHW@EWEred'
background of the mixed area i-s a portion where the foreground transitions
into the background. FIG 9 is a nodel diagramillustrating pixel values of
aline of consecutively arranged'pixels developed in tine axis in an inmage
of the object corresponding to the noving foreground and the object
corresponding to the stationary backgr ound. For. exanple,' the pixels
arranged in a line of the inage are selected as a |line of adjacent .

pi xel s pi xel values FO1 through FO4 illustrated in FIG 9 are those o! the

pi xel s t t t grau xel val ues
o o SEEECERGE P9 HAct BsPRhEg! £o8f Bnd! bbb LaLROTRuMh: 3318

COVreSDQBangftQhEhgethﬁﬁie etrarsi kb @ﬁ@kghg%@@r Fhgevenrti cal d'rECt'O”
fromtop to bottomin represents the elapse of tinme. The top side

of the rectangties S@pmsgl&l Gh&: COSTESPONUEHE OshirFRe AL £ WAk Cht L he
conversion of light incident on the sensor into electric charge starts,

and t heahat tpe sikdReofintBeva@chasgbqushows. ekBhFb&ne®.corresponds to tine
at which the conversion of-light 1incident on the sensor.into electric

charge ends.The 28 :SpesifaTaliyecthen distErce I roortbepondsstdetho the
bottom side of the rectangle refers-to the shutter tine 2ts. In the
d|scussdmnethaonfoflspacetHedshutseedtwnEthefeaadceheOfFaﬁe 7nterval are
equal to each other .
‘ Spec1flcally, in the. example shown in FIG. 9, the distance
f:om the left side of the rectangle de51gnatedi"Fdl" to the
; 'right side of the rectangle désigﬁated'"BOé" as shown-in FIG.f'
9 corresponds to eight tlmes the plxel pltch namelﬁ, |
corresponds to the exten51on of 8 consecutlve plxels _
"When the object of the-fopeground and,the object ofrthe
5aok§round are still, light. inoident on the sensor remaine |
‘unchanged for é duratlon of tlme correspondlng to the :
' shutterJtlme 2%@ |
The duratioh of:time correeponding to the shutter time‘
'2te:ie divided in£o.at‘least two equal length segmeots. For
exaﬁple, When a virtual diﬁisor‘numberAis 4,lthe model- |
illustrated.in FIG. 9 becomes the one as-illustrated in FIG.
eld. The virtual diﬁisor oumber is-set up.taking into
‘.accoﬁnt the amount of movement-v oflthe-Object corre3ponding
" to the‘foreground,within the shutter time 2ts. |
The amount q§ movemeotlv indicates-a variation'in‘the
';position_of the image correspohdinglto fhe:mOVing objeet in

units of pixel spacing. For'example, when the image of the




The horizontal direction in FIG 9 corresponds to the .direction of space
X discussed with.reference to FIG 7. Specifically, in th exa gigomn in
FIG 9, the distance fromthe left side of the rectangle S n§¥§ 01" to
the .right side of the rectangle deS|gnated BO4" as shown in FIG
corresponds to eight times the pixel pitch, nanely, corresponds to the
extensi on of 8 consecutive pixels. .Wen the object of the foreground and

t he obj ect of the background-are still, light incident on the sensor
remai ns unchanged for a duration of 4% corresponding to the shutter. tine
' 2ts . The duration of time corresponding to the shutter tine 2ts is
divided into at | east two equal |ength segnents. For exanple, when a

Vi Tt ual o ¥ 80 o AUEBEERAk g ot Jegﬁgtg%g%},ﬁ trated LgFLE .9 hecomes the

one as ilTustrated in FIG vi'r IVISOF AUNDEF PIs “Set up taking.

into. ageend ibsrampyinkoQf ﬁQMQﬂEHBnVaOBe&@efQQhéchltﬂrE%%E%%@' Qg the

foreground within the shutter-tinme .. The anopunt nove v indicates -

a vari ath®ncifgifgl positien oh the §reas EQEﬁ@SpQHQ'QﬁthttB% movi ng
object in units of pixel spacing. For exanple, when the inmage of the 6

Sept eniesv @RS -v 29 Bk eChagor 6 £SPRAdbBYete therbepegneupdraOYgs. and
appears spaced apart’ by four pixels on a next frane with respect to the

orlmluﬁormgmdummlislrmmegrs@ntér@se4 t he amount of novenent v of the
i mage of the object corresponding to the foreground is referred.tb as 4;
- For example, the v1rtual d1v1sor number 1s set to 4 ' '
. when thelamount of movement of the object is 4, and the
' duratlon of time correspondmng to the shutter time 2ts is
'dividedg§nto 4-segments;- | | |
| The‘tcﬁmost row illustrated in FIG. lOris,a divideu h

1segment et:the beginning ofrthe opening of a shutter.‘:A :

second row iflustreted in FIG. 10 is.a divided segment thet.
qcomes second from the openlng of the shutter A third row'
1llustrated 1n*FIG lO 1s-a-d1v1ded segment thatthmes third

from the- openrng of - the shutter A fourth row illustrated '
~in FIG. 10 is a lelded segment that comes fourth from the
‘openlng of the shutter. |

The shutter tlme‘2tS‘segmented in response to the
'emOUnt of movementrvtis also referred to as shutter time
C2ts/v . | ‘ | | |
When the object corresponding o the. foreground 1s
stlll the llght lncldent on the sensor remalns unchanged.
The foreground component FOl/v equals a value Wthh is

'_ obtalned by leldlng the pixel value FOl by the virtual

divisor number. Slmllarly, when the object correspondlng to-




For .exanple, the virtual divisor nunber. is set to 4 when the anount of
nmovenment of the object is 4, and the duration of time cog&gﬁgq?dégg to the
shutter-tine 2ts is  divided-into 4 segnents. The topnost T rated
in FIG 10 is a divided .segnent at the begi nning of the opening of a
shutter. second rowillustrated in FIG 10 is a divided segnent that cones
~second from the opening of the shutter. Athird rowillustrated in FIG 10*
is a divided segnent that-conmes third fromthe opening of the shutter. A
fourth rowillustrated in FIG 107i $%a~divi ded segnent that comes fourth
fromthe opening of the shutter. The shutter tine 2ts segnented in response
to the ampbunt of novenent v is also referred to as shutter time 2ts /v
When then@bEgeLyfonsgsponding: tocfihers pLoas dcéﬁpanéﬁ%'#@:awe light
i ncident on the sensor remains unchanged. The foreground conponent - FOl/v
equal s. eguX¥akug ¥hi GO {8at 0Pt abiesi Dy dbyi gl pgaihe Phaebiyal ugaFQd by the:
virtual divisor nunber. Simlarly-, when.the object corresponding to 6 -
Sept embep2 2095t he 30i Fheaf 0l L@ SN hhdb St | | Hhe t Aerd @FrOGRQUREMEORPRRENt FO2/ Vv
equal s a value that is obtained by dividing. the pixel value F02 by the -
vi r-tual Fogyvsequausbervalhe. thof eps ostseh Cosponendi v @34y eneapsxar val ue
that is obtained by dividing the pixel value FO3 by the virtual divisor
nunber , vabdet he3 f oy egii® unih t eolpdinend o FOdhinbeqguadsd atval ferédaduns _
obt ai ned-by dividing .the pixel value FO4 by the virtual divisor nunber.
~ component F04/v equals a value that is obtained by dividing '

‘the pixel value F04 by the virtual divisor number.

»

When the object corresponding to the background is

still, the light incident on the sensor remains unchanged,
'aﬁd,the background component B0l/v equals a value that ié_

~obtained by dividing the pixel.value V0l by the virtual

| divisor numbex . Similarly,'when the‘objéct éorreépbnding to
"the béékground'is_still, the-baékground component-BOva . 
eQual$ a’ﬁaiuéythat ié_obtaiﬁed,by dividing tﬁe-pikel vaiue.
- SN . T . S
.BOZ'by 4the vir%?al divisOr number, the baquﬁdund componeht
BOB/V equais él;alue fhat is obtained bf dividing the pixel-
.'value'BQ3 by the_virtuéi divisor number, and the backgrdund
~'¢dmponent B04/v equals a value that is obtained by-dividing
- the-pixel value B04 by the #i:tual divisor number. |
In othér words; when the objeéct correépo#ding to the
“-fdreground is'still, light,-indident.on the sensor and
Corresponding'to'the object of the foregﬁouﬁd, remains
‘:unchangéd for tﬁ%:aurationjof time correspénding.to thé
"shuttef‘time 2ts;r-Therefore, the foreground cOmponenﬁ”FOl/v

for the shutter time 2ts/v that comes first from the opening



When t he object corresponding to the background is still, the |light

i nci dent on the sensor renains unchanged, and the backgr gng con ent
BA/v. equals a value that is .,obtained by dividing the % ST “val'ue V01
by the virtual .divisor nunber. Simlarly, when the object corresponding to
the background is still the background conponent B02/d. .equals a val ue that
_I's obtained by dividing the pixel value B02 by the virtual  divisor nunber,

t he background conponent B03/v equals a value that is obtalned-by '
~dividing. the pixel value B03 by the3lvirtual divisor number, and the
background conponent B04/v equal s a value that -i s obtained by dividing

t he pixel value B04 by the virtual divisor number. In other words, when the

obj ect SPVtﬁépQWQt@QrtOth@efoiggﬁgﬁﬂdn@oﬁﬁoﬁéﬁt|?OthhEor'@ﬁedent on the
sensor and" corresponding to the object o oreground, renains

.unchangegt £oF N8 dtF a1y 0Pt LhiBs COEESSROPELAYLER bhenifhubEeL LI me 2ts.
'Therefore the foreground conponent FO /v for the shutter tinme 2ts/v that

cones finsttds omuber OPeniHgnE SeRbenbet RODPyv 3torofnthengbubier;mbhe

foreground conponent FA /v for the shutter tinme 2ts/v that- conmes second
from t hetopentinge oforhde Shitd efrohhené Odilﬁ@ﬁﬂnl@doﬁoﬁﬁéngﬂht’f@i/ Vah@r the -

shutter time 2ts/v that conmes third, fromthe opening of the shutter, -and -
t he foremge WWMmﬁnéNtfmuthefcsbutltershuﬁe?_tsiMethaﬁ/eomas fourth-
from the opening ofthe shutter beconme the sane val ue- -The sanme i's true of-
FO2/v tthaugronkat/ fourithefrdmetiobj epeningorf esipenshagteo beeorbacklgeound is
still, light, incident on the sensor and corresponding to o
same value. The same is true of F02/v through Fo4/v.
.Whentthe object_correspondlng to the background is
. etill 11ght 1nc1dent on. the sensor and correspondlng to
the object of - the background remalns unchanged for the .
duratlon‘of time corresponding to the shutterbtime'Zts;“'“'“i
Therefore the-background'component BOl/v for~the*shutterh
tlme 2ts/v that comes first from the openlng of the shutter,
-the background component BOl/v for the shutter tlme 2ts/v
that comes secgnd from the opening of the shutter the
.background component B01/v for the shutter time 2ts/v that
‘comes thlrd from the openlng of the‘shutter,'and the
background component'BOI/v for.the,shutter time éts/v that
comes fourth from the openlng of the shutter become the same
value. The same is true of BOZ/V through BO4/V
Discussed next is the case in Whlch an object
;correspondlng to the foreground is movrng whlle an object
' correspondlng to the ‘background is stationary..

FIG. 11 is a model dlagram 1llustrat1ng the pixel

- values of a line of pixels_deteloped'in the time axis,




the object of the background, remains unchanged for the duration of tine
corresponding to the sShutter tinme 2ts. Therefore, the ba gg%hoquz&ﬁﬁponent
BOl/v for the shutter~ time 2ts/v.: that comes first fromThe opéni'ng of

t he shutter, the background, --conponent BOl/v for the shutter tinme 2ts/v.

i4 that comes second fromthe-opening of the shutter, the: .background
conmponent BOl/v for the shutter tine 2ts/v that cones third fromthe
opening of the shutter, and the back%round conponent BOLl/v for-the shutter
~time 2ts/v that cones fourth fromt openi ng of the shutter becone the
same value. The sane.is true of BO2/v through B04/v. Discussed next is the
case in which an object corresponding to the foreground is nmoving while. an

obj ect wgereespendbvarta EQ@k?@&ﬁﬂﬁoﬂgdpkés§ﬁ€tk?ﬂﬁrﬂhe §becdl is a , nodel
dlagran1|IIustrat|ng t he pi xe val ues of a line of pixels developed in

the. tigBraxkgon8iSeptenbee 20P8grovrd WV ehd Ai§RYesedipackground is -
present with the object corresponding to the foreground noving

rlghtmaRdfyrrlnﬁeferFEGg 10, Ftke didoutibeoanpopémeht Mpvefeate Vv of the
foreground.is 4. Since one frame is a short period of time, the assunption
t hat t hEoobgectindoisesporslimeg tand hfer anfeoriegraountbits prersiald dbadmegnd novVes.
“at ‘a constant speed holds. As shown; the inmage of the object of the
foregrotund &ssghpfied thgbth@edb@oé@i4c®wxe$pom@1m@et@eumefrane with
respect to a given frame. Referring to FIG 11, the leftnost pixel to the =
fourth foreground is a.sol;d body and moves at a constant speed
lholds. ‘As shown, the iﬁage of the object of the foreground
is shiftedcrighfwardly;byk4 pixele'on:the next frame with
rrespect to a given frame. - .
Referrlng to FIG. .11; fhe 1ef£most pixel fo:the fourth
-plxel in the frame from the left-— hand 31de thereof belong to-
'the-foregroundAarea The flfth plxel to the seventh plxel
'belong to the mixed area, whlch is a covered background axea;
_Referrlng to FiG ;l, the fightmostrpizel beiongs to the
"-background areg | | |
,Slnce-the object of-the foreéround moves'in a manner
-'such that it covers the object of the'beckground,wich the
eLapse of time, components contained in the pikel values.of
the pixels-belonging to‘the covered background afea chanoe-
from the background component to the foreground component at
. a point of time within the duration of the shutter time 2ts
The pixel values M enclosed in a solid box as shown in
{EIG. 11_are:expr%§sed by the following eqoétion {(6) . . .
| 'M=B02/v‘+ BOZ2/v + FO7/v + FO6/v | (&)

.As will_be_discussed léter using eguation (8), a




pixel in the franme fromthe left-hand side thereof belong to the- -
foreground' . area. The fifth pixel to the seventh pixel begl.o o the-
m xed area, which i's a covered background area. ReferrﬁngsF@gﬁkﬁgbgg, t he
- rightnost pixel belongs to the background area.. .Since the object of the
foreground noves. in-a manner such that it covers the object of the
background with the elapse of tinme, conponents contained in the pixel

val ues of the pixels belonging to the covered background area change from
t he background conponent to the f oregfound conmponent at -a poi.nt of tine
within the duration of the shutter tinme 2ts. The pixel values Menclosed in"
a solid box as shown in FIG 11 are expressed by the follow ng equation -
(6).. NEBOREM #5+1BO02LMrd<EQPLVa+ ERBLVoE6). AscibbbuRa dbspuasad |ater
usi ng equation (8), a mxture. ratio represents a ratio of a background
conponept efet pexpixehival ue. Hereinafter, the mxture ratio is represented
by a. For exanple, the fifth pixel fromthe |eft-hand side contains the
background ‘qosponenttof | acisd ngleoshutterid | 1@ r&bsdvempel tihe dor eground
conponent of three shutter tines 2ts/v, and the fifth pixel has a mxture
ratio a of Wdk efimsle ! hehsixitepipiete riomd hend efd Fhanghsi gliedsont ai ns the
background conponent of two shutter tines 2ts/v and the -z, foreground - E
conponendnbdibmotsubéekgtomes Qosponenheofi xtsirglat shuatehetrent is 1/2.
The seventh pixel fromthe left hand side contains times 2ts/v and the =~ -
f oregr otihel/v and the foreground component of three shutter times '

Zfs/v, and the fifth pixel has a mixturé ratio‘a of 1/4. .
Since the sixth pixel from-the left—hand side cqntains'thé
) baékgrouﬁdrcomponent of two shutter times 2ts/ﬁ and £her |
3foreground component of two shﬁtter fimes'Zts)v, the mixtufe'
jffa£io o thereof is 1/2. The seﬁénth pixél'from‘the léf£¥ 
ﬁahd éide-dontaihslﬁhe background componént'of threé shutter
timés'zfé/v and ﬁhé fbfeground cdmponent-of bhe éhutter time“
'2ts/yg énd tﬁé?miﬁﬁure tétio a thereéf-1313/4;
When_it'i;haséumed-thatthe~object-of the foreground is.;
' é.s§iid body’aﬁé moves at_a.cénstant.speed so that the image'u
 .0f the foreground appears shifted by 4 pixeis dh the:next
:frame, the foreground component F07/v éf fhé foﬁrth pixel
frbm the 1efﬁ—hand_side as shown in FIG. lllfpr ﬁhe first;
Shﬁtter time 2ts/v.f£om the_openihg éf the éhuttep equals
the‘foregrouﬁd compoﬁent o0f the fifth pixel from the left—r
hand side aS'shown-in FIG. 11-for the second shuttef time -
._2tS/V frém the oggniﬁg of the shutter.l'Likewise,-fhe
fofeg;buﬁd component FO7/v eqﬂais each of, the foreground

component of the sixth pixel from the left-hand side as .




2' ts/v) and the mixture ratio a thereof is 3/4. Wien.it is,,. assumed that.
the .object of the foreground is a solid body and noves a%Seteq&§5&%t speed
so that. the imge of the foreground appears shifted by 4 REl'S 6n 't he

next .frame, the foreground conponent FO7/v of the fourth plxel fromthe
Ieft-hand‘side as shown in FIG 11 for the first shutter time 2ts/v from

t he. openi ng of the shutter equals the foreground conponent of the fifth
plxel fromthe left hand side as shown in FIG 11 for the second shutter
tine 2ts/v fromthe opening of the SAutter. Likew se, the foreground
conponent FO7/v equal s each of the foreground conponent. of the sixth _
pi xel fromthe. |eft-hand side as. 6 Septenber 2005 - 3 4 v.. shown in FIG
11 for él@&wﬁh%ﬁd*sf@”tffrféifﬂ”F%gtfﬂi’rcﬁr%&'@r )?:ﬁé" E‘Eﬁ% %?snsmi_ter and

t he foreground conponent sevent h pi xel omt t-hand side as
shown i gokh Ghg 1ds £10& slh‘@tt@f'rél@dsﬂ't’etP&ré@%@dsédm{?éH%thgfoﬁ%” ng of the

shutter.™ Wien it 1s assuned that the object of the foreground is a solid

body - angymyes ds x @ CORSH afhe SPELE-$Hnd hat qd hes | gR@en ofnt begf oreground
appears shifted by 4 pixels on the next frame, the foreground conponent

FO6/ v ofcthend hiselrph xghuf tom thee | 2E$ fhangoni dige aspshong bn 4G 11 for
the first shutter tinme 2ts/v fromthe opening of the shutter equals .the

.foregrommoto@mponent of the fourth pixel fromthe left hand side as shown
~in FIG 11 for the second shutter tinme 2ts/v fromtheftopeni ng of the
shutter. LIW@musai.hmEassumed that- the object of the foreground is
N a solid body and moves at_a constant speed so that the 1mage_
',of the foreground appearskshlfted by 4 plxels on the next
frame, the foreground component F06/v of the third plxel
from the left hand side as shown in FIG 11 for the first
rrshutter time 2ts/v from*the openlng ofjthe shutter equals
" the foreground component of‘the'fourth pixel from the left-
hénddside as'shownﬂin FIG. 11 for. the'second'shutter time
| 2ts/v~from the\openlng of the shutter Likewise the
- foreground conéonent F06/v equals each of the foreground
.-component of the fifth pixel from the ‘left-hand slde as
:,‘shown in FIG. 11 for the thlrd shutter tlme 2ts/v from the
eopening of the-shutter and the foreground‘component of the
sixth plxel from the left-hand side as shown in FIG. 1i for
.-_the fourth shutter tlme 2ts/v from the openlng of the |
;fshutter |
'When it is.essumed that:the object of the'foreground is -
‘:a solld body and moves at a constant speed sO that the 1mage

of the foreground appears shlfted by 4 pixels on the next

frame, the foreground-component F05/v of the second pixel




_foreground conponent FO6/.v equal s each of the foreground conponent of the
fifth pixel fromthe |eft-hand side as shown in FIG 11 f Hheiagg%g '
shutter tinme 2ts/v fromthe . opening of the shutter and t ?%?%é nd
conponent of the - sixth pixel fromthe |eft-hand side as shown in FIG 11
for the fourth shutter time 2ts/v fromthe opening of the shutter. Wen it
is assumed: that. the object of the foreground is .a, solid body and noves
at a constant speed so that the image of the foreground appears shifted by
4 pixels on the next frame, the foré§round conponent FO5/v of the

second. pixel - 3 5 - fromthe left-hand side as shown in FIG- 11 for t he
first - shutter tine 2ts/v fromthe opening of the shutter equals t he

for ear oppd CONRODERLp ot bl ML doplxel  rom they | ef - Igag e as_shown

in FIG secon ter v_from of the

shuttershutswsnet@@s/wﬁfspou”h ggpﬁpgensff%%{eg?&ggg% of the

foreground .conponent of ixel“from't an S|de as shown

|0 FIG id FOFotReA ElhsbILLLToL ] O 25/ ¥ T O e g cthe shutter

and the foreground conponent of the fromt -hand si de -
as showand Héa 42 8wnthe Fayrty %%te{etw@o@é%?{u{{@mﬂﬁe openi ng -of

the shutter. .Wen it is assuned that the object of the foreground is a
~ sol i'd hoighy/anEk a Vitse atp@n HANSS ANEh S RAAR & | hati KA deBgde Of the

‘fooreground appears shifted by 4 pixels on the next frame, the: foreground |
Conponemdrégﬂﬂund(ﬁomﬂﬁhéﬁﬁtFﬁﬁﬁv[HQﬁﬁls each of the foreground o
-component of the fourth plxel from the left—hand 31de as .
Lshown-in FIG ll for the third shutter time 2ts/v from the
openlng of the shutter and the foreground component of the
flfth plxel from the left hand side as shown in FIG. 12 for
thée fourth shutter trme 2ts/v fromjthe openlng of‘the
shutter | ' | | | |
When it is assumed that the object.of the foreground is
a SOlld body and moves at a constant Speed 50 that the 1mage
-0of the foregrognd appears shifted by 4 plxels on the next
frame therforeground component‘FQ4/v of the leftmost plxei_
- as shown in FIG. 11 for the first shutter time 2ts/v from
' theuopening of the shutter equals the foreground component
of the second pixel from the left- hand srde as . shown in FIG
11 for the second shutter tlme 2ts/v from the. openlng of the
shutter. Likewise; the foreground component F04/v equals
each of the foregroundicomponent of the third pixel from the
| left-hand side a%.shown in FIG;‘ll'for the third shutter
-time 2ts/v from theropening'of'the shutter and the

foreground component of the'fourth pixel from the left-hand




as shown in FIG 11 for the first shutter time 2ts/v from ‘the opening

of -the shutter equals the foreground conponent - of the se(%g q ex%%from

‘the left-hand side as shown in FIG. -11 for the second s neter {I ne 2ts/v

fromthe opening of the shutter. Likew se',  the foreground corrponent FO4/ v

equal’'s each of. the foreground conmponent of the third pixel fromthe

| eft-hand side as-shown in FIG 11 for the third shutter -time 2ts/v from

t he. opening of the shutter and the foreground conponent of the fourth

pixel fromthe |eft-hand 6 Septenber 32005 - 36 side as shown in FIG 11 for .

the fourth shutter tinme 2ts/v fromthe opening of the shutter.. The

foreground area correspondi ng to. the noving object. contains a notion blur

|0 Ui Scyay. aanda Ry be Fhus ealteg e dbshot th@E@e?r EL 2g)s a mdel -
t dsevel

diagramillustrating e piIxe . Values o line o oped in

t he ti NMBro@XtBe %\@@ﬁgﬁ § &p g}@gog@lg@gepackgr ound -area |s present with the
obj ect corresponding to the foreground noving rightwardly. Referring to-

FIG 127, theanmidg:fudd\@mdnicor QfsgditiidPregraintod shdtondidige. one
frame is a short perlod of time, 'the. assurrptlon ‘that the object

cortespendiagns oa theridorepiound tisi a $OY |- 02 @tz rise MONVES @élre&%st ant
speed holds: As shown, the inmage of the object of the foreground- is

shlfteddismnfmd]yeé)y 4 pixels on the next. -frame with respect to a g| ven
frame. Referring to FIG 12, the leftnost pixel ‘to the fourth :..pixel from
the left-hamici de Hel cmglddeli ke sgrelig ridungs tarsgiding the pixzel
| | - values of ‘2 line of pixels deveioped in thertime_axis,-

wherein an uncovered background area is present w1th the

object correspondlng to the foreground movrng rlghtwardly

- Referring ‘to FIG. 12; the amount of movement.v of_the

" foreground is 4. Since one'freme is a-short.period of time,

rthe-assumption that the object corresponding'to the’

'foreground is a Solld beody . and moves at a constant speed

‘ holds-r As shown‘ the 1mage-of‘the object of the foreground

is shifted rlg%twardly by 4 pixels on the next frame with

.respect to a glven frame. |

Referring to FIG.;iZ,rthe leftmost pixel to the fourth

1ppixel_from the leftmhand side-beiong tO“the'background area;

The fifth pixel to the seventh pixei'belong to the mixed

'area; wnich is an'uncotered beckground‘area. Referring to
< FIG. 12, the rightﬁost piief belongs to' the foredround area.

Since the object of tne,foreground4 which has covered_
the.object of-th%-beckgrounds moves with the eiapse_of time

in a manner such that the object of the foreground is

removed from the front of- the background ocbject, the




The fifth pixel to the seventh pixel belong to the m xed area, which is an
uncovered background. area. Referrlng to FIG 12, the rlgh%nost iLxel

bel ongs to the foreground area.. Since the object of the ¢ ?@8?%56@3 whi ch’
has covered the object of -the background noves with the elapse of tinme in
a manner such that the obj ect of the foreground is renoved.. fromthe front
of the background object, the 6 Septenber 2005 - 37 conponent contained in-
t he pi xel value of a pixel bel onging %0 t he uncovered background area
changes fromthe foreground conpoﬁeﬁ to the background conponent at a. -
point of time wthin the duration of time corresponding to the shutter
time 2ts. The pixel value M enclosed in a solid-line box in FIG 12 s
expr esseétmphdn &@tiat b OPa {Ted M TFORE Vp i#x E0 14 ¥1 de B2/ ¥ 1826/ Me(ddghey exanpl e,
the fifth pixel fromthe |l eft-hand side contains the background conponent
of "t hr eeo stk t @icd v dBSd bRk ¢ ¥ownd dhea f oneggosntreanrppeensrefroned shut t er
time 2ts/v, and the fifth pixel. has a mxture ratio a of 3/4. Since the:
S|xtr1Fnam@oﬁemM1t@etmefba&kgmbsmdec@mmoeems 4 tea bpskgr oondt trwaponent  of
two shutter times 2'ts/v-and the foreground conponent of two shutter times
2t s/ v, .witleimi dterduration aof heireof cosrdé@ondheg sevenhid phwetefrom the
left- hand si de ‘contai ns the background conponent of one shutter tine 2ts/v-
and- thetﬁo¢e©¢@und conponent of: three shutter tinmes 2ts/v and the mixture

ratio-a "thereof is 1/4. Wen equatlons
o . The pixel value M* enclosed in a solid- llne box in FIG

212 iS'expressed in equation (7).

‘MfiFOZ/V‘+ FOLl/wv + B26/v + B26/v ‘V {7)

For{exampie, the fifth oixel?froﬁ the left-hand side
contains‘the background component'of three shutter times
2tsVu and the foreground component-of one shuttex time 2ts/v,

) énd the'fifth-pixel.has a mixture ratio a'of‘3/4; Since thé

: Sixth pikel from the. left—hand'side contains the‘background
lcomponent of two shutter tlmes 2ts/v and the foreground
c0mponent of” ;uo shutter times 2ts/v the'mlxture ratlo o '
thereof is 1/2. * The-seventh pixel from the leftehand side
contains the background component of one shutter time 2ts/v
and the foreground component of three- shutter tlmes 2ts/v
and the mixture ratio @ thereof 1s.1/4n

When QQUetions;(G) and (75 arejgeneralized,lthe pixel

value M is expressed by eguation (8).
.~M='a-rB+ZFi/-v ‘ . | “(8)'.
. | l“f' | |
where o is a mixture ratio, B is a pigel value,of'the_

backgroUnd,fand Fi/v is a foreground component.




(6) and (7) are generalized, the pixel value Mis expressed by equation -
(8). =aB + Fi v where ais a mxture ratio, Bis a pixel % ue- ofzocgﬁhe (8)
background, and Fi/v is a foreground conponent. 6 Septenb%
Since it is assumed that the object of the foreground is a solid body and
noves at a constant speed, ‘and.-the anmount of novement v is 4, the
foreground conponent FO1/v.of the fifth pixel fromthe left- hand side as-
shown in FIG 12 for the first shutter time 2ts/v fromthe openi ng of the
- shutter equal s the foreground conpengat -of the sixth pixel - fromthe

| eft - hand side .as shown in FIG 13 for the second shutter tinme 2ts/v from
t he openi ng of the -shutter. Likew se, the foreground conponent FO1/v of the

Shutter 1] mERe o eés&%#ﬁf%epﬁe % Rk T "l o i Cground
Forened ahradlEn Ay SRRy ds O (o opﬁﬁ%‘ﬁeg'%?%ﬁé EREiter. Since it
;chz:tae@;:ésw&f% B Soband o s S RO e
e R e L A
__equal S 41 18 e N rorpenepin T2 Loy sey&mth@efﬁénmg of the

r.shutter equals the foreground component of the sixth plxei
.from the left—hand s;de as shown in EIG.'lS for.the second
shutter time 2ts/t’trdm-the.opening of the shutter;r |
'Likewised the foreground component F0l/v of the seventh
: pixel . froﬁ the'left—handiside as shown in FiG 12 forsthe
third shutter tlme 2ts/v from the openlng of the shutter
Vequals the foreground component of the elghth plxel from the
.left—hand side as shown in FIG 12 for the fourth shutter
tiﬁehéts/u frq?ithegopening 6f the shutter:
: Since'it is-assumedthat the object of the foreground_
;is a solid bodiﬁand moves at a constant speed,‘and'the
,_famount of movement v is 4,'the'foreground component fOZ/v‘of
u'the sixth'pixel-from the left—hand‘side as shown in FIG 12
for the first shutter time 2ts/v from the openlng of the -
shutter equals the foreground component of the seventh plxel
.rfromrthe leftuhand 31de as shown in FIG. 12 for the second
'Shutter time 2ts/v_from the opening ofrthe-shutter,
'.Likewise,'the fogeground component'FOZ/v_equals the
.-foreground‘comnonent of thereighth'pixel from the'left—hand

side as shown in FIG. 12 for the third shutter time 2ts/v




anpount of novement v, in turn, 1is typica

fromthe | eft-hand side as shown in FIG 12 for the second shutter tine
2ts/v fromthe opening of the-shutter.. Likew se, the for?grqgggr%&ﬂponent
FO2/v equal s .the .foreground conponent of the eighth pixe Kot he '

|l eft-hand side. as shown in FIG 12 for. the third shutter tine 2ts/v 6 _
Sept enber 2005 - 3 9 fromthe opening of the shutter. Since it is assuned
that the object of the foreground is a solid body and noves at a constant

- speed, and the anmpunt of novenent v is 4, the foreground conponent FO3/v of
the seventh pixel fromthe |eft-hand38i de as shown in FIG. 12 for the
first shutter tine 2ts/v fromthe opening, of the shutter equals the

f oreground conponent -of the eighth pixel fromthe left-hand side as shown
in FIG for .t nd.s t | 2ts/v. fromthe opening of the '
shutter?}g$@?%?r?§%§%%8F$EiP%%.%%?%Eg "FIG 12, the virtual" divisor nunber

Is 4, but the fiyisory NUE IR ARG c%t?;éé‘@ @f‘“t&’ﬂé'f@Pé/&ﬁ%&dV-' The -

y responsive to, speed of

movemenis of {be; Obheet fathevioregroungsEQhrexpaBLe, apheppthe object of
the foreground isnoving in a manner such that it rightwardly appears by 4
pi xel s’ aothe onexbvinane wiih fespestrépegréehtiabbnbbalBe Fhe/anpEnt of
nmovenent v of. the object is 4. The vi rtual divisor nunber is thus set to be
4 in regponsevdoch hei @D uRtolf t®VESRHthand Sk dikaskyshwhgnihherebj ect of
the foreground is noving in a manner such that it leftwardly appears by 6
pi xel.s oh fde textfirsneshetbter reapecitd Ovartemt 8ha bpanengt be anvunt of
moverment v.of the o _ . - - : S
shutter equals the foreground component of- the eighth pixel

from therleftQhénd‘side.aé'shown in-FIG. l2 for'the second
‘éhuttér §ime'2ts/v from-thé'openihg of‘the shqtter.
:"jRefe;fing to FIG;'1Q through FIG. 12, the viitual'
divisor nuﬁber is 4, but'the diﬁis&f’number may:;eé§oﬁd tof:i
 £he am6unt“movement ﬁ.' Tﬁé-amoﬁnt,CE movément v,’iﬁ turn;:.
: ié typiéally reSpohsi&e't0 the speed bf'ﬁbvément'éf the

:object of the foreground. For example; when the object of
"the foreground ,is moving in a manner such that it

rightwardly.appéars:by 4 pixels on the mnext frame with
'#espect to é ce;tain frame, thé;amoﬁnt Qf'movemeﬁt v of the

' bbjéct ié 4. The virtﬁal_divisdr number is fhus set to_be 4

' in response to the améﬁnﬁ-of mbvement:v. 'Similarly;-when
Vthelébject-of tﬁe forégrQUndris mﬁviné in‘a,maﬁner such that
‘if leftﬁardiy appéé:s«by's pixels on,tﬂe next fraﬁe with
respect to a certain_fram§; the'amount of movément v of the
object is 6. Thg{virtual_difiéor number ié.thus set'té be 6
in fespdnse to'tﬁe'amount of movemeﬁt V.

' 'FIG. 13 and FIG. 14 illustrate. the relationship between




object is 6. The-virtual divisor nunber is thus set to be 6 in response to
- the anount of nmovenent v.. FIG 13 and FIG 14 illustrate- ég q}a5¢%nsh|p
bet ween 6 Septenber 2005 40 the foreground area, the bac RITAE 8%a, and
the m xed area. conposed of the covered background portion and the -
uncover ed background portion, described above, and the foreground' .
‘conponent and the background conponent responsive to the segmented shutter
tine. FIG 13 illustrates the pixels of the foreground area, the :
background area, and the nixed-area éXtracted fromthe imge of the
foreground corresponding to the object noving in front of the stationary
background. As shown, the object .of the for egro'und hori zontal I y noves

Wi th respect,to %&%d sereen. by £LaPe-Hnth i5.2 fé qﬁﬁg&%% a frame

#n, and a frane . a frane subSequent to fhe
1] st 38,65 8o T008 ! & M&%& h?atp}t@(fouﬂé‘lﬁ&?tloﬁf Ipaxaké @ Eodevel 0ped in
~the tinme axis, erein the pixels are. extracted fronlthe foreground area,

the ba%%lajm r8Wh | Nc 5 XB6e@ £807E OMANYLI0E FheedFSIBI#n through
the frane#n+2, and the anount - of novenent v is determned to be 4. Slnce

the obj&ghp &ieﬁ@&aﬁ&regesqsm &gp@ﬂlé(@t rdSbsesive thechor eground
ar ea |nclude four -different regrou conponents corresponding to the

shutterséqmgﬁtéﬂsgnutﬁﬁw tﬁﬁ&ﬂpe the | eftnost one of ‘the pixels |n the
-foreground area shown in FIG 14 includes FO1/v, F02/v,

: FIG 13 1llustrates the" plxels of the foreground area
the baokground area,-and the mlxed .area extracted from the
image of the foreground correspondlng to the ob;ect;movmng_
in frontﬁof'the statiouary bacerOuud. As ‘shown, the'objectf

of thefforeoround horizontaily,moves:with respeot to the
ecreen | | -

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

'EIG. 14.1%1ustratesra model in whlch‘the plxellvaluee

. of pixels are %?velopedin the time-axis, wherein the pixele
are-eutracted from'the foreground area,.the background area;
“and the mixeo area from any'oflthe frame #n'through'the

- frame’ #n+2, and the amount ‘of movement v is.determined’to be
. o ,

Since the object of the foregrouud.moves, the pixel

“values in the foregrOund area include four different

: foreground components,oorresoonding to the shutter times
2ts/V. For exaﬁg}é, the -leftmost one of the pixelsjin.the
‘foreground area shown in FiG. 14 includes-FOl/v, FO2/v,

F03/v, and FQ4/v. 1In other‘words,‘the'pixeis in the




FO3/v, and FO4/v. In other words, the plxels in the 6 Septenber 2005 41
foreground area contains a notion blur.. The obj ect of th%gﬁ? K LOHR g
remai-ns still, and light incident on the sensor and corres o |ng 0. the-
background remai ns unchanged throughout the duration of tinme correspondi ng
to the shutter time 2ts. In this case, the pixel value of the background
area includes no notion blur., The pixel values of the pixels belonging to
the ni xed area fornmed of the cover ed background portion or the uncovered
background portion include the-foregfdund conponent and the background
conmponent... Discussed next is a nodel in which pixels are consecutively
arranged-in a line in each of "a plurality of frames and pi xel values of

t he p|x§gsea1 @% argg ggé{é#ggs @g{g§§ gfg franes,‘ii are developed in

time axis s., movi ng. For - exanple when

the image of; tﬁh%b?}%t tof Stﬂleorﬂ%ﬁﬂi%idr}’d ) t%/]\neg :[fs o4de screen;

aline of- pi'xe e screen ecte ine” o cons cutively

o OIS of Qe ot o tRdslotiagiamily b hbntigzaiael | valer
developﬁgnéfhé|Jﬁbﬁ§ﬂ§edw@@f§ﬁ@héﬁﬁ the durqtloo of time o '
o oor:espondihg'to,the_Shotter tiﬁé,Zts.o Inithis-oase, the
rpiXQi value of the'backgfound‘area inoludés no mofioh‘blu#;
The pixe17Vélues of.the;pixels béionging torthé migéd_‘f
area formed of the oovered.béckground,éortiOn oi'the
:ﬁncoverag'backgrOuhd portion includeithé.forogfound
coﬁponent and tho background component,
eriscuésed:nekt is afmodél in Whioh‘pixeis are :,
~consécotively,arfanged3in a'line in eaoh of a plurolity:ofr n
frames and pixei vaiues of tho pixels at the éamé posiﬁions.'
.écroso.the‘ffameé are,deoéloﬁéd in time axisrwhenrthe image: 
.0of an object lg.ﬁOVlng For exaﬁpie when the iﬁage of ‘the
object is horlzontally mov1ng with respect to.the screen, ar
‘line ofiplxels on the screen is selected aslthe line of
oOnsecutivelf éfranged'piXéls.
FIG. 15 is armodei diagram illustrating'fhe.pixel
A'valués of a line of\adjaceﬁtipikeis at the samé position
across the three frames devoloped in time;axis, whefein the
pi#elé,form.an imago'of'the object of the siationary |
_backgrouﬁd; A frgme #n is a f;ame_subsequent to a frame #1-
l,oand'a_fiame #n+l is a frame subsequent to the frame #n.

~ The same designation applies to the other frames.




pi xel s forman image of the object of the stationary. background. A frane
#n is a frane subsequent to'a frame # 1, and a frame #n+&8é§aﬁhf5ﬁﬁ? _
subsequent to the frame #n. The . same. designation applieS$ Qo_eﬁe Ot her
franes. 6 Septenber 2005 - 42 Referring to FIG 15, pixel values BO1
t hrough B12 are the pixel values of the pixels corresponding to the _
stationary background object. Since the. background object remains still,
t he pi xel val ues of the correspondi ng pixels remai n unchanged from.the The
pixel in the' frame #n the same posi tfon as that t he pixel having a.pixel
value of B0O5 in the frame #n-1 respectively have the B05. pixel value FIG
16 iis a nodel diagramillustrating the pixel values .of a line of franes
devel oped i ketdddi AR 11 X8)iS Al thg MR PO Ld.Q%h agf0Ss. 4 hree tinme
axi s, in which the object of a frane #n-1 through the trame #n+l. and the
pi xel itnd heifdanea el & e §he 0] &t r & pend DL IEQURHe MOVI NQ. -
rightwardly asp: shown I ' o o o

- stationary background object. Since the background objéct

remains still; the pixél valués'of the corresponding pixels
" remain Unchénged from thé frame #nletﬁrough the frame #n+1.

The pixel in the:fraﬁé #n and the.pixei.iﬁ thelframe_#ﬁ+l at

the same position as thét\of the pixel havihgha.ﬁixel value

of BO5 in the frame #n-1 respectively have the pixel value

BOS5.

FIG. 16 is a model diagram illustrating the pixel
“values of ariine of pixels-at the same;pOSition acrossrthree.

frames developed in time-axis,-in_which the object of a

still backgroﬁndxénd the object'of a foreground movingJ
_righthardiy aévshowp are éaptured. The model illuétrated in
FIG. 16,contai%$‘a covered_backgrqund ﬁortion,

Since it i; assumed that theAforéground ijeét is a
‘solidrbody, and moves at a éonstant speéd, and the image of'f
the foregroUﬁa appears fightwardly by_4:pikels on the ﬁext
frame as shown in FIG.[IG, ﬁhe'amoﬁnt of mdvemént v is 4,
and tﬁelvirtﬁal divisor“nﬁmbér is thﬁs 4. ..

For example, the foregroundﬁéomponént of the leftmost

..bixel in the'frame'#n—l as shown .in FIG. l6 for the‘firét
shutter £ime 2tsév éfﬁer'the Qpéning of the shutter ié FiZ/vr.
_énd the foreground component of the second pixél,from the

'left—hand side as sthn'in FIG. 16 for the second shutter



FIG 16,, contains are captured. The nodel illustrated, in a covered
background-portion. "Since it. "i.s assuned that the. foregrggnq Ofiﬁgﬁ is.ar
~sol id body, and noves at ‘a constant speed, and the inmage PleTARer eground
appears rightwardly by 4 pi xel s on the next frame as shown in FIG 16, the
amount of novenent v is 4, and the virtual divisor nunber is thus 4. For
exanpl.e,. the foreground. conponent of the leftmost pixel in the f rame- #n- 1
as shown in FIG 16 for the first _shutter time 2ts/fv after the openi ng of
the shutter is F12/v, .and the foregridund conponent of the second pixel,
fromthe Ieft-hand side as shown in FIG 16 for, the second shutter 6

Sept enber 2005 - time 2ts/v after the. opening of the shutter is also
F12/ v. I ft .hand
si de astlﬂgm%9§ﬁ9F$g?gi T'?E%l’ﬁ g th gPQ%?%elfts ?gb? the openi ng.

of the shut ket andullectanedround CoRRORRALAOL LIE (OUL! by A8lpeLrom the

| eft-hand side as shown | for the shutter tine s/v -after

the openii@ #fqd hgs SENLLRT snbpeaMeI F120¥. tnb Iherﬁo tg%@dtgagponent of
the leftrmost pixel in.-the frane #n-1 as shown in for.the second

shutteratd @ 246éy. eﬁéeépéhfnepeelegeoéhaheeshaheethbsfE%égyouﬁad the
foreground conponent of the second pixel fromthe. left---hand side as

shown i dorfpdned€ sorthe fhufahsmié_erffbxﬂEthas/_‘Lertahbﬁa kheeorgni ng of . the
~shutter is also F11/v. The: - h
shown in FIG 16 for the fourth shutter time 2ts/v after the -
opening of the shutter become F12/v |
The foreground component of the leftmoSt—pixel in the
Jframe #néllas shown in FfG- 16 for. the secdnd.shutter-time.
h'_ 2ts/v after the openlng of the shutter is Fll/v, and.the
foreground component of the second plxel from the leftmhano
. "side as shown in FIG 16 for ‘the thlrd shutter tlme 2ts/v .

,after theropening of the shutter is also Fll/v -.The
foreground component of the thlrd plxel from the left- hand‘_r.
81de asthownlin FIG. 16 for the fourth shutter time 2ts/v.

'after the openlng of the shutter becomes Fll/v |

7 The foreground component of the leftmost plxel‘in the

frame #n 1 as shown in FIG. 16 for the thlrd shutter tlme
2ts/v after the openlng of the shutter is F10/v, and the

'-foreground component-of the second plxel from the 1eft—handl
side as shown in'FIG 16 for the fourth shutter tlme 2ts/v
after the openlng of the shutter is also F10/v. .The_'
foreground'component of the leftmost plxel in the frame #n—1

‘as shown in FIG 16 for the fourth shutter . time 2ts/v after

the opening of the shutter becomes F09/v




foreground conponent of the third pi er fromthe left-hand side as shown in

FIG" 16 for. the fourth shutter time 2ts/v after :the opggi r{%{lgf Btﬂf _
shutter becones Fl1llv. The foreground conmponent of the le 1) _ ? in
the frame #n-1 as shown in FIG 16 for the third shutter tine 2ts/v after.
the opening of the shutter is F10/v, and the foreground conponent'of the
second pi xel fromthe |eft-hand side as shown in FIG 16 for the fourth _
shutter tine 2ts/v- after the opening of the shutter is also F10/v. The
f oreground conponent of the |eftnost4fixel in the frane #n-1 as shown in
FI'G 16 for the fourth shutter time 2ts/v after the opening of the shutter
becones F09/v. it 6 Septenber 2005 44  Since 'the background object is :
stifl, the %@@d L NRRER offj e 1$26QNd 1P %ple i Ll JuRye #n-1 from

side as s

the left-ha own i-n FIG™ 16 for the flrst shutt'er tinme 2ts/v i's

BO1/v. J&ﬁp&%&r‘f@r@ﬁ%@%@&én&&im thi rithe PiXghe f#0M thed effe hand side of

the frame #n-1 as shown in - 16 for the second shutter. tine after the

openi ng Of + tend shikid efs i shdBB2/ v The. bes ka0 ui orziﬁ@ﬁ Sfuthe-fourth pixel

fromthe | eft-hand side of the frame #n-1 as shown in FIG 16 for the first
throughtité rge shatiersdimes ahleebaldhgroapeniond eef: bife tslutdhard s - BO3/v. In

~the frame #n-1 as illustrated in FIG 16, the leftnost pixel falls within
t he forggrelnti-at eche ansf t-Heand eciots dhrigughefany tinfi %ed ssHewamihe
left-hand side fall wthin the m'xed area which is a covered. background

pOftiCWFIG. 16 for the second shutter tlme after the opening of the
.shutter is B02/v. The baokground-objeot of the fourth plxel‘
Afrom the left4hand side og the frame-#hél aSIShown-in.Flé. |
16 for the first through thlrd shutter times after the
opening of the shutter is BO3/v. 7 -
In the frame #n—l as illustrated in FIG; 16, the -

: leftmoet pixel falls:within the'foregroung area-rand the
second through fourth plxels from the left- hand side fall
h'w1th1n the mlxed area Wthh is a covered background portlon,

In-the frgge #n-1 as 1;lustrated in FIGE 16, the fifth
through twelfth;pixels; falling within_the hackground area;
r'respeotivelj have pixelrvalues of B04 through B1l.
in'the'frame'#n as illuetrated in FIG. 16, the leftmost
through fifth plxels fall Wlthln the foreground area in
‘the foreground area of the frame #n, the foreground |
uoomponent for the shutter time 2ts/v is one of'EOS/v through
Fl2/v. | | |
| ~ Since it istgssumed_that the foreground object isla
lsolid'body aﬁd moves at a constant speed and the image of

.the foreground moves andgrightwardly_appears on the next




In-,the frame e #n-1 as-illustrated in FIG 16, the. fifth through twelfth
pi xels, falling within. the background area, respectively_have pi val ues
of B04 through Bl1l. In‘'the frame #n as illustrated in FIC?Sﬁ%ﬁnﬁﬁé&E

| eftnost. through fifth pixels fall within the foreground area.  the
foreground.-area of the franme #n, the foreground conponent for the shutter
time 2ts/v is one of FO5/v through- F12/v. Since it -is assuned that the
foreground object is a solid body and noves at a constant speed and the
-image of .the foreground noves and-raghtwardly appears on the next 6

Sept enber 2005 - 45 - frame by 4 pixels apart fromthe original position in-
any given frame, the foreground conmponent- of the fifth pixel fromthe

| eft-hand side of the frane #n as shown in FIG ., 16 for the first shutter
e Do HE e bf TR GHa 4T 1Be t o TRt hbr gr ound

ent_of the sixth pixel f the left-h i de_as,_shown jn FIG - 16
For N Siorid THin (el° T HCSTEHR GPESTTHe BpeRiRot bFCanGL SRt ter i s

er - hand BT A A o G e r T R 1 SRBEEr e Aoy arter
pixel PromE e et HANTS de e Sromn T RS e he ot e b hutter
time 2tafw @it 6l tthe apening e ther S LRY Apdd@hy. of e foregiound
conmponent of. the fifth pixel fromthe |eft--hand side of the frane #n'as . -
:ﬂﬁweirﬁ@ﬁfrﬂe@l ol U Satand sslmg S dHdvn 2if§(y;@ftfé e gpening of the
, Sécond'shuttef timé”2ts/vﬂéftef fhe opening of,thélShutter -
is also Fl2/v. The fbregroﬁnd.éom?dﬁént'of_tﬁe'seventh
pixel from the'ieft—hand éide'éslshdﬁn'in FIG: 16‘forlthé
thira shugter time'Zts/v‘aftér the bpening of’the éhutfer
and the foregrouﬁd;componénf_of_ﬁhé éigh#ﬁ pixel frémfthe
iéft—hand Sidé as shoWn-inﬁEIGT i6‘fo£-the four£hshut£ér
time 2tS)v‘after.ﬁhe.bpéning of the-shutte#_are Flzlﬁ.

| _ 'fhe fdregxbﬁﬁd_componénf of_the'fifth pixei‘fr0ﬁ_the'

i

i _ , , . -
‘left-hand side ;of the frame #n as shown in FIG. 16 for the

éecqnd'shutter £imé‘2ts/v aftér the_opéning*of'fhe shutter

‘is Fl1l/v, and the fdreground cbmponént of the sixth'pigel.
from the left-hand side as shown in FIG. 16 for_therthird
éhutﬁer fiﬁe 2ts/ﬁ,after'the opeﬁing of the shutter is élSo
.Fli/v. The-fbregrouh& éompbnent of thé,seventh”pixel from
‘the left-hand side as shown in FIG. 16 for the_foﬁrth

shutter time 2t§/V'aft¢r the opéning of the shutter is Fli/v.

The foregroupd component of the fifth pixeiifrom the

'ieft+handrside of the frame #n as sﬁoWnrin FIG. 16 for the

third shutter time 2ts/v after the-qpening of the shutter is




s F11/v, and the foreground conponent of the sixth.pixel fromthe

| eft-hand side as shown in FIG 16 for the third shutter_fine 2ts/v after
t he opening of the shutter is also F11/v. The foreground %%ﬂﬁ%ﬁ?ﬁgng t he
sevent-h pixel from the left-hand side as shown .in FIG 16 for the fourth

shutter tine 2ts/v after the opening of the shutter is FIt/v. The foregrod

~conponent of the fifth pixel fromthe |left-hand side of the frame On as
shown in FIG 16 for the third shutter tine '2ts/v after the opening of
the shutter is 6 Septenber 2005 - 4646F10/v, and the foreground conponent
of the sixth pixel from the left-hand 'side as shown in FIG 16 for the
fourth shutter tine 2ts/v after the opening of the shutter is also F10/v.

The for und. ¢ onent of the,fifth pixel framthe . .|eft-hand side as
shown 1R e FRRE R Paed i et et 00 VS P O hg of he

nown IT1FIG T6rof th h St PR gt ng o
backor oir Lenpeiaht 5ot e STAER 8 AT o IR S SThe U the

frame #n,.a W, f.or firs t i Jv after the
openi ngé}})ﬁig%% Pe?é&_ %%%%l\?tﬁr{% éar({:%g(% Z{andgl‘g%ngb%%%n% ¢] §/t%eéosevent-h

pi xel fgom he pyef tfcﬁ%r@%%in@e'c%tnpto%nftr%&‘etm 33 r3hOWA e EhGrn 1Befor the

first and second-shutter tinmes 2{s/v after the opening of the shutter is.

'B06 V. ile:-hackorowd sonponantiofridie 8§ g thdi s@lrfd ¥Rdther | ef t - - hand
side of the frame #n as shown in FIG 16 for the-first through third

shut t ert indves: 246/ VEt & e tdiRerOpRNidM e -dhetsdwitierrdes/<BO7/v. in the
frame #n shown in.FIG 16, the sixth through o ‘
) - Since the object of the background is stationary, the

background componént of the'sixth'pixelffrom-the left-hand
-sidé of the framé #n as éhoﬁn:in FIG._iG.for the first
'éhuttef time ZtS/v'after the bpening of thé shutter is BOS/&..
 Thé‘ba¢kg#§uﬁd ;omponeht of-the sevénfh pixel from the‘left—
‘harnd side-bfrﬁﬁefframe;#ﬁ.as shown in FIG. lé for thé'first

-:,énd‘Sécdnd~shﬁttEr-times Zts/ﬁ éfter the opéning Qf the

- ‘shutFér.is Bosfv; The backgfoundrcqmpénént @f théHeighth
 §iXel from th;!}éft—hand side of fhe framé #n és.éhOWH in
-FIG._16 for theifirst.thréugh third éhutter timesAZts/v
after the opening of the Shutter is BQ?/V. 7

In'the'frame'#n sﬁown in FIG. 16, the sixth th%ough

eighth pixels'from.the_left—hand side féll'witﬁin thé-miked
Jaréa'which is a COﬁerédibackground érea.

. In the fraﬁé #n‘shown.in'FIG. 16, the nintthﬁrough
twelfth pixels, falling witﬁin the background area, have
respecﬁively Bbgﬁthrough BliQ

In the frame #n+l shown ianIG. 16, the leftmost

through ninth pixels from the left-hand side fall within the




eighth pixels fromthe .left-hand side fall wthin the mxed area which is
a covered background area. In the frame #n shown in FIG égé tthzee/e'%d%th'
through twelfth pixels, falling within the background ar P &

"~ respectively BO8--through Bll _In the frame #n+1 shown in FIG 16, the

| eftnpst through ninth pixels fromthe |eft-hand side fall within the 6
Sept enber 2005 .- 47 foreground area. In the foreground area of the frane
#n+1, the foreground conponent for trhe*shutter.'.ti me 2ts/v is one of FOl/v -
through F12/v. Since it is assuned—tHKdt —the foreground object is a solid
body and noves at a constant speed and the inmage of the foreground noves
and. then rightwardly appears on the next frane by 4 pixels fromthe

| i ' of the
o e oEorPeRbin@I L By A PIHRN SRS LU OUNE AT 1 16
for theyflred:sbubies LofBodbslvealtehe! bruPDeni ngnol o beyshytbee 15 F12/V,

and the foreground conponent of the tenth pixel fromthe [eft-hand side as

shown |@fFﬂ~@/\;6tﬁp<5uélheF§§ppnd shutter tinme 2ts/v after the opening of the-
shutter is also F12/v. k% he foreground component of the el eventh . pixel .-

fromthe |efgirdiand sigleAgnsidWhdt tHl fhbed@utd el fudd shufter time -
2ts/v after the opening of the shutter and the foreground component of the

tvel ft hs@ix@lbdapratdenctes tahandesiseans spowd andFte 1fagerothe fourth
shutter tine 2ts/v after the opening of ‘the shutter are F12/v. The :
foregrOUmﬁ fmrsmrmuﬁdcmoiéseandﬂthemxrdgmtwmrﬁhp appears on the
‘next frame by - 4 plxels from the orlglnal p051t10n in any
‘given frame the foreground component of the ninth plxel
-from the, left hand 31de of the frame #n+l as shown in FIG
16 foxr the flrst shutter tlme 2ts/v after the openlng of the
shutter is F12/v and the foreground component of the tenth
:‘plxel from the left hand side as. shown 1n FIG lG,forlthe |
,secono shutter_time 2ts/v after the openingrof the shutter
is a}so'Fi2/v.yﬁThe;foreground_component,of the eleventh
;pixel.from.thez%eft—hand side as shown in FIG. 16 for the
thirdlshutter tiﬁe‘2ts/v after the opening of-the'shutter
‘and the foreground cOmponent'of'the tWelfthlpixel fromrthe
ieft—hand_side as shown in FIG. 16 for the7fourth-shutter
| time 2ts/v after the opening-of the-shUtter are Fl12/v.
| The foreground component of the nlnth plxel from the
left- hand 'side of the frame #n+llas shown in FIG. 16 for the
'_second shutter time 2ts/v_after the.openlng of the shutter
is Fll/v,_and'th%-foregrouno component of the tenth pfiel:
from the left-hand side as shown in FIG. 16 for the third

. shutter time_Zts/v'after,the opening. of the shutter is.also




left-hand side of the frane #n+l as shown in FIG 16 for the second
shutter tinme 2ts/v after the-opening of the shutter is %g/
t he-foreground conponent of the tenth pixel fromthe |ef e as .
.shown in FIG 16 for the third shutter tine 2ts/v after the openlng of the
shutter is-also 6 Septenber 2005 - 48 F11/v. The foreground conponent of
‘the eleventh pixel from the left-hand side as shown in FIG 16 for the
fourth shutter time 2ts/v after the opening of the shutter is F11/v. The
foreground conponent of ‘the ninth pi %8 fromthe |Ieft-hand side of the
frame #n+l as shown. in FIG 16 for the third shutter time 2ts/v after -the
openi ng of the. shutter is F10/v; and the foreground conponent o. f the.

tenth fr El. e fourth
Lonth PHB) T LORd M S oA ahdn s, SIOWhd 1k GndS Ol s dpurh
f or egr oupd f@ﬂm@a@a Q{déhes néﬂ&@npiefeﬂrzéromtf@r LRt e hapdy S' de of . the.

~frane #n+l1l as shown in FIG 16 for the fourth shutter time 2ts/v after the

openi ngshtthe shubt gfs/vi §fE@9/ ¥heSbpegihBeor- ehkecth @k e bagkground is
stationary, the 1}. background:conponent of the tenth pixel fromthe

left-hand = sirie Rfrdfrdd@momrfivileras cSRown diltl @ikl ot hend i rst
shutter tinme 2ts/v after the opening of the shutter is B09/v. The

backgr olLft-camponende ob £ t tiee of exeat fnpl xes Siem the Fief t16 heoe sige of the
frame #n+l" as.shown in FIG. 16 for the first and second shutter tines 2ts/v
after tteiopeshwgtef time Ztw(terfisr Bl opdindackgriceinsheiopgonent of -the
FlO/V,;andithe.foreground;combonent ofithe tenth pixel from
the left;hand~side as'shoun:in FIG. 16:for-the fourth |
rehutter_time 2ts/v after thelopening ofhthe'ehutter is also
FlO/v._ The.fOreground component of'the ninth pixel from the
~:left hand side of the frame #n+1 as shown in FIG. 16 for the
'fourth shutter tlme 2ts/v after the openlng of the shutter'
is FO9/v 7
' Slnce the'object of the background is statlonary, the
background conéonent of the tenth plxel from the left- hand
side of the frame #n+1 as shown in FIG. 16 for the first
- shutter time 2ts/v after the opening of the shutter is'B09/VL
The background component of the eleventh plxel from the
.left hand 51de of the frame #n+l as shown in FIG. 16 for the-
_ flrst and second shutter tlmes 2ts/v after the openlng of
the-shutter is BlO/v. The background component of the
‘twelfth pixel from thelleft—hand.side of the frame #n+l as
. shown in FIG. 16 for the first through third shutter times
A _2ts/v after the opening of.the;shutter_is Bll/v.n

' In‘the frame-#n+l shown in FIG. 16; the tenth-through




twel fth pixel fromthe left-hand side of the frame #n+l as shown.in FIG 16
for the-first through third shutter times 2ts/v after thgS ﬁ g ﬁ;-
the-shutter is Bll/v.. In the frame #n+1 shown in FIG 16° “the EAP
t hrough 6 Septenber 2005 49 twelfth pixels fromthe |left-hand side fall |
W thin the m xed area whi-ch is a.covered background area. FIG 17 is a- .-
nodel diagram of an inage in which the foreground conponent is extracted
fromthe pixel values illustrated in FIG 16. FIG 18 is a nodel diagram
illustrating the pixel values of a PPne of pixels at the same position
across three frames developed in time axis, wherein the object of a stil

. background and: the object of a foreground noving rightwardly as shown are

capt ur etye Then Npoel1 4 | sk ated & Pr FLG g 18; $ONERI NS,y i Hncayened. hackgr ound

area. It is assumed in FIG 18 that the foreground object is a solid body,

and novesealwidi €9NSt Al cSPees 1N Megrdlned i gmge of the foreground noves and
rightwardly appears by 4. f4. pixels on the next frame, the anount of -

novenent Vv iFg@h. 17Fars exame. diheydar egr eund reeppanenihich tdie | ef toost.
pi xel -in-the frame #n-1 as shown in FIG 18 for the first shutter tlne

- 2ts/v afdesgthendpesnipenait the ahttdered stfkd/dhe anikd her{ niegr ound:
conponent of the second pixel fromthe |left-hand side as shown in FIG. 18
for thetbbwanmhtﬁdnimNFldneths/v after the openi ng of the shutter ‘is
al so- FI3/v _
FIG. 18 is a model dlagram 1llustrat1ng the plxel
_'values of a llne of plxels at the same posrtlon across three
frames developed-ln t1me‘ax1s -whereln the object of a still
.background and :the object of a foreground mov1ng rlghtwardly
as shown are captured ,The model illustrated in FIG. 18 -
d'contalns.an uncoveredlbackground area. .
It;is assumed'in FIG. 18 that the foreground object-is“
a solid body, and hoves'at-a constant speed. ‘Since the :
1magexof the foreground moves and rlghtwardly appears by 4

i \ :
-pixels .on theé next frame,_the amount of movement v is 4.

e

For exampleA the foreground‘component:of the leftmost
'plxel in- the frame #n-1 as shown in FIG. 18 for the flrst
.shutter time 2ts/v after the opening of the Shutter is F13/v,
and the foreground component of the second pixel from the
.lleft hand 81de as shown in FIG. 18 for the second shutter
time 2ts/v after the opening. of the shutter is also Fl3/v.

The foreground cOmponent of the third pixel from the left—
hand 81de as shown in FIG. 18 for the third shutter tlme
' 2ts/v after the opening of .the. shutter and the foreground

' component oﬁ the fourth pixel from the left-hand side as




The foreground conponent of the third pixel fromthe left hand side as
shown in FIG 18 for the third shutter time W 2ts/v af@gnp@mng|@nlng of
the shutter and the foreground . conmponent of the fourth pixel fromthe

| eft-hand side as - 50 shown in FIG. 18 for the fourth shutter time 2ts/v .
after the opening of the shutter becone F13/v. The foreground conponent of.
t he second pixel fromthe |I|eft-hand side of the frane #n-1 as shown 'in
FIG. 18 for the .first shutter tine %ﬁsiv after the opening of the shutter
is Fl4/v, and the foreground conponent of the third pixel from the _
| eft-hand side as shown in FIG 18 for the second. shutter time 2ts/v after
t he opening of the shutter is also F14/v. The foreground conponent of the

third pitkein firoreidie 14 efdr hoingd Sihecrassishovetr | Difd G td By f ortdherrd r st
shutter tine 2ts/v after the opening of the. shutter becones F15/v. Since

t he backgrmimg «bjwod disuisted |heddiee tEickground conponent of the |eftnost

pi xel in the frame #n-1 as shown in FIG 18 for the second t hrough fourth
shutter ti nﬁ‘@eZtEsalreglrsuBZB/onp'ﬁlmentbwfkgm@ursdeooohq gcitxedf firtven sdeond pi xel
from the left-hand side of the frame #n-1 as shown in FIG 18 for the
third  dreft-duamch sivig tef thesbranes/fn-df tar shevopeni AYGt hes sfut tigre i s :
B26/ v. -The background object of the third pixel from the left-hand side of
t he frdiersin-shustshdwnd RiRAQ aB-gorthchodaurna %ftu’@ltl%rshliltﬁ‘eegtlﬁ v after

the opem n/g of the shutter is B27/v.
v, -and the foreground component of the thlrd plxel from

‘the left- hand side as shown in FIG 18 for the second
”Vshutter time 2ts/v after the openlng of the'shUtter-is also
F14/v. The foreground'component of tno third pixél froﬁ the
léft;handlside as shown in FIG. 18 for the first shufter
'time 2ts/v nfter the opening of-theoshntter:bécomes flS/vtr
“ Sinoerthe‘backgronnd‘objéot:is still, the background |
.oomponent of the leftmost pizel in.the frame #n;l as éhonn
'-in'F;G. 18‘f0rwthé second tniouoh fourth'shntter times 2ts/v
is EZS/H- Thenbackground object of the second pixel from
the left —hand Slde of the frame #n-— l as shown in FIG 18 for
the third and fourth shutter times 2ts/v after the opening
of the shutter is B26/V’ The background ob]ect of the third
plxel from the left hand side of the frame #n-1 as shown in
- EIG. 18 for the fourth shutter tlme 2ts/v_afterrthe opening ;:
_ofthe shutter is 1327‘/v; |
In.the frame #n-1 as illustrated in_FIG.718, the
,1oftmost througn@third pixels féll‘within the mixed éroa,
 .nhich is the uncOVerodUbackground'axeaJ

- In the frame #n-1 as illuétratedzin FIG_.18, the fourth




In the frame #n-1 as illustrated in FIG 18, the “leftnost through third

pi xels fall within the m xed area, which is the uncoveregsgﬁg%%%QH&g area..
In the frame.#n-1 as illustrated in FIG 18, the fourth 6 Septenber 2005 51
t hrough twel fth pixels fall within the foreground area. The foreground
conponent in the frame is one of F13/v through F24/v. In the frame #n as
illustrated in FIG 18, the l-eftnost through fourth pixels fall within the
background area, and the pixel valu t hereof are respectively B25 through
B28. Since it is assuned that the foreground object is a solid body and
noves at a constant speed and the inmage of the foreground-noves and
rightwardly appears on the next franme.by 4 pixels fromthe original

posi ti ohhFpughytyeyénhf pamelst e lfl oweghdund heorpereiibual theaf i f +hepi xel
fromthe left-hand side of the frame #n as shown.-in'FIG 18 for' the first
shut t er feraeroundycampenettie inpehengremet he shet ber Fils /vFiBkvngand t he

f or eground conponent of the sixth pixel from the l'eft-hand side as shown
in FIGF38/For the second shutter time 2ts/v after the openi ng of the. -
shutter is also F13/v. The foreground conponent of the seventh pixel from

‘the | eft-hantP st Bamaioim ¢n HEstseted iheFIGhitel, shuetbefthose 2ts/v

after the opening of the shutter_ and the foreground.. conponent of the
ei ghth - &‘é‘ilglh%ﬁ%?fh}é Pirelshindl wigbinstbrokAckarprad a8ehorande fourth:
shutter_time, 2ts/v _after the opening of the shutter are F1.3/v. The.
f or egr otihd %b%%gh%%}u%?'Fﬂ%rEPﬁtﬁr%i&%?P?FBhY?ﬁE B25 through B28. |

Sipce it-is,asSqmedrthat the foreground_objeCt_is a
s01lid body and moves at a conéﬁaﬁt ébeed and the image-of
the'fofggréupd'mpvgs and rigﬁtwardly appears on thé next. -
ffaﬁe.by &»pixels from the-briéinal posi#idn:in aﬁy'givén

‘_frame,.ﬁhe.fpregréund-cqmponént.of the fifthlpigel.fromrthe
left—hanq éide of #he ffame.#n;as shpwn;ih'FIG.'IS forrthe
:first shutter time Zts/v after the o?ening of thé Sﬁﬁtter‘is

; Fls/v} and they £ |

At
o LD , . : '
. the lefit~hand %Qde as shown in FIG. 18 for the second

-"shutter time ZtS/v-after-the'opening”of the,shutter-is also

:foreground component of the sixth pixel from

‘F13/v. The'foregrdund component of the seventh pixéi from
the leftfhandhside as shown in‘FIG.118 for the third shuﬁter
time 2ts/v after fhe opening of the éhﬁtteriand the’
fofegfoﬁnd.eomﬁonént Qf the éighth pixel ffom the leftfhaﬁd
.side as shbwn in FIG. lB'for thé'fou;th shutter fime éts/v
after the oﬁéning of the shutter are F13/v. |
The forégroQ?d component of the Sixth'pigel from fhe

left-hand side 6f-the_frame #n as shown-in.FIG.*iB for the

first,shutter time 2ts/v after the opening of the shutter is




| eft-hand side of the frame #n as shown in FIG 18 for the first shutter
time 2ts/v after the opening of the shutter is 6 Septenbegsg&gﬁmyza%
F14/v, and the foreground conponent of the seventh pixel fromthe

| eft - hand side as shown in FIG 18 for ‘the second shutter time 2ts/v. after
the opening of the shutter is al so F14/v. The foreground component of the
ei ght h pi xel fronrthe | eft-hand 'side as shown in FIG 18 for the first
shutter .time 2ts/v"."after the opeqls of the shutter is F15/v. Since the
obj ect of ‘the background is stationa %,*the background conponent of. the -
fi-fth pixel fromthe {eft-hand side of the frame #n as shown in FIG 18 for
t he second through fourth shutter tinmes 2ts/v after the opening of the

shut terF14/829nd The background component of. thBessi¥hbnppxekifromthe

| eft-hand side of the frame #n-as shown in. FI G 18 for the third and
fourth Shountehet leEs-Resdvsafieeast SeowpehnngIof 1hershuther sksoB30/ v. The
background conponent of -the seventh pixel fromthe teft-hand side of the
frame #phastehowbnen2 6y 48téprthhecpenitd shuthershitreet $hvaakber the
openi ng of the shutter is B31/.v. .In the franme #n shown in FIG 18, the . .
fifth thtdlgh Bedmiegriowds fomranas oot tetvarmd glite diatel vitdrin the m xed

: area whi ch.is_an uncovered background area. ' In the frame #n shown in FIG

't heths glﬁ%tﬂrﬁe%g«ﬁld% vt f $opR Bl SFEQI | 1§ £aF nthaefitoteghouhdrar ea:
The pixe] " e in the foreground area in the frame #n for the shutter

time ZtE’/f{}er%t ne’ %J‘FtEFIiBWetW%‘EPgIFB F2b/ e THR T ee ¥ nb3tFEhf Bugh ei ght h
plxels In t@ﬁ fraq%e objed% of the background 1s statlonaryr the '

background component of the fifth plxel from the left hand
side of.the frame #n as shown in FIG 18 for the‘second |
'through fourth shutter tlmes 2ts/v after the oPenlng of the .
shutter lS B29/v ' The background component of. the srxth |
-1p1xel from the left hand 51de of the frame #n as shown in-
FIG. 18 for the thlrd and Ffourth shutter tlmes_2ts/v after
h'the openlng of;the shutter is B30/v The background ‘
'component of’ tge seventh plxel from the left- hand side of
the frame #n as shown in FIG 18 for the fourth shutter tlme
“Zts/v”afternthe'opening of the shutter is7B31/v.‘ |
In the frame #n shown ':'Ln'FI:G 18, the flfth through
.seventh pixels from the left hand srde fall w1th1n the mlxed
" area which 1s an uncovered background area,

In the frame #n shown in .FIG. 18, the eighth through
twelfth plxels fall within the foreground area. The. plxel
‘value in the foreground area in the frame #n for the shutter

time 2ts/v is one .of F13/v through F20/v,

The leftmost through elghth plxels in the frame #n+1 as




6 Septenber 2005 --- 5 3 shown in FIG 18 belong to the background area,
and the pixel values thereof are respectively B25 throug@sgﬁgnm§b&ﬁp-it_is
assuned that the foreground object is-a solid body and noves at a constant
speed ‘and the image of the foreground noves and then rightwardl yappears on
the next frame by 4 pixels -fromthe original position in any .given frane,
t he foreground conponent of the: ninth pixel fromthe |left-hand side of the
frame #n+1l as shown in FIG 18 forﬂ;hp_tjrst shutter tinme 2ts-/v after the
openi ng of the shutter is" F13/v,. and the foreground conponent of the
tenth pixel fromthe left-hand side as showm in FIG .18 for the. second
shutter. time 2ts/v after "the openi.ng of the shutter 1is also F13/v. The

f or egr oghdvnconpBhént 1 8f behengl évenhh bpikgkofindnmatke,| ehti- haed si de, - as
shown in FIG 18 for the third shutter tine 2ts/v after the opening of the
shutt erPi8Ad vAdufsr bhevend somponepecoivehg BAEI thihopokeB3Rromthe

| eft-hand side as shown, in FIG 18 for the fourth shutter tinme 2ts/v
after the opeHi?R) ¥f iheshuredrtkat 18/ forauvecind egpdend t®nponent of the
tenth pixel fromthe_ 1left-hand side of the frane #n+l as shown in FIG 18
for theSofifdsPodEnaReroYPFeadt 3/ ORFERRL ARCBPeAnAgtbe Lhegshafter is
F14/v, and the foreground conponent of the eleventh pixel fromthe

| ef t - haht®st QB &5 RROCY RS Friesl §ReR oF 1ghEvaedbrdaBRAREEr ORI FBE2t s/ v after
the openin f the shutter is also  Fl4/v, The, foregroundconponent of the
ol 1 AeRE Prane e B il S, PodBsthe sariolnal posEPiSH ER aRy'

1given frame, the foregrqupd componeﬁt'of the‘ninth;pixel
 f£om‘thé,leftfhand'side;of the fréﬁé_#n+1 as‘shown in FIG?'
‘ j18 fOr_;He'first shutter‘time,Qts/v_after'the §pening %f the
shutter i§ Fi13/v, and the fofegrqﬁnd;cdmboﬁeﬁt of the tenth
) ﬁixei'frOm thelleft—hénd,sidé as ShOWﬁ_inffIG.-iBFfor_théz
Asecbﬁd‘shutﬁer time Zﬁs/v after'the'opeﬁing‘éffthe shutfe£f 
is also F13/v. The foréground.¢omponéntj6f7£he'elevéﬁth |
pixel\from.thepléftfhand éide‘és‘showﬁ in:FIG. 18 for thei
third ﬁhufter %%ﬁg 2ts/v after,the'opening_of the Shutter
and‘the_forégioﬁnd componént of thé.twelfth pixél from fhé
‘left-hand side as shown in FIG. 18 for the fourth shutter |
. timé 2ts/v afterfthe-opening-of the shuttef.a;e“FlS/v;
The f§reground componeﬁt'of tﬁe fénth pixel from the
~ left-hahd side of the-ffaﬁe.#n+l as shown in FIG..lﬂ_for the
first shutter timé Zﬁs/v‘aftér the opening of the shutter is
F14/v, and the foregrOundlcomppnent of the‘eIEQenth pixel
from the left-ha%g side as shown in FIG. 18 for the_seﬁoﬁd
"shUtter5time 2ts/v after the opéning of the shutter is also

.Fl4/V' The.foreground-compgnent-of the twelfth pixel from




the left-hand side as shown in -FIG 18 for the first shutter tinme 2ts/v:
after the opening of .the shutter is F15/v. Since-the obj egls, mhggmm )
background is stationary, the background conponent of the n pi xel from
the left-hand side of the frame #n+l as shown in FIG 18 .for the second
through fourth shutter tinmes 2ts/v after the opening of the shutter is-
B33/v. The background conponent of .the tenth pixel fromthe left-hand side
of the franme #n+1 as shown in .FIG_- % for the third and. fourth shutter
times 2ts/v after the opening of the shutter is B34/v. The backgr ound
conponént of the eleventh pixel fromthe left-hand side o the franme #n+l as
shown in FIG 18 for the fourth shutter time 2ts/v after the opening of the
shutt erths B@Echamﬂ theef sanenénnlishpwne . i DsFEGr t8e theski BLhcthrough

el eventh, pixel's, fromthe left-hand side fall within the nixed area
mh|ch,|tlme ncovesdebackgr opadiagear thet BRuttapeign¥isghown in FIG 18,
the twelfth pixel falls within the foreground area. The f.oreground
conponent i rfitive fidree grioient areatha hdekdramed #iw| stdotondiey shitid er  tine
2ts/v is one of F13/v through F16/v. FIG 19 is a nodel diagram of an i'mage
in mhlohatkﬁﬁoﬁeﬁeﬁﬂmmmeHEOQ@ohbﬂtnlstbxplucleﬂrbmouhehéeptxshndalues
illustrated in FIG 18. The process for generating adouble-density image in
the m x®Hareh e of sais sttt bep dwsh@Sepr cibér 29050or §Be Pexend, a through

c are within the mixed area.in the frame #n in FIG 20 .
through fourth shutter times’ 2ts/v after the openlng of the -

shutter is B33/v _ The background component of the tenth
| plxel from the~leftehand side“of.the frsmer#n+l‘as shown in
CFIG. 18- for the thlrd and fourth shutter tlmes 2ts/v after
'the openlng of the shutter is B34/v The background
component of the eleventh plxel from the left hand 81de of -
"1 the frame #n+l as shown in FIG. 18 for the fourth shutter
tlme 2ts/v after the openlng of the shutter is- BBS/V
) 'Ln the freme.#h+1-shown in FIG, 18( the-ulnth through
eleventh=pixél%;from the left—hsnd side fall within the
. iy _ ‘ ‘ .
mixed eres which-is an uncovered backgrouhd area.
In the frame #ntlishown'in FIG. 18, the twelfth pixel
‘falls within the foregrouud_area. The foregroundrcomponent
in therforeground aréa in_the frame #ntltfor the shutter
time 2ts/v is one of F13/v through F16/v.
. FIG. 19 is a model diagram of an image in which the
_foreground,compouent is extracted from the oiXei values
illustrated in FIG. 18. .
The process for-geheratihg a doubleedensity image in

the mixed area is discussed below.




The pixel value Ma of the pixel a in the frame #n is expressed in equation
(9). + BO7/4 + BO7/4 + B12/4 (9) BO7/.4 The pixel val ue pi xe
val ue Ma2 of. the double-density inmage correspondlng to ?%gm%?Qnggi are
respectively expressed in equation (10) and equation (11). In equatlons
(10) and (11), the foreground conponent or the background conponent
mul tiplied by a coefficient 2 to adjust gain. Mal = 2x (B07/4 + BO7/4) =
BO7/2 + BO7/2 = BO71.- Ma2 2x (BO7/4 + F12/4) (10) BO7/2 + F12/2: (11) '
- Equation (10) shows that the pixel v e BO7 of the corresponding pixel in
thefrane #n-1 needs to be set to the pixel value Mal. of the .
doubl e-density. image on the background area corresponding to the pi-xel a
in the franebixelThe @hx@tgwatuaréhﬁiomiﬁhehéombkéddgﬂggtyniaﬁge on the
foreground area corresponding to the pixel -a in the frame #n -is determ ned
from eqfingien#12), F8AL cROLs obtained by rewiting equation (4) .
or-equatlon (5. Ma2 = 2x Ma-Mal . . (12) 6 Septenber 2005 - 5.6 FIG 21
is a di agrarﬁ‘hf& Imehtvm@eh@ar@f aﬂ:}neemsm@loi in the frame #n is-

expressed in equation (9).
. Ma = BO7/4 + BO7/4 + BD7/4 + B12/4 ' (95
The plxel value Mal and the plxel value Ma2 of the
'double den51ty 1mage correspondlng to the plxel a are
' re3pect1vely expressed in equation (10} and equation {llf
'd_In equatlons {1.0) and (11) the foreground component or the .
"_:background component is multlplled by a ooefflclent 2 to
: ,;adjust galn |

B Mal = 2x (BO7/4 + B07/4)

H

BO7/2 + BO7/2
-;BO'?‘ L . o _(.1_0")*;'
.Mag,é 2X %507/4 + F12/4) |
= BO7/2 + F12/2 ‘ | 1)
Equation (10) shows. that thé pixel value B0O7 of the
- oorresponding pixel_inethe.frame #n—l_needs to be.set to the
:pixei value Mal of the doublefdensity image on the .
background area‘oorreapondingnto the pixel a in tnenframe #n;
The-pixel Valne‘MaZ'of the doublefdensity.imade on the-.
:iforeground area correspondlng to the plxel a 1n the frame #n
‘is determined fr%p equatlon (12) ‘which is obtalned by
tewriting equation (4) or equation (5).

Maz = 2x Ma-Mal _ : o ‘ - (12)




pi xel val ues of p|xels in the ntxed ar ea, nanely,‘the pi Xxel val ue of a

pi xel having a | arge background conponent, a' pixel. valueggkpgﬁgaﬂwos
corresponding pixel in a prior frane or a. subsequent frane e pi xel _
val ue of a doubl e-density image, and a chronologically ideal pixel value.
Horizontal solid.lines in FIG 21 represent .the pixel .value of the input

i mge- Horizontal broken lines.in FIG - 21 represent the pi xel val ues of an
i mge having a double density in th irection of .tine. When a pixel in
the. mxed area in the frane :#n contains a nore background conponent, the
pi xel -value, of the corresponding pixel in-the background area in the
frame #n-1. is set as.the pixel value density , inages shown in the ‘
doubl e densit¥Gi nhpeis f4 abaghrah . i1 Disthet bagkgheundl atibhehdpubke FIG

21. Referring to FIG: 21, on the background is located in the Wen the

pi xel ipixehevained afenlxelshenftaHEm#nehaaraanonembagkgthenoleenponent

t he correspondi ng pi xel value of the double-density inage on the
foregroUﬂ&uEsoéaﬁcniaeedhaﬁtogtaheapgxebavagmeuoﬂ theppineelt,i ' t he m xed
area’in the franme #n and the set pixel value of the . double-density inmage
on the Ba¥Rgrvahde bhstlconcryeaprbAing) pangleduaki bnies) frRekepri Ag tO
FIG 21, the doubl e-density imge on the foreground is |located in the frame
d#n+1 ng%ﬁegﬁg%t bpame. gq pixel value of .a deouble- den51ty image,

and a. chronologlcally ideal plxel value
Horizontal solid llnes ln-FIG 21 represent the plxel
‘value of the input image. .HOrizontal broken lines in FIG.
21 repreSent the plxel values of an 1mage havrng a double
'den51ty in the dlrectlon of tlme
: ‘When a plxel in the mlxed area 1n the frame #n contalns
a more background component the plxel value of the
correspondlng plxel in the background area 1n the frame-#nﬁ
is set as the plxel value of the background of the double
._ den51ty¢1mage gs shown in FIG. 21. Referrlng to FIG. 21,
the double densrty 1mage on the background is located in the
'frame #n-1.
When the plxel in the mlxed area 1n the frame #n has a
‘-more background component, the correspondlng pixel value of
t_the'double—density.image on thegforeground“is calculated |
from the plxel value of the pixel in the mlxed area in the
_frame #n and the set plxel value of the. double densmty 1mage
on the backgroun%.baeed on equatlon_(4) and,equatlon (5).
Referring to FIG. 21,'the doublewdensityrimage on the

foreground is located in the frame #n+1.




Li kewi se, the pixel value B06-of the corresponding pixel. in the frame
#n-1 is set to the pixel value Ml of the pixel" b .in thegdoyhl,e398msity .
i mage on the background as. expressed in equation (13) The pi xel val ue M2
of the doubl e- density image on the foreground correspondlng to the pixel
in the franme #n is cal cul ated from equation (14). 2.x (B06/4.+ BO6/4)
B06/2 + .B06/2 B0O6 M2 2 x M - Ml (13) (14) The pixel val-.ue- Mc of the
pixel c is: expressed in equation_(15) .. Mc = .B05/4 + F12/4 + F11/4 +
F10/4 (15) .The pixel value M1 and the pixel value M2 of the

. doubl e-density ,inmage correspondfng to the pixels in the frame #n are
respectlvely expressed -in equation (16) and equation (17). -In equations
(16) and (1Aikawied ordyr quimel conponeil 6 0v f t biee backye spewdd togponent i s
nultlplled by.a coefficient of 2. to adjust .gain. Ml =2 x (B05/4 +
F12/4) Bos?h inFibe oframs #R2l=i3 KetFte/she Piseld) velue2Mbi BIOtBe(17)
Using the spatial correlation of the foreground conponent, equation (18)
hol ds. &+ t%nﬁ%rtQ®0@°§%le denS1ty image on the background as

' expressed 1n equatlon (13} . - The pixel value Mb2 of“the
-double denSLty 1mage on the foreground correspondlng to ‘the
plxel b in the frame #n 1s calculated from equatlon (14).

“Mbl = 2 x (B06/4 + BO6/4) |
- BO6/2 + BO6/2 |
L= BO6. S a3
Mb2 = 2 ® Mo - Mbl o N 5
_ The pixel value Mc of the plxel c is expressed in
requatlon (15)
. Mc 305/4 + Fl2/4 + F11/4 + F10/4 | . (15}1-
:ﬁhe_plxel}value Mcl and the plxel value'Mcé'ofrthe
adoublefdensityiémage corresponding'to_the pixel.c.in the_
fraﬁe #n are respectively erpressed in equation (1é)uand
”equation‘(l7) - In equatlons (16) and {17), the foreground‘

component or the background component is multlplled by a

coefflclent of 2 to ad]ust galn

Mcl = 2 x (BO5/4 + F12/4)
= BOS/2 + Fl2/2 - (16)
Mc2 = 2 x- (F11/4 + F10/4)

F11/2: 3 F10/2 B oan
U81ng the spatlal correlatlon of the foreground:

component, equatlon-(18) holds.

b




F = F11 = F10 = FO9 = FO8= FO7 = FO6 .(18) From equation (18), F09/4. +
FO8/ 4 + FO7/4 + FO6/4. The pi xel val ue of the pixel c |n6@3ﬁe$5@ﬂ@mﬁn+l
equal s the pixel value F. Equation (19) thus holds.. M2 = F11/2 F10/2 F,
(19) The pixel value M1 of the doubl e-density |nage on the background
corresponding to the pixel c is calculated from equation (20), which i's
rewitten fromequation (4). or equation (5) Ml = 2.x M M2 (20) FIG 22
is a diagramillustrating the relationship of pixel values of. pixels.in
the m xed area, nanely, the pixel v e of a pixel having a | arge
f oreground conponent, a pixel value of the corresponding pixel in, a prior
frane or a subsequent frame, the pixel value of a double-density image,
-and a chronpl egrcal +yrideal rpoxel rygkugg7 Horggental soliigd lines in FIG 22
represent the pixel value of the input inage captured by the sensor.

Hori zontal .brekesghibesni 01§ G r@@/sepresent theopjxel vabpes ofan

.1 mage having.a double density in the direction of tinme. Wien a pixel in
the m xedxalesalnet hé thanpi#mlcontai nke aramee#honegyaund ggaponent, t he
pi xel value of the corresponding pixel in the foreground area in.the frame
#n+l 6 Eégﬁénbeiue065 - 59 is. set as:-the pixel value of the foreground of

. the double density inmage as shown in FIG 22. Referrlng to FIG. 22,
© Eguation (19) thus holds. _

- Mc2 = Fll/2 + F10/2
=F - S - (19)
The pixel value Mcl of the double den51ty 1mage on the

,backgronnd correspondlng_to the pixel c:is calculated from

equation (20}, which‘is'rewritten fromgequation (4) or

'equation_(S),
o Mcl = 2 x Mc ~Mez | ‘f T '(20)

FIG 22 is a diagram 1llustrat1ng the - relatlonshlp of
plxel‘values oﬁ plxels in the mlxed area, namely,_the-plxel:

i
_value of. a plxel hav1ng a large foreground component a

plxel value of the correspondlng pixel in a prlor frame or a
fsubsequent frame, the pixel value of .a double-density image,
-and a‘ohronologically ideal.pixel value. |

'Horizontal solld lines ln FIGL‘22 represent the pixel
nalue of the,input image-capfured by the sensor. Horizonfal
.broken lines in FIG. 22 represenf the pixel values of an -
.image hav1ng a double den51ty in. the dlrectlon of tlme '

When a plxel in the mixed area in the frame #n oontalns
a more foreground component, the plxel value of the

~ corresponding pixel in the foreground area in the frame #n+1




.the doubl e density image on the foreground is |located in the frame #n+1.
Wen the pixel in the mxed area in the frame #n has a np&entAn&EgpeRUNd
conponent, the corresponding pixel value of the double-density I nmage on

t he background is calculated fromthe pixel value .of the pixel in the

m xed area in the .frame #n.--and the set pixel value of the f

doubl e-density inmage on the foreground based on equation, (4) and equation
(5), Referring to FIG. 22, the dou%be-density i mge on the background is

located in the frame #n-1. Wen the pi'xel value of the. pixel in the mixed
area in the double-density inmge containing two or three background
conponents with the anount of. novenent v of 4., is generated, a pixel

val ue ofsthetpixethenpihelbaskgeoundtheedoiragaophidoh if raRe dobaesubsequent
frane is.set to. the pixel value of the. double-density image in the
backgr odens i Bndimage paxeshvwhugni AI&he2doubketedensit yoi ARge »f, t he
foreground is cal cul ated fromequation (4) or equation (5) . .Wen the

pi xel veleedofiblidedpisetyi hmate ohxtdeafeaegnounte idoldbloetdensint yhe

i mage- cont ai ni ng one background conmponent w th the ambunt-of novenent v of
.4 is geveratédtla pixel value of the.pixel in the foreground area in a
prior frame or a subsequent. frame is set to the pixel value of the 6

Sept ember 288G GiBIRt dehsiity iR 4% hien f eregfbamd, Fankes he pi xel -
value in the double-density inage of the background is.calculated from
equat i dFPY{%) FOFCERIHT orPTBY 1o enet 2 | O EpRARPRGINANBAXERe VBILREI Of n t he
nlxed a%ﬁgidduble—densityrimage on the background is calculated

3

from the pixel value of thé pixél in the ﬁixed area in the
.frame #n;and-the Setﬂpikélfvalue Qf the‘doublewdeﬁéity image
on the fofegrogﬁd.ﬁased:on eqﬁaﬁion_(4) and equation'(5),
Reférring to FiG,_ZZ,‘tﬁerdéﬁblé;denéify'imagé on the

'baqurqudd is.lbcated‘in the frame #n—l.fr

When the pixel value”df-the.piXel in thé mixed area in
the'd@ublewdengity image contaiﬁihg two or thfée badkgrouhd

| componénts wit%#the amount of. movement v of'4,is generated,
oo . By :

a pixel value of the.pixel in the*badkgrOuﬁd-afea,in a prior
fraﬁé or a-éubsequeht frame is_set to thé pixel value of the.
double—density image in the badkground,'and the pixel value
in the double-density imaée of the'foreground is célculated
from equation (4) or equation (5). - R ' '

When the pixel valué of the pixel in thermixed area iﬁ

the doﬁble—dénsity image.coﬁtaining one . background compqnént
With the aﬁount‘af‘movement v of_4.is§eneréﬁed, a pigel
value of the_piXel in the foreground area in aipriqr frame

or a subsquent_frame is set to the pixel value of the.




has a higher correlation.wth the correspondi ng pixel i-n the background:
area, than with the correspondi ng pi xel in.the foregroundﬁgﬁgémbégﬁo i xel
val ue of the correspondi ng pixel in the background area. Is set as the-

pi xel value of the double-density imge in the background, and the pixel
val ue of the doubl e-density inmage in the foreground. is calculated wusing
equation (4) or equation (5). Wien the pixel in the mxed area has a.

hi gher correlation with the correspoQ%Lng pi xel in the foreground. area
than with the corresponding pixel in e background area, the pixel val ue
of the corresponding pixel in the foreground area is set as the pixel

val ue of the doubl e-density image in the foreground, and the pixel value of

t he' douldoebdensichy iityagaaige tife thagkgeowatinas Galcdhat ed4si Bgigguation
(4) or equation (5). FIG 25 through FIG 28 illustrate the results of the-
process iwhithle elaitlresichlzd tappmapk atrerass hak kghe uroeessa1fanagelti ng t he
pi xel value having a high correlation to a .pixel in half side of a

doubl e- dewgi epuiarmge. (Eheormegeawibh t(Be .shutter time is is averaged over .2
frames; and then an image corresponding to the shutter time 2ts is thus
gener at ed. AGehé¢fetbnceperkifigamesen othe heikehgen 6ticephenbera2fP5 - 61

‘having the shutter time.2ts, the inmage having the shutter tinme 2ts, and a -

di f f er eR@€ 8f highmescerreinéipnagéthathagecpheeshantiéngt pireeilsiar eheonpar ed,
based on the generated i mage having the shutter ‘tine 2ts, and the image
havi ng PREX9SRUPEeRrTERNERRE. WiRht RBeprocesspagdangt héxeimye bhwi ng the
shutter tine ' _ . . :

-+ foreground area, the pixel

¥

value of the corresponding pixel
in the backgtound area is set .as the pixel‘value of the
’ ddublequnsity-image in the background, and the:piXel value
of ‘the doﬁblé—dénsity image in the foreground is calcuiéted
using eduation (4)1Qr equétidn (5).' When théiﬁixel in the
mixed area'hgé'a higheriqoﬁrelétion wifh the. corresponding
pixgl in.the-foregroﬁnd;area than with theicérresponding
ipixeilin the Q?ckg:dund_area; the pikel value ofrthé.‘r
lcorresppnding %%xel_in ﬁhé foreground area is set as the |
pixel value of %he'doﬁble—density image-in.the‘foreground,
'aﬁd'thg pixel value of the“double—density image in the
.'backgréund is calcﬁlated_uSing equation (45 or equatioﬁ {5).
| FIG. 25 through:FIG. 28 iilustrate the :esuits of the
;pfoceSs,which exémines'the‘apprOPriatehess ofrthe procéss
for'setting~the piXel’valﬁe having a high gorrélatioh'tora.-
‘pixel in hélf side.ofla déuble—density image.
The image'w%£h tﬁe shutter time-ts is averaged ovéf 2
fraﬁes, and theh'an-image éofrespbnding tb the shuttei time

-2ts_is thus . generated. A difference in frames of the image




2ts, and the frame difference of the shutter timets, the image having the
shutter time is corresponds to.a pixel having a high cor g&ealh@B Jobst he . .
generation process of the above-referenced double-density inage. G 23 .
-is an: image. of a franme difference between the inmages having the shutter
tinme 2ts. FIG 24. is an enlarged view of the inmage~in the m xed area of
the frane difference between the images having the ii.. shutter, time 2ts.
FIG 25 plots a change in the pixel_ yglue of a pixel, wth respect to a

pi xel position, in the image in the mxed area of the frane difference

bet ween the i mages having the shutter tine 2ts. FIG 26 illustrates the

i mage of the frame difference between the i'mage having the shutter time 2ts
and t hehpwage thavehgtthe shuet 8tstitbet Smabe hheical dhleatshorttarocess. of:

t he ina%e havi ng-the shutter.tine 2ts and the imge having the shutter tine
ts, thetdmpfétencandabcdlateonnpeoeéstrampet wéemhieheémpigeehaivinghehe :
background in the inage having the 6 Septenmber 2005 - 62 shutter tine is
and t heShUF§8E pixel tof arRecPipgecfavbagedhen thet vencramedRtishbice
appropriatelé‘aJternated with the difference cal cul ation process between
the pi xBRVERIt B FBREGPBUREMEnZthe FREgENRadMAget Ravingt tée tine is and

t he targﬁat i xel . of th i mage having the shutter time 2ts. : '

er tlme t

I the proééssing of thé imagé-haﬁiﬁg'the shutfer tiﬁes
2ts, and the frame differgnge'df the shutter time ts,.the
:iﬁage-having_the shﬁﬁter time ts corﬁesponds'to a pixel |
having qﬁhigh corfelatiohrin the generatiOn.proCess‘éf the
:above—reféreﬂced déublefdensity.image,

| -FIG. 23 is‘aﬁ'iﬁaéé.df-a fiame:différéﬁce'ﬁetween the

images.ﬁaVing the shutter time Zté:' |

FIG. 24,is.ah.eniarged view of théAimagefiﬁ the mixed

i

area of the frame difference between the imagés_having the
shutter, time 2ts. |

FIG. 25 plgts a change in.fhe piXel_ﬁalue of a pixel,
'With respect to a pixel position, in.the image in the mixed
area df the frame-difference between the'images‘haviné the
" shutter tiﬁe'Zts; | ‘ |
FIG. 26 illustrates thé.imageAgf'the framefdifference
betweén the imagefhavihé the shutter fime 2ts and the.image
.having the shutter:tiﬁezts. ‘Iﬁrthe calculation prpcéss of
" the image havinqﬂthe shutter.tiﬁé 2ts and the imaQe héﬁing'
the shutter,timeﬂts,-the differencé-calculation process

between the_pixel in the background in the image having the




FI G 27 is an enlarged V|em10f the image in the nixed area of the frane
di fference between the inmage having the shutter. tinme 2tsgzan e&pﬁzb .
havi ng the shutter tine ts. FIG 28 plots a change. in the plxe ue of
the pixel with respect to.the pixel position of the pixel in the nixed
area of the franme difference between the image having the shutter tinme 2ts
and the i mage having the,shutter tinme ts. Referring to FIG 23 through

FIG 28, the frame difference of he inmages having the shutter time 2ts has
approxi mately the same val ue as that °6f the frane difference of the i mge
havi ng the shutter tine 2ts and the correspondi ng i nage having the shutter -
time ts.. For this reason, the process of setting the pixel val ue having a
hi gh cosmeteti onine s pinel tiod theghal fisédesof thbeingdosbh g depsify image,
And- generating the pixel value on the other half sideof the double-density
i mage fshonttde pluel2tyal veaphawdpgisbel i ght€ond eddtyDih agwk t he ori gi nal

pi xel value results in an inmage substantially identical to. an i nmage which
i s obt athefefenre icvagaslathich @receaptbedea tthe tihiexshutd ethd'i me of the
sensor hal ved.. 6 Septenmber 2005 - 63 The process for generating a

doubl e-Heredrguideige tosednagm mdrrelrpq; xehe | shutiesf oriegs ot chrad ethd S .
di scussed bel ow.- Referring to FIG 29, a pixel dis in the background. - area
in the ¥3%gRt Anixgheo ik edar har oig tites piettar iminhefsame #n is o

expressed in. equat| on (21). Ml.= B10/4 + B10/4 -+. B10/4 + B10/4 (21)
FIG. 27 15 an enlarged v1ew of the 1mage in the mixed

area of the’ frame-dlfference between the image having'the

A

shutter.time 2ts and the image having the shutter time ts.

FIG 28 plots a change 1n the pixel value of the plxel
with respect to the plxel posrtlon—of the plxel in the mlxed
area of the frame dlfference between the image having the
shutter time 2ts and the 1mage havrng the shutter tlme ts.

Referrlng to FIG 23 through FIG 28, the—frame
.difference of_the 1mages hav1ng the shutter time-2ts-has

H
approxlmately the same value as that of the frame dlfference

of the image hav1ng the shutter. tlme 2ts and the
corresponding 1mage having the'shutter~t1me ts-

| For this reasen,'tne precese of setting the pixel valne
naving a high-cerrelatien'to a pixel on the half side of the
Hdonble—density image, and'generating tne pixel value on the -
ether half side of the double-density image from the pixel

: va;ne having'the high correlation'and the original pixel

: value reeults in#an image sunstantialiy identical toean
image which is obtained from images'wnich are Cantured with

the shutter time of the sensor halved,




The pi xel val ue Ml and t he pi xel value MI2 in the doubl e-density |nage for
the pixel d are respectively expressed in. ‘equations (22) &emﬁéé% 5 I n
each of equations (22) and (23), the background conponent |s rultiplied by
a coefficient of 2; Ml =2 x (B10/4 + B1014) B10/,~ + B10/2 B10 (22)
Mi2 = 2 x (B10/4 + B10/4) 810/ 2 + B10/2 B10 (23) The pixel -val ue B10 of

t he correspondlng pixel inthe .frame #n-1 is set to the pixel value Ml
.and the M2 in the double-den3|ty_1 e for the pixel -d. pixel value The

- process for generating a double-density inmage based on the pixel in the
foreground area is discussed bel ow, Wen a doubl e-density image is

gener ated based on a pixel in the foreground, a correct pixel value is not
6 Septenber PROFroddss obvai gedefavimg prdoubfeanensita subgequessqaframe,
the spatial, correlation of the foreéeground conponent is used. The pixel .
val ue oPntﬁbeppﬁeelfianehorfbhegsubsdqaeaa feadescubisedevenclkas a. | arger
correlation value, is used as a pixel value of any side of the ,
doubl e- den5|$®f¢#ﬁﬁﬂg ot Her Y xed mikelke ®f1$hendbuelhadk@3®myd|nage is
cal cul ated 'usin eguation (4) or equatien .(5) .. A pixel e faIIs wi thin
the f or 8GRBuhd g?%a FROEh&NEr ame - ' R

The pixel wvalue Md of the plxel d in the frame #n is -
'ex@ressed 1n equatlon (21) .

7Md_= B10/4 + B1l0/4 +_Bi0/4 + B10/4 | | (21)

The plxel value Mdl and the plxel value Md2 in the
'double den51ty image for the plxel d are respectlvely
expressed in equatlons (22) and (23) In each of equatlons
_(22) and (23) the background component is multlplled by a

' coefficdient of 2; - ' |

Mdl = 2 x (B10/4 + B10/4)

-

BlO/Q + B10/2

. H , ' : -

Md2 = 2 x 1310/4 + B10/4) .

B10/2 + B10/2
= Blo . | - ‘ : S (23)
'The’pixel value B10 of the corresnonding pixél in the
Vframe #n¥1 is set to the pixel value-Mdl and the pixel valne
Md2 in-the_doubiefdensity imdge for the pixel d.
A The procese for generating a'donble—density‘image based
on the_pixel in Epe foregtound_atea~is disoussed.belowt
‘When'a double-density image is generated based on

pixel in the foreground, a correct pixel value is not




#n in FIG, 30. The pixel value Me of the pixel e inthe frame #n is
expressed in equation (24). FO7/4-+ FO8/4 + F09/4 + F10. /ésé§4%mgggﬁplxel
val ue Mel and the pixel value Me2 in the doubl e-density inma or e pixel
e are respectively expressed in equation (25) and equation (26) In
equations (25) and (26), the foreground conmponent is multiplied by a fact or
of 2 to adjust gain. -Ml =2 x (F09/4 + F10/4) FO9/2 + F10/2 Me2 = 2. x -
(FO7/4 + FO8/4) F07/2 + F08/2 (.25) @2@) Wen the pixel e has a "higher
correlation with the corresponding plxel in the frame #n+l thanm with the
correspondi ng pixel in the franme #n-1, equation (27) holds .using the
spatial correlation of the foreground conponent.. 6 Septenber 2005 - 65 F .
= F08 FOFt=ifcQ6fFOS = POdor EO3m¢23) aThebpexaknvalfwemef the corresponding
pi xel in the frane #n+l is set to the pixel value Me2 in the
doubl e-Beatiay conmgeafbent hé ph&efoeeesoenpreemednenteqsauseu (28). M2 =
FO7/2 +F08/2. FO06/4 .+' FO05/4 + F04/4 + F03/4 = F (28)

The plxel value of the prior frame or the subsequent frame,

huhlchever has-a.larger correlatlon value, is used as a pixel
'value of any side of-the double—density'imaget‘ Another-
fpixei value of the-double—density image is caloulatedluSing
equation (4).or eduation 35).
| A pixel e falls.uithih the foreground ared in the frame
#n in FIG 30.» |
The plxel value Me of the plxel e in the frame #n is
expressed 1n equatlon (24)- |
Me = FO7/4 + F08/4 + FO9/4 + F10/4  (24)
The plxel value Mel and the plxel value Me2 in the
'5double den31ty\1mage for the plxel e are respectlvely

. '
_expressed in equatlon (25) and equatlon (26) . ' In equations

(25) and (26}, the foreground component is multiplied by a
factor of 2 to adjust gain.
Mel =‘2'x.(FO9/4 + F10/4)
| ._élFOQ/Z'% F10/2. | - (25)
Me2 = 2rx (F07/4'+ F08/4) |
R FO7/2 + F08/2 26
When the plxel € has a’ hlgher correlatlon with the
correspondlng plxel in the frame #n+1 than with the
‘correspondlng plxel in ‘the frame #n—-1, equatlon (27)_holds_

using the spatlal correlatlon of the foreground component. .




. The anot her pixel value Ml in the doubl e-density inage for the pixel e
is calculated using equation (29); which is rewitten, f t (4)

or equati.on (5). Ml 2 x Me - Me2 (29) In this way, 'the. 6@%%§@H%33@255|ng
appar atus generates the double-density inmage for the pixel falling wthin
the. mixed area. Wien a target pixel has a nore background conponent -as
shown in FIG 31, - in other words, when the target pixel has a higher
correlation with the pixel in the ba round, the correspondi ng pixel val ue
inthe background is set as the pi xel"Val ue in the doubl e-density image in
t he background.- Based on equation (4) . or equation (5)", the pixel value
in .the double-density image in the generated foreground is The image
processing aprardd &is= getierat es6 ther@oubl o4 densd sy | mage7hor the pixe
falling within the m xed area. When a target pixel has a nore foreground .
conponent asIhawikel wdElhG S, the otiesspondsng whiexel hen t-etigef rahxel has a
6 Septenber 2005 - 66 higher correlation with. the pixel in the -

f or egr ofin#}! %ﬁesébr?@sﬁbﬂdphgeblYelueaMaé in the florbyeredadsisyset as the

~ pixel value in the double-density inmage in the foreground. Based on.

' equatlohm%Q? B?Ieaﬁatpbhe%S? ag hexprrasedalnesinathendé@d) e- density i mage
_|n t he back round |s enerated. The inage processing apparatus generates

't he “doubl e- ‘ﬂ%n3|q gﬁ?Q%ﬁ the pixel falling with the background ar ea.
Referrlng to\FIgiFgg/4a g§/4hav%8g/g hlgher correlation is

Y

‘fhe ahother oixel,value‘Mel in the double-density image
for the;gixel e is calcoiated ﬁsing-eguatioh (29), which‘is
'rewritten\from equation {4) or-equation (5} .
Mel 2xMe'-— Me2z - | | (29)
In thls way, the 1mage proce551ng apparatus generates
- the double den51ty 1mage for the pixel falllng wrthln the
mlxed\area.' When a target plxel has a more background
'component as’ sgown in FIG 31 ‘in other'words' when the
target pixel has a hlgher correlatlon with the pixel in the
'background the correspondlng pixel value in the background
- is set as the plxel value in- the double- den51ty image in the
background.r Based on_equatlon (4) or equatlon {5)7, the
'hpikel value in the double—density image in the foreground is
generated: | |
The image processing apparatus geherates the’gouble—
density image for the plxel falling within the mixed area.

When a target plxel has a more foreground component as shown

in FIG. 31, in other words when the target pixel has a




sel ected and the pixel value in the frame having the high. correlation is
set as the correspondi ng pixel value in the double-denS|F¥ﬁ|na e &pd

anot her pixel value in the double density imge is generate ase

equation (4) or (5). In this way,--a double--density inmage is

gener at ed. based on the pixel value of the background having |ess. noise.
The, inmage processing apparat us generates t he doubl e- density . Y;. inmage for

the pixel -falling with the foregrounggﬁrea. Referring to FIG 32, a pixe
having a higher, correlation is sel ed, and the pixel value in the frame
havi ng the higher <correlation-is set as the correspondi ng pi xel value in
the .double-density inmage, and another pixel value in the double- density

i mage i bigeaer abedebasednonienuahbopikd) oh €h). rbkGyrddntihreHgh FIG 42
illTustrate the results of the generation of the'-double- denS|ty i mge by

t he i magerrpspord$hagpappar akliseofnt heepfese@touﬂaemgl gat EkGchd4
illustrates the exanple of an input inmage 6 Septenber 2005 - 67 having the
shut t erpiked PadueFiG tB6 dblibserdtesithpeiexqgapie oheafoeabasged. i mage.
containing a mxed area in the input inmage having the shutter tinme 2ts.

FIG . 3%a$$@u@nreqeetapehaﬁgeornthetpoueKSValuEempiheIes@ece in a pixel

- position in the input imge containing the mxed area and having, the

shut t er tR¢ n@ovhke-fetai by njrage FrGhachacherabsdi ssagerprasedts the p|xe

p05|t|on and the ordinate represents the pixel value.
The image processing apparatus generates the double-

density 1mage for the pixel falling with the background area. -
Referring to FIG. 32,ra piXel having a higher cerrelation-is
selected and the pixel value in the frame haVing the high
correlation is set as the corresponding pixel value in the
doublefden81ty 1mage and another pixel value in the double-
: densitv image is:generated based ‘on equatlont(4):or (5)..
l “In this way, -a doubleJdensity image is generated based'
fon the pixel value of the background hav1ng less noise.

. The. image”proceSSing apparatus generates the double—
'denSity image for the pixel falling with the foreground area.
1Referring to.FIG. 32, a pixel hav1ng a higher,correlation is
selected' and the pixel value in the frame having the hlgher
correlation is set as the corresponding pixel value in the
gdouble—density image and another pixel value in the double—
denSity 1mage is generated based on equation (4) or (5)

FIG. 34 through FIG. 42 illustrate the results of the
‘generation of theﬂdouble—density image by'the.image -
“processing apparatus ef the'present invention.

FIG. 34 illustrates the example_of'an input image




FIG 37 illustrates the exanple of a half-side of the double-density inage
generated by the inage processing apparatus in response tgsgﬂgmgggy&iinage.
FIG 38 is an enlarged view of -the. half side of the double-density I nmage,
containing the m xed area, generated by the inage processing apparatus in-
response to the input inmage. FIG .39 plots a change in the pixel value with
respect to the pixel position in..the half side, of the double-density

i mage, containing the mxed area, gengrated by the image 'processing
apparatus in response to the input inage. Referring to FIG 39, the
abscissa represents.the pixel position., while the ordinate represents the

pi xel value. FIG. 40 illustrates the other half 'of the double-. density
i mge gBABiBEethByshhbterngémpr 8tessi ng apparatus in response to the input
i mge. The doubl e-density inmage 6 Septenber 2005 - 68 illustrated, in FIG

40 is a nextFiGmg® stlblsetfirenites othhecxaioubt cotensi eylanged itdastrated in
FIG 37. FIG 41. is an enlarged view of the other half of the
doubl e- GBRER 1Y Roegy P X8Rt AFAfng t hBe i ReUtaiBAageghABiagetheby the i mge.

processin aratus_in response to the input image. FIG 42 plots a change
in the %?ggﬁg af%%@v&?ﬁ'respeCt to the pixel position i.n the other half of
. cont ai ni t he m xed area, generated by the . imge.

brocessing avar Aud T T UEHOTR (I | b FHgEL R P Lo Pl G
: _42[ , @e%@g’& ST'_SC?‘ aI{ e;_g){;?esfnégs.{pfogi :I)_(I?l the inpﬁt image containing |
. the mixed area and having the shutter time 2ts; Referrihé'
to FIG. 36, the.abéciééargépresents the bixei position, aﬁd
VIthe orq%gate represents the pixei.value.
‘.FIG,.37 illustrates the example]ofra half-side of the
‘doﬁbleédensityaimage Qéneratedﬁby tﬁe image processihg
appaiatﬁs in feépon3e~to‘the inpufrimégé}'
| FIG;H38 is-an,enlérged vieﬁVofrfﬁeihalf siae of the
do?b}é—ﬁensify“imaQe; contéihingrfhe miiéd'afeé, generétéd'
by the,image”p%?cessing apparatus iﬁ-respdﬂse to the input
image. o |
7 'FIG,,BQ plots a'changé in the pixel value with respect
© to the pixel position: in. the haif side. of the double—dénéity
‘image,'édﬁtaining the miﬁed area, generated by the image
..proceééihg'éppafatus‘iﬁ respohsé.to the input image. |
Referring ﬁo FIG. 39, the abséissa_ﬁepresénfs the pixel
;positiqn; while .the ordinate repfésenfs the pixel value.
_FIG,14O illg§trates £hé other half of fhe doubléfh
—dehéity.imagg génefatéd by the image processing apparatus in

- response to the input image. The‘doublefdensity image




position, while -the ordinate represents the pixel value. In the

doubl e-density i mages- shown in FIG 34-through. FIG 42 gg@SF@%&gzﬁM t he

i mage processing apparatus,.the wdth of, the'' mxed area TS as ?
as.the width of the mxed area in the input image. ‘Also in

t he- doubl e-densi ty i mages "shown in FIG 34 through FIG. 42 generated by
the image processing apparatus, the amount of notion blur is as half as -

t he amobunt of notion blur' in the .input inmage. Referring to a flow
diagramillustrated in FIG 43, a process of time resolution of t he

i mage- processi ng apparatus of the present invention for generating an inage
having a double density in the direction of tinme is discussed below " In
step Sli]lluheriahmdeipr 8¢6ssingiappanakisinagei sadsaguendepberber 2005 - 69
i nput ‘i mage. The acquired image is stored in the frame nenory 101 and the
frame népubyeigdensang imadel ayeédsbyatedmen Each d&l.ayed frane is fed to the
correlation or the correlation calculator 104. calculator 103 .In step"
S12, the corfFE}atdibnitateutatargddaview cof atles ¢hkerohatfabdfobhwal ue with a
correspondi ng pi xel subsequent frame, and the calcul ated correlation then
fed to @%bhaﬂfleeeaeypnsaegevapeete@megathenmeateduraaeer, genecaked| ates in a

val ue |s generator 105. The
) by “the Jlmage process1ng apparatus in response to the 1nput

'image;-
: fIG 42 plots a change in ‘the pixel value w1th respect
to the pixel p051t10n in the other half of the double-
‘densityzimage,-containing the mixed area,'geherated by'the
Almage proce551ng apparatus in response to the 1nput 1mage
-Referrlng to- FIG 42 the abscissa represents the plxel
eposltlon whlle the ordlnate represents the pixel value
In the double densmty 1mages shown in FIG 34 through
:FIG 42 genera@ed by the lmage proce551ng apparatus the
.w1dth QI the mrxed area is as half as the w1dth of the mlxed
area. in the 1nput image.
| Also in the- double den51ty 1mages-shown in FIG. 34
l‘through FIG 42 generated by the image processing apparatus,
the amount Qf motion biur is_as-half as the amount of.motien
'blur'in-thelinput iﬁage. | |
Referring to a flow diagrameillustrated in FIG. 43, a
process ef time resolutioa of the imagetprocessing apparatus
of the present_i%yentioh for generating'an image having a
double'density in the direction of time is discussed below.

In step S11, the image processing-apparatus acguires an




the correlation value with a corresponding pixel. in.a prior frame, and
feeds the. calculated correlation value to the half-side pixel va o
generator 105. In step. S13, the hal f-side pixel value gen§$quTm?é@ﬁs-
.generates a half-side pixel value of the double-density image fromthe',

pi xel value having a higher correlation. value, based on the correlation
val ue supplied.fromthe correlation :calculator 103 and-the correl ation
val ue supplied fromthe correlatton(ﬁflculator 104. The hal f-si de pixel
-val ue generator 105 supplies the hal f>side pi xel value generator 106 with

t he generated pi xel value. For exanple, the half-side pixel value generator
105 generates .a pixel value of a frame having a doubl e-density inmage .
arr angednpthitaipagit i onhequadhyrepasedss nisi FeoFeQM ANeL0f LR Subsequent
frame and the prior frame having the higher correlation and a target
frame. BeSepyedbeér aRA0THED £ rlames remoSh4,1 dhe dred frsidler Pixel vy ak peme |
generator 106 .generates the other pixel value of the double--density inmage
t hr oughEepk dalewvkdt foameakisngeilinto the chatatheiiost cascafiathe sensor,
based on the pixel value of the target pixel and the hal f-side pixel value
of the @bubhe-denskigtinmgealedlétom 10é.hal f-side pixel value generator
105. For exanple the half-side pixel value generator 106 generates a pixel
val ue of a fiarEteRVENY dpurerelaisiay ¢abgel aroanyed-atlculates '

r‘the correlation value with a correépohding pixei in a
.Subseqﬁent frame, and thelcalcUIafed correlation value is
then fed to the hélf—side pixel value dgenerator 105. The.
-gorrela;§on calpUlator 104 calcﬁlatés the’co:felatibn ﬁalue
:with.éﬁcofrespoﬁding pixel in a prior frame, and.feeds thé

: éalculdtéd'correlétion value fo'the half-side pixgl value
generator. 105. | | |

In step Sl3,‘the'half—sidé ﬁiXel_vélﬁe generator 105

!gépe;ﬁﬁéé'a ha@ﬁésidé.pixei~valﬁeléf'thé dQﬁble—density—-

o

' imége‘ﬁrom the%Piie; value haﬁingré,higher Correlation,valﬁe;
~ based on the'coéfelétion value supplied.from the—correlation
';CalCu;dtor 103‘and-thercorrelation value suﬁplied frém‘the

correlgtion calculator_loé. The half*side,pixel'valﬁe
'lgénérator 105 supplies the:half—side‘pixel value geﬂeratbr.
'l106 with thérgenefated pi#el,value;

For example,.thé”halfhside pixel value generator 105
.generates a pixel value Qf a frame having a double-density
image arranged é%-a position equally spaced in-time frém one
of the subsequent frame and the.prior ffamé‘haﬁing tﬁe

higher correlation and a target frame;




a position equally.spaced in tinme fromone the subsequent frame and the
prior frame having the higher correlation -and a target ' fi@ mb&@o&% )
515, the hal f-side pixel value generator 105 and the half--s e pi xel val ue
generator 106 output the double-density i'mage fornmed of the generated

pi xel values it and the- process,, ends . In this way, the inmage
procesSing apparatus generates and outputs' the inmage having a double
density in the direction of tine. SpeC|f|caIIy, the correlation cal cul at or
103 ‘and the correlation cal cul ator” 104 respectlvely cal culate

correl ations between data of a. target pixel in a target frame and data of
pi xel s, corresponding to the target pixel, in a first frame-.. and a second

frame adjacent &oephsisarges ﬁ£§5351§@5§ﬂxéhev§lﬁ§|g@ﬁ&@aQBrOTQG of the
corresponding pixels in the first frane and the second frane, detected by

6 Sept egberr2085 thidlothbe pakeel ekiloe eal evbatioipl@3denstihe gahhel ation
calcul ator 104, having a large correlation, the hal f-side pixel value
gener at bhré0ghantet helhal&étsbdetpikieal vatuetgeneha&@btbQQstg%@ebgte first
"~ pixel data in a first synthesis frane generated between the target franme
and onetb& shwséirsbaaad secohd bmaaﬁsva@nbabﬁ|ngethargetr@aaemdaﬂg plxel
'haV|ng the. pixel data frame data
the half- Slde plxel value of the double dens1ty ‘image fed
.‘from the half- side pixel value generator 105.

For example “the half side plxel value generator 106
~'generates a plxel value of a frame hav1ng a double- densaty
.imagerarranged-at a position'eqUally‘spaced in time'from one
_of the subsequent frame and the prlor trame hav1ng the

hlgher correlatlon and a target frame

'In step 815 the half 51de plxel value generator 105

and the half ~-side plxel value generator 106 output the
double densrtyﬂlmage formed of the generated plxel values
‘and thelprocesg ends |

In thlS way, the image processing. apparatus generates

-and outputs the image having a double density in the
'd'direction of time.

épeeifibally, the correlation calculator 1O3Iand:tne
'cOrrelatiQn caleulator 104 respeCtively ealculate
‘correlationsfbetween'data ef a target pixel'ln-a target
“frame and data‘of pixels;'Correspondingto the target‘pixel,

in a first'frame%and a seeond frame adjacent to the target
frame; Based‘the pixel datelof one of the eorresponding

7pixels in the first frame and the second frame, detected by




mnth the large correlatlon in a second synthe5|s frane target frame

based on the inage having and the and generate second geg8L@bmALL: 2005

bet ween. t he other of the first and second franes, target pi xel -data_ and the
first plxel data. a thus generated doublenden5|ty in-the direction of tine
I's, and output.. The half-side pixel .value generator 105 and the half-

‘side pixel'value generator 106 generate the first synthesis franme equally

spaced. in time fromthe first frame;and the .target frame, and the second.

synthesis franme equally spaced in tine frontthe second frane and the

target-frame. Referring to a flom1d|agran1|IIustrated in FIG 44, .a

process of time resolution of the inmage processing apparatus of the present
|nvent|%ﬁﬁf%ﬁriﬁ%ﬂ#%ﬁﬁrﬁF%ﬁPl@@@@ Haviawg eheloubreclenstrycihoehetelirect i on
of time is dlscussed below. In step S31, the inmage processing apparatus .
acqui re% 4n R MaidEa et Etionme e, halfeshdquptedlivabesis stored
in the frame nmenory 101 and the frane menory 102. and is del ayed by frame.
Each deiSHec Fand'] STede ot He -G Septieiniet Bo08onerator 106 A

generate first plxel data 'in a flrst synthe51s frame
'generated between the target frame and one of the flrst-and.
second frames contalnlng the correspondlng plxel hav1ng the -
.-plxel data w1th-the large correlatlon and generate second
' .frame data in a second synthe51s frame generated between the
_target frame and the other of the flrst and second frames
‘based on the target plxet data and the.flrst-plxel data. An
image having'aldouble densfty in'the direction'of.time is
.thus generated and output | |
The half- 51de plxel value generator 105 and the half—
51de plxel value generator 106 generate the flrst synthe51s
frame equallylspaced in tlme from the flrst frame and the
.target frame, and the spcond synthesls frame equally spaced
-in'time from the secondtframerand the target:frame
Referrlng to a flow dlagram lllustrated in FIG _44,'a
process of time” resolutlon of the 1mage proce351ng apoaratus
_of ‘the present 1nventlon for generatlng an 1mage hav1ng a
double den51ty 1n the direction of tlme is dlscussed below.
| In step 831 the image proce551ng apparatus acqulres an
1mage having a shutter time 2ts. The acquired image 1s

.stored_ln the frame_memory 101 and'the_frame memory 102.

-and is delayed by frame. Each delayed frame is fedtto the ..




correlation calculator 103 or the correl ation cal cul ator 104, In step 532,
the correlation cal culator 103 calculates the absol ute va%u% 2 2005 '
difference in pixel value between 'a pixel in a target frane ang
correspondi ng pixel in a subsequent frame, and feeds the absolute val ue
of the difference of the plxel val ues to the hal f-side pixel value
generator 105. The .correTation. cal cul ator 104. calcul ates the absolute
val ue of a difference in plxel value.bftmeen the pixel in the target frane:
and' a corresponding pixel in"a prior; frame, and,. feeds the absolute
value of the difference of the pixel values to the hal f - si de pi xel val ue
generator . 105. .The correlation calculator 103 or. the correlation
calcula@@rreleﬂlnaycaéw@maumnnmxbkﬁhdﬂub&hﬂ&&matmbﬂl%@lculaﬁbﬂe§o4”35 a
‘correlation. In step S33, the-half-side pixel. value generator 105. sets
the pi-xel valuestrvi®d2a shal¢errabsbiuneeaabUEaaera1Obabéiaudgt@sxe
val ue-in the double-density inmage, based on the absolute val ue of the
di ff er ebt® ®Psehetpi xalugablies dififpkirade finomitke earmuel akitamegakcul at or -
103 and the_ _absol ute value of the ‘difference of the pixel values .
suppl i ST ¥Fbntehd EdFEetafremecanrdurarorreeponspegi pisalll yin at he hal f - si de
pi xel val ue generator 105 copies the pixel value of.one of. the
corresp%mﬁﬁ% PPk efEamg, tﬁ%dsﬁﬁgéﬁuEh? abpakBtandalhe pLi theframe with
respect,{ the target franme 6. Sept enber 2005 - 73 detected by the :
correlatt %%ﬁ%%lgfth§0%16?lth%lu%%rF@l5P?ohae§t§uﬂatEFXs®4vauhechever

has a'|§gé§¥ator 105. The correlatlon calculator 104 calculateS'
the absolute value of a drfferenCe in plxel value between
the plxel in- the target frame and a correspondlng plxel 1n a
':prlor frame and feeds the absolute value of the dlfference
of the plxel values to the half 31de plxel value generator
i05.

The correlatlon calculator 103 or-the correlatlon
calculator 104\may detect a dlfference between the plxel
rvalues A8 a eo%relatlon |

v :
7 In step 833 the. half- srde plxel value generator 105

"sets the plxel value hav1ng a smaller absolute value as a

half-side plxel value in the double den81ty 1mage, based on‘

.the absolute value of the dlfference of the plxel values
'ssupplled from the correlatlon ‘calculator 103 and the.

absolute value of the dlfference of the plxel values

supplled from the correlatlon calculator 104 Spe01f1cally,

‘the -half- srde plxel value generator 105 coples the plxel

'value of one of the correspondlng plxels in the subsequent

‘frame and the prlor frame w1th respect to the target frame




correlation, as a pixel value in the synthesis franme generated between the
t ar get frame and the one of the 'subsequent frame and the BldeflembéraiBs havi ng
the pixel value .having the larger correlation. The hal f-side pixel value.
generator 105 feeds the hal f side pixel. value generator 106 with a ‘
doubl e-density inmage with the pixel value having the smaller absolute value
of difference. In step S34, the hal f-side" pixel value generator 106.
generates the other pixel. value of the doubl e-density inmage through the
cal cul ation taking into consideratiorthe characteristics of the CCD based
on.the pixel value of the - 15. target frame', and the doubl e-density imge
with the pixel value having the smaller absolute val ue of difference fed
from t helchaldftesi e phrebovakblatgeneratenl1i®sr kOB exampke, the hal f-side
pi-xel. val ue generator. 106 calculates the other pixel value of the. '
doubl e- @emseﬂetumageabyusabbra&ﬂnngwhhehpweelhualuelatgehe pi xel in the
doubl e density image. with the pixel value having the snaller absol ute

val ue. ebrdefledienceabr anpaxedl velequah tbe bynhtéethie fpiaxel val ue of the
pixel in the target franme. In step S35, the hal f-side pixel value generator
105 andg?ﬁéraﬁaﬁfbstﬁeeplkbﬁ varget §eaweavod tbe ouepof the 6 Septenber
2005 74 -doubl e-density i mage having the.. generated. pixel value-and having
t he shuftbFegrgeti §rang &ne EF@CE@EOEn§§amPnhthn§ ﬁh? pehel vhahe- si de '

-_plxel vglue enerator 105

aving the larger correlatlon
The;half—srde plxelrvalue generator:los feeds the half-
=_side.pixel'value generatorZIOG with;a-douole¥density;image
with theﬁpikel-value;haviugrtue‘smaller absolute'valueiof
differencee 7 | | | |
Iu-step 834 the half*SLde plxel value generator 106
generates the other plxel value of the double- den31ty 1mage
through the‘calculatlon taklng 1nto-con51deratlon—the‘,_ |
‘lcharaoterlstlcs of the CCD based on the plxel value of.the-
__target_frame and the double densrty image w1th the plxel
- value having the smaller absolute value of dlfference fed
' from the half+51de pixel value generator 105
For example the half side plxel value generator 106
-calculates the other plxel value of the double densrty image
"by‘subtraotlng the-plxel value of_the prxel 1nqthe'double~
density image with thelpikel value'haviug—the smaller |
.-absolute value of dlfference from a value equal to twice the
pixel value of the pixel in the target frame
| In step $35, the half- srde plxel value generator le

and the half 81de plxel value generator 106 output ‘the




copies the plxel dat a of t he one of the correspondlng pixels in the first.
and second frames detected by the correlation calculator %ﬁ &xEB&S
correl ation cal cul ator 104, whichever has a '.larger corre %tlon,, as- the
first pixel data in the - first synthesis frane generated bet ween t he target

frame and the one.of the.first and second frames having the corresponding -

dat a having the larger correl.ation. The hal f-side pixel value generator 106
cal cul ates. the. second pi xel data by pbtractlng the first pi xel data from
a value equal to twice the target- plxe data. One of ‘the~ correlation

cal cul ator 1.03-and the correlation 'calculator 104 detects the difference
of the pixel data as the correlation. In accordance with the present

i nvent i pubilredenagey pmeges biang ngp(rhraiges cat ticke pite@ge Ma lit eifd on
generates the double-density. inmage having the shutter time'ts fromthe

i mage  hB#VAGIt hBeshbuterr tilme 2ss aadd thet pubsetise egiaishl e density i mage.-

t he. above dlscu55|on t he i nage processing apparatus of this invention’
‘generates an ?nﬁﬁkﬁt%@Yngt%ﬁdb@bfeseéﬁsptyellwalhe denecticon obStinme. By.
repeati the above, process, 4-fold, 8-fold, and 16-fold density inages

may be agﬁé?at EHe Pysel THatApQEmERE 6Ret RE SBReEProEsPhachiogeghiaend i s from"

left to, rlgg ¢ but the direction of the movenment- of the foreground object
i s not Fi'nmrE8d tBSEn?nﬁa??FeﬁﬁaframﬁécFPGHCtTHeb§eﬁ@@rCp§rﬁéﬁtﬂpﬁlted t he

CCD. .Th nso ny, sol i d-state i nmage pickup device, such as CNCS
(Cbnple%%%%a?y£ﬂ@tg?? ?§e¥%ﬁnt8558 g% F%ﬁ pl§§ﬂ20904a whichever ¢

has a larger correlatlon as the flrst plxel data in the
'flrst synthe51s frame generated between the target frame and
the one cf the flrst and - second frames havrng the
'correspondlng data hav1ng the 1arger correlatlon
The half~31de plxel value generator 106 calculates the
r‘second plxel data by subtractlng the flrst plxel data from a
value equal to tw;ce the target plxel data
One of the correlatlon calculator 103 and the
'correlaxlon calculator 104 detects the dlfference of the
‘pixel data as the correlatlon |
o In accordance w1th the present'lhvehtion the image
prccessrng apparatus of the. present 1nvent10n generates the
double densaty image hav1ng the shutter tlme ts from the
lmage havrng the shutter time 2ts and outputs the double—l
den51ty 1mage |
| In the_aboverdisCUSSion, the_lhage processing apparatus
of this'inventio%;generates ah image having'a double-denslty,
. in the directioh-of time. By repeatlng the above process,

4-fold, 8-fold, and 16- fold den51ty lmages may be generated '




BBD ‘(Bucket.. Bridge Device), a CID (Char ge Inj ection DeV| ce) or a CPD
(Charge Pri i ng Device) The sensor is not linted to a sepsefedliohys - -
includes a matrix of detector elenents, and may be a sensor in which a |ine
of detector elements is -arranged. The storage nmediumstoring a pr ogramfor
perform ng the signal processing of the present invention includes a K
package nedi um~whi ch is distributed to suppl y the user. with a software
program separate froma conputer, as.shown-in FI.G 1. The package nmedi um
may be a magnetic disk 51 (such ‘as a~flexible-disk), an optical disk 52
(such as a CD-ROM (Conpact-Di sk Read-Only Menory); DVD'(Di gital Versatile
Di sk)), a magnetooptical disk 53 (such as MD'(Mni Disk).(Tradenane)), a.
sem conduct dtherempramddt dhetlst ortagest neditin af segnelndiess af REM 22 whi ch
stores a programand.is supplied in a conputer to the user or a hard disk’
cont ai nédfti hot hegktorhyge tlhﬁtdQBeCtld'ﬂneopr’e]sermovementloﬁ thacl udes .a
process i-n which steps describing a programstored in the storage nmedium
are - 76°rsgyeendi abl gcpeiformidliini tede tor day Gestriichdar ahideatprocess 'in
which steps are perforned in parallel or separately rather than being .
sequenti al 1 yTT}fErff%‘r% 19 s thiml tesh ghiec 4840 | t fhEheepsesemayi beention
results in an_jmage having a high density in.the direction of tlne and a
naturala?%o%?hbdn%??hﬁ Hrege pickup dev;ce -such as CMOS

(Complementary Metal Oxide Semlconductor) 1mage sensor, a
BBD A{Bucket. Brldge Device), a CID (Charge Injectlon DeV1ce)
'or a CPD (Charge Prlmlng hev1ce) The sensor is not llmlted
to a sensor whlch 1ncludes a matrix of detector elements
'and may be a sensor in which a llne of detector elements 1s-:
,arranged. | S
‘The storage medlum storlng a program for performlng the
signal processrng of the present 1nventlon 1ncludes a .
package medlumpwhlch is dlstrlbuted o supply the user w1th
‘a software_pro%ram, separate from a. computer, as shownrln '
FIG. 1. The paékage_rﬁeaium may be a maglnetic disk 51 (_such
':as a flexibiemdiSk); an'optical.disk-SZ (such as a CD-ROM
(COmpact—Disk Readeonly‘Memory) DVD (Dlgltal Versatlle :
ﬁisk)i, a magnetooptical disk 53 (such as MD (Mlnr— |
Disk)(Tradename)), a‘semiconductor‘memory 54. The storage -
medium also includesga ROM 22 whichrstores a program andris.
‘supplied in‘a computer to the,user‘Or a hard disk contained
“in the(storage u%it'ZB; |
The present-inventionjincludes'a‘process in which‘steps

~describing a program stored in the Storage medium are




6 Septenber 2005 - .77 . CLAIMS 1. An inage processing apparatus for
processing at ~ image forned of pixel -data. of franes, oé)ts té'}%izr?fyosa
sensor - .including detector elenents, each having a tine |ntegrat|on
effect, conprising: correlation-detector means for detecting a correl ation
. between pixel data of a target pixel in a target frame from anong frames
and pi-xel data of a corresponding pixel in a first frame adjacent to the
target frame, and a correlation bet n the pixel data of the target pixe
in the target frame and Pixel data “of "a ‘correspondi ng pixel in a second
frame adjacent to the-target 'frame, and pixel - data generator neans for
generating pixel data af a first~pixel a first synthesis frane generated
bet weensequeheiaaigepetfamedntnonkeobribe Hekst idrd Seeenad for@dRE
containing the correspondi ng pi xel having the pixel data with a I ar ger
correl ainowhiphsetepa &he pexébruetaiof perelaklt be- cepaespengi ng pixels in’
the - first and second franes having the |arger correl ation detected by the
correla%?éheﬁeth@@obeheqneeqaﬁdti@llgeperabrmgdpler data of a second" :
.pixel in a second synthesis frame generated between the. - -target frane and .
the other of the first and second frames, based on the plxel data of the

target Plxel and. t he flxel data of the flrst pi xel, 6'Septenber 2005
dustrial App cablllty 7 _ ‘ o -

The present lnventlon results in an 1mage hav1ng a hlgh ‘
den51ty in the. dlrectlon of tlme and a natural looklng

\

motlon bilur.




- 78 2. An inmage processing apparatus accordlng to cIa|n11 wherein the

pi xel data generator rreans copies the. pixel' data of thegag eﬁga@ﬁgg
corresponding pixels in the first and second franes having the | arger -
correlation detected by the correl ation detector neans as the pixel data of
the first pixel in the first synthesis franme generated between the. target
~frame and the one of the first and second frames containing the : '
correspondi ng pixel having the pixel -data wth the |arger correlation. An
i-mage processing-apparatus according to claimlIf wherein the pixel data
generator means generates the first ..synthesis frane at a position-equally.
spaced in time from the first frame, and the target frame, and the second -
synthesis frame at a position equaldipI¥saced in tine from the second frame
and the target frame. 4. An inmage processing apparatus according to claim
1, wherein the pixel data generator nmeans cal cul ates the pixel data of the
second pi xel by subtracting the value of the pixel data of the first -
pixel. froma v&l%é"@é&?alprwets\ﬂl@éf apipe rgdiuge fofr e gsisséinadara of the
target pixel, 5 An image processing apparatus according to claiml, 6

Sept enbeP2gB0E°IMeq Ofineidfh BABA| g@rﬁ@eﬁro@EEQéﬁeﬁhPEhal§e@%@alned by

t he 'sensoi aaV|ng &Eurallt of detector elenents arranged in- at |east.
one di r LRI BATRY ARteREYE of BYET ng®apPaiat teJ ak cbHBf ng %96?5}%¥1 |

wher ei n EPec£naggm£§l rqgessed whi ch is obtained by the

correlatlon detector. means for detectlng a correlatlon '
'between plxel data of a target blxel 1n a target.frame from’
L among frames and Ppizxel data of a correspondlng plxel 1n a
-flrst frame adjacent to the target frame and a correlatlon
between the plxel data of the target plxel in the target
'_f.frame and plxel data of a correspondlng pixel ln a second
frame adjacentrto the target frame, and |
ﬁikel daty geaerator means fer:generating pixelidata‘ef
.arfiret,prxei iﬁ a first‘synthesie frame geﬁerated-betweeni
the target fraeenand‘ene»or'the first‘and second frames
'containihg the corresponding pixel having the pixel data
with a larger-correlation based'on‘tﬁe'pixel data.of enerof
the correspondlng plxels in . the flrst and second frames
: hav1ng the larger correlatlon detected by the correlatlon
tdetector means, and for.generatlng pixel data of a second-
-pixel in a second synthesie'frame generated between the .
target framefand*the other of the first and second_frames, o
based on the pixel data of the target prxel.and-the erel

data of the first pixel.




franes,

sensor. having a plurality of -detector elements arranged ina matrix form
7. An inmge processing apparatus according to claim 1, vlaehieihnberbés
correl ati on detector neans detects a difference of the pixel data as the .
correlation. 8. An.image processing met hod of an i-mage proceSS|ng
apparatus for processing an inmage formed of pixel data of - .frames,
obt ai ned by a sensor .including detector elenents, each haV|ngraﬁ. tinme
integration effect, conprising: a Qprpration detection step for detecting

“a correlation between pixel data of a target pixel in a target frame from-

anmong -frames and pixel data of a corresponding pixel in-a first frane

adj acent to the target frane, and a correlation between the pixel data of
t he target pixel in the target frame and pixel data of a corresponding

pi xel in a second frame adjacent to the target frame, and a pixel data .
generation. 4t eprf dmagisn@radasg ipiox elprdated @ Septeenberg 2005 180imwf1 a first
pi xel -in a first synthesis frame generated between the target frame and
one of WH@I?FPthanEléééoﬁat@rgﬁﬁgrat@ntmﬁﬁnﬁgcoheesccheespaadldgtplxel
havi ng t he pi xel data with a larger correlation, based on the pixel data’
of ~one. °bf ! gﬁe°€6r?§sb%ﬁdFﬁﬁreﬁP&@ %HGnP%hél$|F@tthﬁdfséé@ndndfranes ' -
havi ng. t he | correlation detected in-the correlation detection step,
and - forsagﬂﬁga?Fﬁ@eﬁlQ%Vlﬂ%tEh%fl%F%%EoﬁﬂrEF%%FlPﬁ deseebrd Bynthesis franme

gener at ed be% he 't 9et frame -and the other of the first and second :
EBueElE BN e e Fro B Brah O1 e hhe oo RSER. aRdobRetixst |

plxel in. the flrst synthe51s frame generated between ‘the
target frame and the one of the first and second frames
"'contalnlng ‘the correspondlng plxel hav1ng the plxel data

with the larger correlatlon

-37' An 1mage processmng apparatus accordlng to clalm 1,
-whereln the plxel data generator means generates the flrst
uSynthESlS frame at a pOSltlon equally spaced in tlme from
the first fram%hahd the target frame, and the second
synthesiS'frameiat'a position equally‘spaced-ia.time“from'

~the secehd frame and the target frame.

4. An iﬁage processihg'apparatus accerding to claim'i,'
.;wherein the pixel'data generatdrnmeans calculates the-bixel
'data of the.seCdnd pixeldby sdhtracting the value of the
| pixel data of the first pixel from.a.value equal tdttwice

‘the value of the pixel data of the target pixel.

5.-,An_image'processing_apparatus‘according to cldim 1,




pi xel ‘data of the first pixel. 9. An inmage processing nethod according to
claims8,. wherein the pi-el data generation step copies ghgyRinglogat a
14.- of the-one of he corresponding. pixels in the first and second franes
having the: | arger. correlation detected in the correlation detection. step
as the pixel data of the first pixel in the first synthesis frane
generated between the target frame and the one of the first and second
frames: .containing the corresponding j xel having . the. pixel data .with

. the larger correlation. 10. An inmmge' processing nmethod.' according-to

claim8, wherein the pixel data generation step generates the.first
synthesis frame at a-position equally spaced in time from 6 Septenber 2005
t he fir¥berpanethadimpect asgerofeaned ahdchhéssebgadnesybivhébis frane at a
position equally spaced in tine from the second frame and ‘the target
frame. PERSAR DANGBIpROPEESRAS tNePRodcieEsPdi RGemenEapmr8ngatieini n t he
pi xel . data generation step calculates the pixel data of the second pixel
by subtFﬁc&ﬁ%ﬁttﬁ@engE§CGF°9he, pi xel data of the first pixel. froma
val ué equal to twice the value.of the pixel data of the target pixel. 5t,
12-." An i mage processing nmethod according to claim8, wherein the inage,
i S processed_which.. is obtained by the sensor haka a plurality of

S .

det ect or, el%he%¥1;§F¥§%§§§9ﬁ§Sl 9 |19PRGE S HTEH clagm ge

prQcésskﬂgrgEﬁhQHeaiﬁgggiEQ'%%&EE%LQ& which is ébtained by the

- sensor having a plurality of'déteCtor elements.arranged in a

. matrix form.
7. An image processing apparatus according to claim. 1,
wherein the correlation detector_means_deteéts a difference
of the pixel data as the'correlatioh.

8. An imige“proceSSing'methqd'of an image prdceésing

. : : . :
apparatus for processing an image formed of pixel data of

_framéé,_obtéineé by a'sénscf including defector'elements;
-eééh‘having a_time-intéération effect,-compriSing:

_arCorrelation-deteéti¢n-step for detectiﬁg‘é.
‘correlation betﬁeen pixei data‘df a.target pi%él in a farget
 fiame.from among f;ames and'pi2él data of a corresponding
‘pixel in a first frameradjaéent to the taréet fiéme, and a
-correlation between fhe piﬁel data of thejtatgeé pixel in
the targét frameﬁand piﬁel‘daté of a;o;respondingpixel iﬁ
.é second frémé adjacent torﬁhé‘ﬁafget frame, and

- a pixei data genérationzsﬁep for generating pixel data




wherein the image i s processed which is obtained by the .sensor having ar-
plurality of detector elenents arranged in a matrix forn1 %étmnég :
processing method according to claim8, wherein the corre %lon ectlon
step detects a difference of the pixel, data as the correlation. 15. A -
storage nmedium storing an inage processing, 6 Septenber 2005 - 82 conputer
r eadabl e progran1for processing an i mage fornmed of pixel data of franes,
obt ai ned by a sensor including detect _elenents each having atine .
integration effect, the program conprising: a correlatlon detection step
for detecting a correration bet ween pixel data of a target pixel in a _
target frame fromanmong frames. and pixel-data of a corresponding pixel in
a firstofranéiadirapérelt ant he fiasgebyhtase i sandameCobhelakiean between. the
pi xel data of the target pixel in ,t, the target frame and pixel data of a
cor r espbativrgnptkel thmgatsécend. aﬁdaﬁﬁeadfatﬁ@tf&@sthanﬁahgébnﬁra”E and a
pi xel data generation step for generating pixel data of a first pixel ina -
first- sﬁﬁ?ﬁeslsOhtamelngenbeatedrbapmaémnghplkangﬁbvﬁh@nEhanglg@e of the
first and second 14, frames containng the correspondi ng. pixel having the.
pi xel  #ata wath ﬂniﬁraeraﬁgéret@tlenatb@aed baseteopikhe gaxal odata of -

one of the corresponding pixels in the first and second
S one of the correspondlng plxels in the first and second

frames hav1ng the larger correlatlon detected in the -
correlatlon detectlon step, and for generatlng plxel data of
a second plxel in a second synthesis frame generated between
ﬁ the target frame and the other of the flrst and second
.frames based on the plxel data of the target plxel and the

plxel data of the flrst plxel

9. an lmage processing methodraccordingrto claiﬁ 8,
whereln the plgel data generatlon step coples the. plxel data
of the.one of %he correspondlng pixels 1n the first and

‘Hsecond-frames hav1ng the larger correlatlon detected in. the
1correlatlon detectlon step as the pixel data of the flrst
pixel in the flrst synthe51s frame generated between the

: target frame and the one of the flrst and second frames-

contalnlng the correspondrng_plxel hav1ng the_pixel'data,

with the larger correlation.

10. An imagefprocessing methodzaccording to claim 8,
whereln the . plxel data generatlon step generates the flrst

synthes1s frame at a position equally spaced in time from




frames having the larger correlation detected. in the correlation
detection step, and for generating pixel data of a seconglsitfber bfbsd .
second synthesis frame generated between the target frane and the other of
the first-and second franes,. based on the pixel data of the target pixel
and the pixel data of the first pixel.. 16. A storage. nedium according
to claim15, wherein 6 Septenber 2005 - 83 the pixel data generation step
copies the pixel data of the one of %qe_porresponding-pixels in the first
and second franes having. the larger correl ation-detected in-the :
correl ation detection step as the pixel data of the first pixel in the
first synthesis frame generated between the target frane and the one of the
first apdesétosd framesasdnthentaggéhefesmneespoddihg pexehdhavi ng the pi xel
data wth the larger-correlation. 17. A storage nedi um according to claim
15, whesenhhehis pirahe dat aa geoei bidonnegteplygspecatesnt héméi fsdmsynt hesi s
frame at a position equally spaced in time fromthe first frame and the

“target fhrangecemd fhemgezpRdtBynthegeét frame. at a position. equally spaced

intime fromthe second frame -ti 4 i and the target. frame. 18. A storage
medi um according to claim 15, wherein <the pixel data generation step
cal cul ates the pixel data of the:second_ pixel by subtracting the value of

the pixel ddtly An 1mage-proce§sing method according to claim 8§,
‘wherein the pixel déta generation step calculates‘thé,pixel 
data of the seéénd'pixel-py subtracting the value of the

pixel data of the first pixel from a #alue equal to twice

the valqg of the pixel data of the farget pixel. .

12. An image‘processing méthod:acéo#ding to claim”8,
thereiﬁ the‘imaéefis précéssed which,iérobtaihed by'tﬁe,
_‘sehsdr havingra p;urglity_of detectér‘eiéménts:érranged,in
.at_igast oné-@@rec#iqn. | |

: - i

13. An imége proceSsing'method according to claim 8,
'wherein_the:imagéfis processed Which'ié obtained by tﬁe
:sensor having;g pluralify of detéctor'elements arrénged in a

matrix form.
'14.‘ An_image processing method 'according to claim 8,
‘'wherein the correlation detection step detects a difference

- of the pixel datgy as thé‘corrélation,

15. A stdrage medium storing an image processing,




of the first-pixel fron1a valueequal to twice the value of the pixe

~dat aof the target plxel . 19. A storage medi um accor di ng B%e&kﬁb&? :
wherein the image is processed which is obtained by the sensor aving a

- plurality of detector elenents arranged in at |east 6 Septenber. 2005 - 84
‘one direction. 20. A st orage nmedi.um according to claim15, wherein. the
imge is processed which is obtained by the sensor having a plurality of
detector elenents arranged in a natni? form21. A storage nmedi um accordi ng
to claim15, wherein the correlatlon etection step detects a difference of
the pixel data as the correl ation: A programi to be executed on a
conputer controlling an i nage proceSS|ng apparatus for processing an inage
formed obmpiixekr datdablef pavgsam Gbrapredebyiagsansmalyeclrudingd of; -

detector- elements. its, each having atime integration, effect, the

progranpéeﬁbrdstagofafcemeelabbmaideﬂebyianseneprfehcdeﬂea@ing a
correlation between pixel data of a target pixel in a target frane from
anong ffakestandepenentdat aach havdngespohdengntphxekibn afferst frane
adj acent_to the target frame, and a correlation between the pixel data :of
t he tarBB? EFQ@FamncompthélﬂaFget frane, and pixel data of a correspondlng

pi xel in a second frane adjacent to the target frane, and
_ a correlatlon etectlon ‘step for detectlng a

'correlatlon between plxel data of a target plxel in a target
r'frame from among frames and pixel data of a correspondlng

' plxel in a flrst frame adjacent to the target frame, ~and a
“correlatron between the plxel data of the target plxel in
Athe target frame and plxel data of a correspondlng pixel in
‘a second frame adjacent to the target frame, andg,‘

| a plxel data generatlon step for generatlng plxel data

.of a flrst plxel in a flrst synthesls frame generated
between the tamget frame and one of the first and second
rframesocontalding the correspondlng plxel havang the plxel
data w1th a larger correlation, based on the plxel data of
‘one of the correspondlng pixels in the first and second

- frames hav1ng-the larger correlatlon detected in the
:correlatlon detectlon step, and for generatlng pixel data of
a second plxel in a second synthe31s frame generated between
the target frame and the other of the flrst and second

. frames based on the plxel data of the target plxel and the

pixel data of the first plxel,.

16. A storage medium according to claim715,,wherein




first synthesi's frame generated 6 Septenber 2005 - 85 begg@&gmggeo&arget
frame and one of the first and second franes contalnlng the correspondi ng
pi xel having the pixel data with a larger correl ation, based on the pixe
data of one of the corresponding pixels in the first. and second franes
havi ng the |l arger correlation detected in the 'correlation detection step,
and for generating pixel data of a.g econd pixel in a second synthesis
frame generated between the target fr-ame. and the other -of the first and
second frames, based on the pixel data of the target pixel and the pixel
data of the flrst pi xel . 23. '-A program according to claim22, data :
gener at tha pieplcapiesgencrespondisngppispies tRet pexwhengin therpixel the
pi xel data of the one of the first and second franes havi.ng the | arger
correl abhenof" shepcasreéhpopilxal fdakaldeiactrd Ehrtheaaar sekahiion detection
of. the first pixel in the first. synthesis frane generated between the.
target framesahdviheg the dérghe Ebrselandosedendctedmes ebat ai hi ng the

correspondlng pi xel having the' pixel data with the |arger
' 7 correlatlon detectlon step as the plxel data of the flrst

; a pixel data generation step for generatlng plxel data a first plxel in a
|
|

- pixel 1n‘the flrst_synthes;s framelgenerated between the
'targettframe.and the onetof'the‘first and second frames
-containing the corresponding pixel having the pixel data‘

b

‘“twith'the larger correlation.

‘17. A storage medlum accordlng to clalm 15, wherein

:the plxel data generatlon step generates the flrst syntheSls
frame at a p051t10n equally spaced in tlme from the flrst
'frame and the target frame, and the second synthe51s frame
g Vat a pOSlthD Equally spaced 1n tlme from the second framel

h
and,theatargetdrrame.

'18. A storage'mediuﬁfaccording to claim 15, whereln
the plxel data generatlon step calculates the pixel data. of
the second plxel by subtractlng the value of the plxel data
of the flrSt plxel from a value equal to tw;ce the value of

the-plxel_data'of the target pixel.

19." A storage medium according to claim 15, wherein
the image is processed'which‘is obtained by thersensor

-having a'plnrality of detector elements arrandged in at least



correlation. 24.. A program according to. claim22, wherein. the pixel data
generation step. generates the first synthesis frane at- @SQ&%hEﬁQﬂo§qua||y -
spaced in time fromthe first frame and -the target frame, and the second
synthesis frame 'at a 6 Septenber 2005 86 position equally spaced in tine
fromthe second frane and the target frame. 25. A program according to
claim?22, wherein the pixel .data generation step cal cul ates the pixel
data of the second . pi xel by subtrac 4ng t he val ue-of the pixel. data of
the first pixel froma val ue equal totwi ce the value of the pixel data. of
"the target pixel. 26. A program according to claim 22, wherei n the i mage
is processed which is obtained by the sensor having a plurality of
detectonneiaﬂeetilahranged in at least one' direction. 27. A program
according to clai'm 22, wherein the image is processed which is obtained by
the sensor having a plurality of detector ‘el enents arranged in a matrix -
form 28. A program according to claim22, wherein the correlation
det ecti on st2p. deX eIﬁcs:a;ajmiécEnmn(ae:crﬁrdzt’rﬁg pixetizimlat®m asmdheircorrel ation.
29. An imagV. pickup device conprising i mage pickup means for outputting,
as -pi.xeFhgatimagk fisappeceanedbjbith fisngbtpiicked byp thy aenkoRge pi ckup unit.
haV|ng a - 87 -predeterm ned. nunber of pixels, each haV|ng atine

hav1ng a plurallty of detector elements arranged in a matrix
'aform.
2. & Storage'medium acCording-to claim 15, wherein
the correlatlon detectlon step detects a dlfference of the

pixel data as the correlatlon

22;[ A program té be:exeeﬁted on:a coﬁpﬁter'controlliﬁg
- an 1mage proce351ng apparatus for prOCESSlng an 1mage formed
of plxel data bf frames, obtalned by a sensor 1ncludlng
_detector'eiemeits, each hav1ng a time lntegration;effect,
“the prograﬁrcemﬁrising: | | |
a eerrelatien detection ateﬁ'fOr detecting a
cbrreiation BetﬁeenrpiXel data of a target pixel'in a target'
‘frame from among frames and plxel data of a correspondlng
_plxel 1n a first frame adjacent to the target frame and a
co:relatlon betweenrthe pixel data of the target pixel in |
. the tatget frame and pixel data.of,atcorresponding pixel in
- a secand frame‘a%jaeent to the target~frame and. .

a plxel data’ generatlon step for generatlng plxel data

_of a flrst plxel in.a flrst synthe51s frame generated




integration effect, correlation detector nmeans for. detecting a correlation
bet ween -pi xel data-of a target pixel in a target franme frgghﬁgg&gzg&gnes-
and -pi xel- data of a corresponding pixel in a first frame adjacent to the -
target. frame, and a correlation between the pixel data of the target pixe
in thé target franme and pi xel data of a correspondi ng pixel in a second
frame adjacent to the target frame, and pixel data generator neans for
~generating pixel data of 'a first Qiﬁﬁﬁ;_in a first synthesis frane.
generated between. . the target frame "and one of,the first and second franes
“cont ai ning. the correspondi ng pi xel - having the pixel data wth a |arger
correl ation, based on the pixel data of one of the corresponding pixels in.
the firsetandnsenendatyanesrahavieng bthe bar gee corkel ahidoredehact ed by the
correlation detector nmeans, and for generating pixel data of a second
pi xel . i Aramsecondtaynihgsthef raneegenanahgdphetiednvting thar gekefir ame and
the other of the first and second franes, based on the pixel data of the
target pakel wahd &héapogel cdaraletibhe basstl phxeéhe B@xeAndamagefpi ckup -
devi ce according to claim29, = wherein the pixel data generator neans
copi es ¢he pfxehedaparesporfiengnpisflehéncohrespondi rgdpsrebsdin the first
and 6 Septenmber 2005 - 88 'second frames having the larger correlation -
-det ect eBraeehkavepgr Ehat 1andact eersrlatans dstenéegi kel thata of the first
pi xel in-the first. synthesis frame generated between the target frane and
t he oneCoFrehatiPrsichpatseroniePr afBd for generating pixel data of = .

.a second pixel in‘a‘sécong synthesis frame generated between
“?the‘target frame and the other of the first and second
‘frames,fﬁased on the pixel data of the target pixel and the

pixel daté of the'first pixel.

-,23 ,TA;prbgﬁém'acdording fo claim-22; whefein-tﬁe-pixei'
‘_détaigénerati¢n step coﬁiéérﬁhe'piﬁel‘data of thé oné'bf‘the'-
‘ co;r§$ponding PiXels in-the.firSt and éégond.fﬁames having:

,;he_larger.bbré?lation:detected iﬁ the cdrrelatioﬁ'detégtion_A
-‘stép as-fhé”pikél data.bf the first pixel inﬁthe‘firsf:r
‘Syﬁthesis fréme genérated between the target frame and the
"Qne_of the'fi;st-and second frames containing'the |

_ cofreéponding:piﬁel héving the pixel data with'the largér‘_

correlation.

'24. A program according to. claim 22, wherein the pixel
‘data generation gﬁep;generates the first syntheéis'frame at
ja:position equally spaced in time,f:dm the first frame and

the.target_frame, and the second synthesis frame at a




containing the correspondi ng pixel having the pixel data with the |arger
correlation'.. 31. An inage pickup device. according to Cé%k@éﬁﬁyzgwﬁere'n
he pi xel data generator neans generates the first synthesis frame at a
position equally spacedin time. from the first frane and the target

frame,. and the second synthesis frane at a position equally spaced in tinme
fronlthe second franme and the target ,frane. 4 5 . 32.d ,. An. i mage

pi ckup ‘devi ce according to claim 29, mhereln the pi xel data'generator
means cal cul ates the pixel data of 1 K& second pi xel by subtracting the.

val ue. -of the pixel data of the first pixel froma value equal.to twce-
the val ue of the pixel data of the target pixel. 33. An inage. pickup

devi ce pesbtiomgeqoatlni sp28ed imheteencibe theageetsnpr egamsednwhi ch is
obt ai ned by the sensor having .a plurality of detector elements arranged in
at | eastheneadjeecfianc.. 6 Septenber 2005 .89 34. An inmage pickup device
according to clain129;'mhere|n the image: is processed which. is obtained-
by the sensor having a plurality of detector elenments arranged in a matrix
form 35. An inmage pickup device accordlng ‘to claim29, wherein |
“the.correl atd%on depeegsprrnegrerdérgcts sldilff @lﬂendz@leoffeme:ha )pelxedat a as

the correl ation.
. .data generation step calculates “the plxel data of the second

pixel by subtractlng the value of the plxel data of the
A flrst pixel from a value equal to twice the value of the

B

pixel data of the target p;xel.

26. A pregram according to claim 22, wherein the image
is processed which is obtained by the sensor having a
- plurality of detector elements arranged in at least one’
direction.
. Y
h _ , .
27+ A program accordlng to clalm 22, wherein the image

'Iis‘processed which is obtained by the sensor having a

‘plurality of detector elements arranged'in'a matrix form.

28. A program accordlng to clalm 22, whereln the
.:correlatlon detectlon step detects a dlfference of the plxel

_data as the correlatlon

29.  An imaggfpickup-device-comprising image pickup
_ means for outputting, as pixel data of frames, an ebject

image picked up by'an'image pickup unit having a
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predetermined;number of pixels, each having a time
dintegration'effect,., | |
correlation detector meanslfor detecting a_correlation‘
'_betweenrpinel data-of a target pixei in'a'target frame from
among frames and plxel data of a corre8pond1ng pixel in a
K flrst frame adjacent to the target frame and a correlatlon.
between the plxel-data of\the target plxel in the target
frame and pixel-data of a cOrresponding-piXei-in a second
frame.adiacentto'the'target_frame, and .
pixei?data.generator meane5for generating‘pixel data'of
La flrst plxel in a flrst synthesms frame generated between
the target frame and one of ‘the flrst and second frames.
contalnlng the - correspondlng plxel having’ the plxel data
Wlth a larger borrelatlon based on the plxel data of one ofi

iy
the correspondrng pixels in-the flrst and second frames

hav1ng the larger correlatlon detected by the correlatlon
' detector means,'andffor generatlng pixél data of a second
_pinel in a second synthesis frame generated between the
"target frame and the other of the flrst and second frames,

based on the plxel data of the target plxel and the plxel

data of the first plxel.
:30. Anrimaggrpickup'device according to claim 29,

- wherein the pixel'data generator means copies the pixel data

of the one of the corresponding_pixels in the first and
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second‘frames havlng the larger cerrelation detected hy‘the
eorrelation-deteetor means,as-the.pixel‘data of the firet
‘pirel id the‘firet synthesis frame generated between the.
ltarget frame and the bhe-ef'the'flret'and seeond frames
-'contalnlng the correspondlng plxel haVLng the pixel data
: w1th the larger correlatlon .
31. An 1mage plckup dev1ce accordlng to claim 29,
, whereln the plxel data generator means generates the flrst
eynthe31e frame'at a p951t10n equally&spaced in tlme“from
the firetrfraaerahd'the‘targetrframe' and the second
syntheSLS frame at ‘a p051tlon equally spaced in tlme from,
the ‘second frame and the target frame |

.‘\ | . .'i" : ) : '

' I,

32 An. lmage pickup dev1ce accordlng to clalm 29,
wherein the plxel data generator means calculateS'the pixel
'data of the second plxel by subtracting the value of the -

- plxel data of the first pixel from a value equal to thce

-the value of the plxel data of'thevtarget plxel.

33. &n image pickup device according to claim 29,
Wherein thefimage'is processed which is obtained by the
eensor having a Rlurality of detecter elements arranged in

at least one‘directien.-
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34. An image pickup device according to claim 29,
. wherein the image-is_procéSsed which is obtained by‘the
sensor having é'pluralityrof:detector elements arraﬁged’in a

matrix form.

35. An image pickup device according to claim 29,
wherein the correlatibn detector means detects a difference

-of the pixel data as the correlation.

"
Y




