6 Septenmber 2005 1 DESCRI PTI ON | MAGE PROCESSI NG APPARATUS, | MAGE PROCESSI NG
METHOD, AND | MAGE PI CKUP DEVI CE Technical. Field The presgsgthMggb&pn
relates to an i mage processing -apparatus and, in particular, to an inmage
‘processing apparatus that accounts for a dlfference bet ween a si gnal

*. detected by a sensor. and the, real world. Background Art. Techni ques for
-detecting an event in-the real world and for processing, sanpled data

out put froman image sensor are in w despread use. For exanple, the inmage
‘of an object noving in front of a stationary predeternined background,
taken - by a video . canera,. suffers froma notion blur when the notion speed
- of 'the. object is're{atively fast. Also,. a technique that generates a

hi gh-density image. in the dlreq5¢§wgfﬁTi¢ﬁna based on an image taken by a
video canmera is used. However, a notion blue is not taken-into.

consi deration when a high- den5|ty image is generated in the direction of:
“time. A high-density image generated in the direction of 6 Sept enber 2005 -

32 ti me baMRGEORREUEESBYE havARgTasUD&MQGEbbR@cEQSQﬂESMEQHOD AND

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
_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




unnatural image. Disclosure of the I'nvention Enbodi nents of the present
‘invention generate a high- density image in the directiongef Line-having a
natural notion blur. According to a first aspect of the rnvention, there
is provided an i mage processing apparatus for processing an inmage forned
of pixel data of frames, obtained by a sensor including detector elenents,
each having a tinme integration effeet? eonprising: correlation detector
nmeans for detecting a correlation between pixel data of a target pixel in
a target franme fromanong franes and pi xel data of a correspondi ng pixe

in a fitshel nameadpace taagee hialiget o rageioAndbiamLobeebakisonabet ween
the pixel data of the target pixel in the target frame and pixel data of a
corr espBRBRRYTpL xelMagh- a second frame adjacent to the target frame, and

pi xel data generator neans for generating pixel data of a first pixel in a
first synthesis frane generated between the target frame and one of the
first anflsctesond &farnes Towtatihomg the correspondi ng pi xel having the

pi xel data with a |arger correlation, based on the pixel data of one of

the corresponding, pixels in the first and second franmes having, the |arger
correl ation %m%@g%%%%? 9605 NfetRER R by L P RENESPR ePEPFEA Hetfediti M Teans,

- and forg-geneyatiig i Xg! Jpf aqetearSERONE PLXRL HL-A RpCANtha Sy hesi s
frame generated between the target frame and the other of the first and
- second fwhires, bbased on the pixel

According to a first aspect of the invention, there is
provided 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: 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




data of the target pixel and the pixel data of the first pixel. The pixe
data generator means may copy the pixel data of the one o& t@%ﬂbrzmm
corresponding pixels in the first and second franes having T4 rger
correlation detected by the .t, correlation detector nmeans 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. it.
The pixel data generator neans may GeAeFate the first synthesis frame at. a
posi tion equally spaced in tine from the first frame and the target franeg,
and the second synthesis frane at a position equally spaced in tinme from

the 5eCQEQeEE@HEb§thEh@o&%%ggtlEﬁa@%teEQ%rphé%hsda%§KQQQﬁJatOr means nay
cal cul ate the pixel data of the second pixel by subtracting the val ue of

the . pi yehedatangf pthelf tash Biexal sbteoRuapyakye ;equalsdQddM ce the val ue -
of theplxel dat a o? the target pixel. The inmage processi ng apparatus nmay

prOCeSSsyhehEHﬁlefr&hecbehérahbalB@@w@ﬁntﬂﬁesﬁﬁ%@%th@%eﬂ& and Whal ity of 6
Sept enber 2005 - 4 detector elenents arranged in at |east one direction. -

The |nagEhprOOESShGgfapBarahdSsﬁﬁynﬂrﬁ&&ﬁésthba@ﬁﬁ@&nlWﬂkﬁ@l&%lObtalned by
the sensor having a plurality of -
B 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 pixeia 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 between the
.targetaframe‘and theTene of the;firsttandlaecona 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 épaced 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 procesa the image

which is obtained by the sensor having a plurality of




detector elenents arranged in a matrix form The correl ation detector neans
may detect a difference of the pixel data as the correlaébg em@&a&ﬁglng to
- a second aspect of the invention, there is provided an inage processing

met hod of an image processing apparatus for processing an i mage forned of
pi xel data of franmes, obtained by a semsor including detector elenents,
each having a tinme integration effect, conprising: a correlation detection
step for detecting a correlation between pixel data of a target pixel in a
target flenpetérom anengsfaanesgatidipi Xel ldash ofreadizeete®pondi ng pixel in
a first frane adjacent to the target frame, and a correlation between the
pi xel data oéhthe glx el in_the t %et frame and p| el data of a

correspondi n %l%&a3%1 Aeeohd d r BRE2 LA HEelt® ¥ oPFRESSFarddt HP3Re, and a

pi xel dakacgenes atdrankisieep HYr tgenesatidg piaxgingata pluaalicgt pfxel in a
first synthesis frame generated between the target frame and one of the
first afdteetendeirBrREScoRtandthgit he BdEFE3pbadRng pi xel having the

pi xel data with a Iarger correl ation, based on the pixel data of one of

t he correspop %lngo IXEI ?ﬁehh%ec£ s%e%n% §§9Qﬂa nq; @ df$985g§ | ar ger

correl ation etec correration tion s P,
gener at bAgtpe xplxdat aaod assesoncopreehtiona second synthe3|s frame
generated between the target frane and the other of the first and second

frames, based on the pixel data of the target pixel and the pixel data of
‘t he f|rst pi xgfording 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. pixel data generation step may copy the pixel data. of the.one of the
corresponding pixels in the first and" second franes havi ro
correlation detected in the correlation detection. step E?eﬁﬁﬁb%?ég dat a
of the first pixel in. the first synthesis frame generated between the
target frane and the one of the first and second frames containing the:
correspondi ng pixel having the pixel data with the larger correl ation. The
pi xel -data generation step. nmay generage the first synthesis franme at a _
position equally spaced in.tine from~the first frame and the target-frane.
and the second synthesis frame at a position equally spaced in tine from
the second frame.and the target frame. The pixel data generation step may.
cal cul atigtbherpixel ridatapoket he second pixel by subtracting the val ue of
the pi xel data of the first pixel froma value equal to twice the value of
the pixel datige ofitde datgefempdxetiol Nstdie mapgeoPy OLRS ShNgeTeAded, the

i mge may be processed which.is obtained by the sensor having a pIurallty
of det ecfothel ements aheaﬁgedespoaﬁlhgaptxeme dihr ebei 6hirstnahfe i mage
processi ng met hod, the inage may be processed which is obtained by the
sensor havond arQMEsahavyngftUetéergerebenealataonadgedctadalnathex form
The correlation detection step may detect a difference 6 Septenber 2005 of
t he p|x@@rnalatagnt@eteet;ena@ten aﬁctb@dpngelodat@hofdthspétrSDf t he

|nvent|on there is provided a storage nmedium storing an inmage proceSS|ng,f'
. plxel in the first synthe31s frame generated between the ‘

_target frame and the;one pf the first and second frames ; _5fi
‘eeﬁtaining-the corresponding pikel having the pixel data.-‘ -
With theilarger cerrelatien.

-The_ﬁixel data generation step.may generaterthe first
_.syhthesis frame at'a'position equaliy‘spaeed in_time‘frqe:

 the tifst ftameﬁand the target~ftame;:and the secend‘ |

synthesie 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
'processee which %e obtainee by the sensor having a'plutality 
' of detector elements arraﬁged,ih a matrix form.

The correlation detection step may detect a difference




conput er readable programfor processing an image formed of pixel data of
frames, obtained by a sensor including detector elenents gach pgﬁsng a
time integration effect, the programconprising a correla?ﬂbn gefection
‘step for detecting a correlation between pixel data of a target pixel in
a target frame fromanong frames and piexel data of a correspondi ng pixel
ina first frame adjacent to the target franme, and a correlation between
the pi xel data of the target pixel in the target frame and pixel data of a
correspoddithg piixell data secbhd €pamelatiiasent to the target frane, and a
pi xel data generation step for generating pixel data of a first pixel in a
first synthesis frane generate betmeen6%$e target frame and one, of the

first and sef6R@FALRFesCcontEiihg e ets}}?orfg?‘f?dﬁ‘tp]l%l UHER nS t he

pi xel dahbayidkh aal a588Fa&OT A ALUPN s tRASed 0By tbﬁaﬁéx%rQ@éésﬂﬁ%Pne of
the corresponding pixels Tn the first and second franmes having the |arger
cor r el acicoputget eceddbile thregzery doat irowatetsderd om singge afprmet of

‘generati i xel..dat a -of ond_pi X LN secon nt he
gener at ggggtmégﬁgth%fta;ggﬁg%fangggﬁgh?ﬁe 8%th"cér % n%%% f}ﬁéfu%% second
franes, deasedoen dlhendgiivee] edalh ahakritibe 4 acgee pinkelgrand dnheepfaet, dat a of
“the first pixel. The pixel data generatjon step may copy the pixel data

of the &RE OPTPHEXR oGy Bi xePLretrtien f idedteAd®r s8EBRd F94hnes

having yReckatger sordalaliandiet gekadahn piige cotie] aronadetepgion step

as the pixel data of the first 6 Septenber 2

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



- 7 pixel inthe first synthesis franme generated between the target frame
and the one of the first and second franmes containing thg cgrresgﬁﬁding
pi xel having the pixel data wth the larger correlation. %?PETW§ “dat a
‘generation step may generate the first synthesis frane at a position
equal ly spaced in tine from the first ;rgne and the target frame, and the
~second synthesis frame at a position equally spaced in tinme from the
second Hiase ard the tranget $yarkeside rphxel @atarDaner akic@Best efhday
calculate the pixel data of the second pixel by subtracting the val ue of

the pi k@rgght £ rmer end i L§e ppn@l ofr orha Fargé eyirhl seeongi derangfe val ue

of the pi : f.th Fxel .. i e pt Ss ichis
obtainegbﬁgé%ﬂgﬁgsgﬁfbr8%%@%%36%8%%§r5?%?%’o?ggg?§2¥g$3e?ggggtéﬁg¥¥2nged in
at | easvibnetide reztgen. cdiws]iaagen nay be processed which is obtained by the

sensor having a plurality of detector elenents arranged in a matrix form
The correl atjon dﬁtg;tion 8%89 may_ .detect a difference i xel data
c

f .the_,
as the correlBti BRXSAcE0ra: PR 3 10U rT HPRashRkt I6RCEREST NI T C t her e

i s provigethds ps ogramet @ thes exesit ednoRalARP WRice£ODAT @likiendrAsh | MRge
processing apparatus for processing an 1mage fornmed of pixel data of
frames, tledt af Hezfk byf reensdd  ithel udpkgetiet BEABE, el AM@NtENE eadFHHi ng a

| g‘t reT|Eo I nLeQERLLPD reLEECLL tDeLBLOBE BN CRURTHS NpALPIR! /AN defection
| the second frame and the target frame.

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




for detectlng a correlation bet ween plxel data of a target' pixel in a
target frame from6 Septenber 2005 anong franmes and pi xel g?ﬁ@n@rﬁos
correspondi ng pixel in a first frame adjacent to the targe rame, and-a
correlation between. the pixel data of-the target pixel in the target frane
and pi xel data of a corresponding pixel in a second frane adjacent to the
target frame, and a pixel data generation step for generating pixel data
of a first pixel. in a first. synthe5|§ frame generated between the target
frame and one of the first and second”franes containing the corresponding
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
havi ng anbeg drgek scamndelpdikedn ddekeocired. cof rieheeering) #ixen def ection step,
and for generating pixel :data of a second pixel in a second synthesis
frame gdnesdt ddabet welgr.cette tioantget thirgee fapthet, henOtzhelordfelatthenfirst and -
second franes, based on the pixel data of the target pixel and the pixe
dat a -of behiweehi toe piixell. dehe pifxehedataggenetiakilonnstite rmayqeapy the

pi xel . data of the one of the corresponding pixels in the first and
second- fﬁ&ﬁ@sandvpageﬂhéatargéracgprebappodldgteaked iim theecomntel ation
detection step as the pixel data of the first pixel in thé first-synthesis
frame génerst ediBeenéenot hbe target frame.andd dhpised dhtehe first and
second .franes _containing the correspondln% pi xel having the pi xel data
with" thgepgrggﬁoeostgpaﬁpéngeneratlng pixe data of a flrst plxel o

ﬂ in a flrst synthes1s frame generated between the target

l

l.frame and one of the flrst and second frames contalnlng the

correspondlng pixel havrng_the‘plxel data with a larger

* correlaticn, based on the pixel data of one of the

corresponding pixels 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,otherlof the first and second frames based on the
plxel data of the target pixel and the pixel data of the

'r;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'the first and second frames
-containing the corresponding'pixel having the pixel data -

- with the larger,COrrelation.



6 Septenber 2005 9 The pi xel data generation step may generate the first
synthesis frane at a position equally spaced in tine fro”bsEaﬁmB&bﬁ&sfra”E
and the target frame, and the second synthesis frane at a position equally
spaced in tine from the second frane and the target frane. The pixel data
generation step may cal cul ate the pixel, data of the second pixel by
subtracting the value of the pixel data of the first pixel froma val ue
equal . to twice the value of the pixel data of the target pixel. A conputer
executing the program may process the imge which is obtained by the
sensor havi ngha pliueal idatofgerdaiacicor etepenky @@m@m@&@iﬁheufiﬁﬁet one
direction. A conputer executing the program.my process the inm which is
obtalneﬁyﬁ§h?ﬁésséﬁ§8@ Hﬁ%l%gpast&P&|q%P%ﬁle%?%%?%rléléﬁ@%s;%ﬁmanged in

a matrixpform rJhe eagel al{pn rdet echi %'%tSt%E}afﬁ%y dQBQCttﬁed'ééc%rﬁilce of
the pixel data as the correlation. According to a fifth aspect of the

i nvent i syptihdere fgampramld@dpaﬁltmagquua&kydewacedoﬁntmeﬂ@rdﬁmn
inventign inclqgef |nage means E outputting, as pixel data of
frames, “Af oB7eRY THAGe %? u%? Boan T#8%e pickup unit having a

pr edet er m ned nunber of plxels each having a tinme. integration effect,
correl ation detector neans for detectin a correl ation between pixel data
of a target %@%e?lﬁﬁladaFér@@PeFﬁﬁﬁﬁnfﬁgﬁpamﬁﬁ;q%%ﬁﬁ%@?%uiqﬁ>&ﬂxQ%ua.of a

cor r espgadi ng £Pipiel b@cén&'%ﬁ%eﬁrQ%F éﬂb@ESEElkg‘%Hét9£9§é of the

pixel data of the first pixel from a value equal 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




- 6 Septenber 2005 - 10 frame, and a correl ation between the pixel data of
the target pixel in the target frame and pixel data of a r i ng.
pi xel "in a second frame adjacent to the target frane, andsgﬁagﬁgﬁgﬁgg :
generator neans 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 correspondi ng pi xel having the pixel data
with a larger correlati-on, based on the pixel data of one of the s
corresponding pixels in the first and%sécond franmes having.the | arger
correlation detected by the correlation detector neans, and for generating
pi xel data of ~a second. pixel in a second synthesis frane generated between

the targeimdragga 4resese1bes6d BOLPLXE! cdat i1t Agrandst breot her of the
first and second the pixel data of the target pixel -and the first pixel.

The pi xedrelat ap geaer ah OFhaeaNsoeRYFE0RY &he pixel data of &he one of the
corresponding pixels in the first and second franmes having the |arger

correl atd oresiebeeigg byxéhein corsetand onrdet eatipaceransoashtheapixel . data;'
of the first pixel in the first synthesis frame. generated between the
target framne, andd thexehedota thenérasor andasecbod feaeesting pixel =
| .dateAOf.a'first‘pixel'in a first synthesiskframe'generatedu

betﬁeen the target frame and one of the first and Seeond_

freﬁee eontainingrthe‘cer;espendiﬁg pixel.having tﬁe 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

T . .

the first pixel.

by

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




containing the correspondi ng pi xel having the pixel data" .with the'Iarger
correlation. . .The pixel data generator neans may gener t

- synthesis frane at a position equally spaced. in tinme fr§%$%ﬁ§56¥b%%2r 2005
‘the first frane and the target frame, and the second synthesis frane at a
position equally spaced in tine fromthe second franme and the target frane.
The 'pi-xel data generator nmeans nmay cal cul ate the pixel data of the second
pi xel - by subtracting the val ue of the - pi xel data of the first pixel from
a value equal to twice the value of 1the pixel data of the: target pixel
The i mage processing devi ce may process the image which. is obtained by.the
sensor having a pIuraIity of detector elenents arranged in at |east® one

directipre ridbe Frmge @ﬁ@cﬁﬁélﬂﬂrgétlﬁﬁaﬁ@¥ Prhaceas tBeohAmge which . .is
obt ai ned. by the sensor having a plurality of detector elenents arrangedin

a matrigyhendyidheranesretali posdelest oguae ?SsﬁEMeQeEﬁCtlﬁedEEBﬁrence - of
t he pixel data as the correlation. A natural-looking imge high in density
in the che e@éd:mmofrsmmama thustobgai nedamBri ef Description of the -

Drawings. FIG | “is a block diagramillustrating one enbodiment of the
i-mage pr ocesslmgalamiarcetm @indhetqf esenis mragenianmlafé Gthé psxzeal bl ock
diagramillustrating the construction of the inmage processing apparatus

. data of the second plxel by subtractlng the value of the .
plxel data of the flrst pixel from a value éequal to tw1ce
. the value of the plxel data of the: target plxel
The 1mage proceSSLng dev1ce may process ‘the image whtch
-is obtalned'byrthe sensor haV1ng a‘plurallty of detector
elements arranged in at least one dlrectlon
The . 1mage proce551ng dev1ce may process the 1mage whlch :
is obtalned by the sensoxr hav1ng a- plurallty of detector
e;ements-arranged in  a matrix form. |
The correlatlon detector-means.may detect a dlfference
of the. plxel d;ta as the correlatlon
A natural—looklng image hlgh‘ln density'in'ther

‘direction of time is thus obtained.

Brief_Description‘of‘the Drawings
,:Fié. 1dis a block diagram illustrating one'embodiment
of the image processing apparatus of the present inventionc
FIG. 2 is a block diagram illpstrating:the constructioa -
‘of the image progessing apparatus; | ..
FIG. 3 is a'diagramjiilustrating an image pickup ‘

‘operation of a sensor.




FIG 3 is a diagram illustrating an image pickup operatlon of a sensor.

. 6 Septenber 2005. - 12 FIG 4 illustrates the |ayout of pixels. FIG 5
~illustrates the operation of a detector elenent. . FIG 6- %?ﬂ?%“?ﬁ%%? data'
of the sensor having an integration effect in response to the input of.
light.. FIG 7A illustrates an image that is obtained by photographing,
a,n 'object -corresponding to a.noving foreground and-an object . _
corresponding to a stationary background. FIG 7B illustrates a nodel of an
i mge that is obtained by photograﬁhﬂﬁg*an obj ect . corresponding to a

nmovi ng foreground and .an object corresponding to a stationary background.
FIG $' illustrates a background area, a foreground' area, a mxed area, a -

covered backgaipund saneay: At AR HNCeMenad Hagkground-area. FIG 9 is a
nodel - di agramillustrating pixel. values of aline. of adj acent pixels’

devel oped i W1id .8 axi1hdkARkd rage opfrdhiemhied ordespondidg4©, t he
stationary foreground and the object corresponding to the stationary

background. FHcG 610 dts pikedeldaiaagrannd |dsfsat ing-ide 4 xel ™ val ues
devel oped in-tine axis for a duration of tine. corresponding to shutter’

time 2tintedrictidrs «ff feédedin Rt pddsé sta tidelnsiiagsaniighustrating the
pi xel val ues developed . in the tine axis for the duration of tine
correspondlﬁtho7mhalSMGmmataﬁ £ mmagaMhth(ﬂanqhﬂhlned by
photographlng 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 foreground}area,
ta mlxed area, a covered background area,_and-an 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 fhe'stationary foreground and
~ the object correspondlng to the statlonary background
| FIG. 10 is a model dlagram 1llustrat1ng the plxel‘
' lvaiues,developed in ‘time 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 duration-of rime
corresponding tolthe snutrer time 2ts, which divided.

FIG. 12 lS a model dlagram 1llustrat1ng the plxel




FIG 12 is a nodel diagram- -ilJustrating. the pixel - 13 values devel oped
in‘the tinme axis for the duration of tinme corresponding tqQ the shutter
time 2ts, which is divided. FIG 13 illustrates extracted® BPREIEr 6803 he
foreground .area, the background area, and the nm xed area. FIG .14
illustrates the rel ationship between the pixels and the nodel in-which the
pi xel- val ues. are developed in the ‘time axis. values developed in the tine
axis for a duration of tine corresponding to the shutter time 2ts, which is
divided. FIG 16 is a nodel. diagramlid l-ustrating the pixel values '
devel oped in the time axis. for a duration of time corresponding to the
shutter tinme 2ts, which is divided.' FIG 17is- a nodel diagram

11 ustr gt 085t ey xglg YAl Wee- dowel oped. (B! et LIE 1l Lor 3 duration of

time 'k._"corréesponding shutter time 2ts, I's divi FIG 18

s 'a madel.odiggnany Lbl ustrahhagethes pbxsk svaliespdouelanadel the time

axirs for a duration’of tine corresponding to'the shutter tine 2ts,. which

i s divided. yptuepzdeyel i e 4 d ' rof fHLaklp) e
Correspondingﬁ%o ?%efgﬁﬂfgggﬁ%?n%ﬁgﬁiégﬁ%?%%§?£gd?€igg%.%bgl%?$%%§ is a

di agramyi-bhysthat bRExLREuRKOGeSS , PRAHOEABIMeRliha Rxel S in.the nixed area.
' FIG 21 is a diagramillustrating a chronologically 6 Septenber 2005 - 14
. . FIG. 14 illustrates the relationship between the pixels
}éhd’the model in which the-pikéi'vaIUes;érérdéveléped'in the
rﬁime akis; | _ | |
,FiG. 15 isa mode1'diag£gﬁ illustrating 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 shutter 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




i deal relationship between a pixel in ‘the nrxed area and a pi xel val ue
~thereof. FIG 22 is a diagramillustrating a chronologicall i deal
relationship between a pixel in the mxed area and a plxgﬁyvgnﬂﬁzogiG. 23
illustrates the results of the process whi ch' : exami nes the appropri ateness.
of the process for setting the pixel. value having a high correlation to a

pi xel in the half side-of a double-density inmage.. FIG 24 illustrates the
results of the process which exanines the appropriateness of the process -
for setting the . pixel value havingfa—high correlation to a pixe

in.the. half side of the double-density image: FIG .25 illustrates t he.
results of the process which exam nes t he appropriateness of ‘the process.

for setf h M@l e havi ng gh; gorpel ation Lp.2 el in the
hal f srdeég]f Ihﬁl 1\?{% eldeﬂrrr%ty#rragl?nt%: 3 Q% rF&strate%t érélesults of .
‘the prqesess) Wi the exanides the appropriateness of. the process for setting
t he pi xel value having a high correlation to a plxel in the. half side of

t he doubl e- ¢arsi tyy iinRge aifl@am? L 1iksustyatep 4 hairgsildg gfithe process
whi ch exam nes the appropriateness of the process for setting the pi xel
val ue  hayddy e TH @b e i dvied @ gpixel - im the hakda side plathe

doubl e-density image. 15 FIG 28. illustrates the results .of the process
whrch qma&unes;hhe approprrateness of the process for settlng t he
FIG. 23 1llustrates the results of the process whlch
".examlnes the approprlateness of_the.process for settlng the
" pixel wvalue having a higo correlation to a pikei'in the half
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 the doubie—denSity image | - 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—density'image. |
| FIG. 26 illustrates the results of the process which
© examines therappropriateness.of'the process-for:settiog‘the
.'pixel'value haoing‘a hich 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 correlationtto a'pixel io the halfe

side of the double—density image.




pi xel val ue havi ng a hi gh correl ation to a pi xel in the half side of
t he- doubl e-densi ty i mge. FI-G 29 is a dlagran1lllustratin% a rog&if
performed on a pixel in the background area. FIG. 30 is 3 8?38?3 2
illustrating a .process perforned on a pixel in the foreground area.. FlIG
31 is a diagramillustrating a process perforned .on a pixel in the mxed:
area. FIG 32 is a diagramillustratiing a process-perfornmed on a pixel in
the background. area. FIG-33 is- a dH%?ran1illustrating a process perfornmed -
on a pixel in the foreground area. Fl 34 illustrates the exanple of an
“input image. FIG 35 illustrates the exanple of an enlarged input inmage.
FIG 36 illustrates a variation-in the pixel value with respect to a pixel

position in'ride i@pﬂilﬁgﬁﬁ§teglghe3ZebﬁhH§t6§t%ﬁetﬁgo@éggp%ﬁlek a
doubl'e-density imge- .. G 38 illustrates the exanple of an enlarged

doubl e desgih¥si URECaphtEpriafehbbusbiralae Rrvaidsal ih 'sréttél%do'eh‘@ val ue
corresponding to a 'pixel position “in the input inmge, 6 Septenber 2005 -

16 FIGidelitvhugerakesnghe axgapkeretibkecdoubl a- @q&@lt YLn ﬂh@%%lfFl G 41
illustrates the exanple of the enlarged double-
: s;derof the double- dens;ty image.
FIG. 29 is a'diaéram illﬁéfrating'a process performéd 
:.on a pixel in‘the'backngUndrarea;‘
FiG; 3d is a diagram\illustrating a process perfofmed
on a pixel in the foregroﬁﬁd area. |
FIG, 31 is a diag%am_illuéﬁratingaa pfoceésrperformed
zoﬁfélpixel in the'mixed’aréaf |
JFIG..BZ'iS a diagram-illustfating é,procesé-perfofmédr
.fana pixel‘in thé'baquroundfaféa.' -
FIG. 33 is a diagram;illustrating a prbééés perfofmed
on a'plxel ln the forégrdund areé. | .
i ' L
FIG: 34.1£%ustrates the example of an input image.
-FIGA 35 iliustf&tes fhe'eXQmple of‘éﬁ'enlarged input-
'}imége. |
__FIG.-361illustratésra,?ariation in thé pixellvalue with
. respect to a pikel'position inlthe,ihpﬁt iméée.' o
FIG. 37 illustrétés the example.of.a_doublemdénsiﬁy , 
lmage. | |
FIG. 38 illustrates the exémple of.én-enlaﬁged double-
density image. -, | -
FIG. 39 illustrates.a variation in the pixel Valﬁe

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




density inage. FIG. 42 illustrates a variation in the plxel value- :
.corresponding to a pixel position in the input inmage. ) ow,
diagramillustrating the process of tinme. resol.ution gen§$5é98h Q&FL
which an i mage having a double 'density , in the direction of tine:is'

- generated. FIG 44 is a flow diagramillustrating the process of .tine

resol ution generatlon in which an i.nmage having a double density in the’
direction of tine is generated. Best -Mbde for Carrying out the Invention

"FIG 1 is a block diagramillustratiA§. one enbodi nent of the inage

processi ng apparatus of the present-invention. A CPU (Central Pfocessing
Unit) 21 executes a variety of processes in accordance with software
prograns st i Read, MBS 2%_ A RAM
(Random Accgé;sﬁgI\/lszirrbn?1311)@@2431£ stor eg}'{s%f t war el%r%%rg{n%a%%kgﬁ?%ge%&f he CPU 21
and dat ayagenecessary. The CPU 21, the ROM 22, —and the RAM..23 .are =

i nterconnected to each ot her through a bus 24 _ The. CPU 21 is connected to
an i nput andeagit put 11 NSRS 25 d hough & her buse 24n1 A @y csnecded to the
6 Septenber 2005 17 input and output interface 25 are an input unit 26 such:
as a keybnaidy amagese, or a nmicrophone, and an output unit 27 such as. a

~display or a |oudspeaker. The CPU 21 executes. a variety.of processes in

response to EL@omMmNd luytitafaom thweriatpiin um te6.pibhel GRUWRL out puts an |
|nage - voi ce, etc.
correspondlng to a pixel posrtlon in the 1nput image.
FIG. 43 is a flow dlagram 1llustratlng the process of
time resolution generation in which an image having a dOuble
'density_in.theJdirection ofitime is geﬂerated;
'FIG. 44 is a flow diagram illustrating the process of
time resolution'generation intwhich an image having a-double

density in the direction-of'time is generated.

Best Mode for Carrylng out the Inventlon
| FIG: 1 1sda block dlagram lllustratlng one embodlment
.:of-the image proce551eg 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 interconsected 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




obtai ned as a result of the processes to the output uni t 27 The storage
unit 28"connected to the input and output interface 25, S te @5
'stores the. program executed by the CPU 21 and a dlver5|t€ %ﬁ'%

data. communication unit 29 communicates. 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 output fromthe
sensor. A software program may be obt ai ned t hrough. the communication unit
29 and may be stored in the storagé drli £ 28. Wen a drive 30, connected to
the input and output interface 25, is loaded. with a magnetic disk 51, an
optical disk 52, a nagnetooptlcal di sk 53, or a sem conductor nenory 54,

the driyvepd@ QﬁdiV@ﬁtﬁ)tb‘@ igeordhng pedipm Lhes byt aeqy pnguansakt ware
program and data. The acquired software programand data are transferred
to and. keyBoLeed | Na tiieuss Or 8gea URi EradhdSe NEGRASARY outphit€uRi@Ccess of the .

i mage processing apparatus for generating an image having a high density-

i n. thesdth esgsi #nd bsSepy esbes 200@spedBer of THEECHT O t &ee gt @s Capt ur ed
fromthe sensor is discussed below. FIG 2. is a block diagramillustrating
t he consaruetyomfo@r@hessengEnpreepessegtap@aeammandWhﬁpherfkba tuactions
of the inage processing apparatus are enbodied in. hardware or software is’
not i npbrpwntunit 26. The CPU 21 outputs an image, voice, etc. ' -

obtained.as;a.resuit of the'proceSSes to;the;output unit‘27;
| The storage unit 28 .connected to the input and output
interface‘25,—is,adhard disk, and stores the program
exeCuted"by the CPU 21 and-a'diVersity of.pieées: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
communlcatron tplt 29 and may be stored in the storage unlt
28, |
.When a driue 30, connected to the 1nput and output ‘
interfaoe 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. | o |
.The process of the.image_processingsapparatus'for

generating an'image having a high density in the direction




ot her .words, each block diagramin this description nay be 'considered as a
hardwar e bl ock di agram or a-software functional block-dia %5 %1 g tion
blur here refers to a distortion, contained in an i mage corf ?B P gtoa .
novi ng obj ect, and caused by the novenent of the-object in'the real world
to. be inmged and the imaging characteristics of the sensor. in the
description of the invention, an inmge correspondlng to an object in the
real world to be i maged ‘is referred to as an i mage object. The input image
fed to the i mage processing apparatus8is input to a frame nenory 101, a
correlation cal culator 103, _and a hal f-side pixel value generator 105 _
The frame nmenory 101-stores the input inmage frane by frane, and feeds the
st ored- o] r r ~~h o] | aLi calcyl 3, the
correla??ggggglg%?%tggglggggaﬁaﬁ?ﬁge a?f?giééglg%&g?rvg%ugkgéﬁé?% of 1.05.
Wien a feagg #n+l. of the input image is fed to the inmage processing
apparatus, the frane nmenory 101 feeds the inmge. of frame #n 6 Septenber

2005 - 19 tmr¢hey frane wesw Yodddorad hey oot el edd Pnercdl i Al 03, the
correl ation cal cul ator 104, and the hal f-side pixel value generator- 105.

The fraoe #nel iiaga ﬁfaaessmnguaﬁgaﬁa@ﬂsto the frame #n, and the frane #n
is afrane in succession to a frame #n-1. The franme nenory 102 stores the
i mage SupplIﬁhbﬁnewntﬂéafunctlons of the image processing apparatus
are embodled in hardware or software is not important. In 
other words, each_block daagram in thls descrlptlon,maytbe
_ 'oons1dered.as,a‘hardware 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'oharacteristice offthe-seusor._c a
VIn the descrlptlon of the invention, an image

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

referred to as an 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,=and 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




frame nenory 101, and feeds the stored. image to the correlatlon calculator
104, and the hal f-side pixel value. generator 105.. Wen tgg ; €005
processi ng apparatus, is .supplied with the input inmge .- FPETL:
~the-frame menory 102 feeds the inage of frane #n-1 to the correlation .
cal cul ator 104 and the hal f-side pixel value generator 105. The correlation,
cal cul ator 103 cal cul ates a correlation val ue-between a target pixel-
the.frame #n supplied from the frame nenory 101 and the- correspondlng :
pi xel- in the frame #n+l, and feeds #He—correl ation value to the half-side
pi xel val ue generator 105. For exanpl e, the correlation value cal cul ated by
the correlation calculator 103 is based on a dlfference bet ween t he pi xel

val ue of thg.targel Rlxsl ei(gg ; %gfg rafer%@aeﬁfﬁtéeeb ?,zaw@ OEh he

corresponding piXxel in e plxe ues  of ese

pi xel s aber&l £6fo1 Oca?la&thlator hep £01 484 At hOM Of £ L Oy PI )%S?J(él' §af19é‘5' dered to.

be -hi gh. In other words, the snalier the difference t he pi xel wval ues,
t he hlg@@ﬁef£@b§oigelatlon The correl ation. . cal culator 104 calcul ates a
correlation 6 Septenber 2005 .- 20 value betmeen a target pixel ‘inthe

frame #n suppl it gmtihe 4 raanieramémr;y 40&candibhe teorhes poadiang:pi xel in.
the frame .#n-1 supplied fromthe frame nenory 102, and feeds the :
resul tia;_tgd(':mqs ef @O ¥n :\/salajefratzmethe haddesd Ten ptxed ﬂﬁéme #n-1.

. The frame memory 102 stores the 1mage supplled from tﬁe
fraﬁe.memory 101, and feeds. the stored 1mage to the
:correlation calculator 104, and the'half—SLde.prxel ﬁalue
generatof 105. - When the'image'processing‘apparatue"ist

.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 oaicelates a'correlation
talue-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 thetpixel 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 oorrelatioﬁ;

The‘corre;ation.calculator_104 calculates a correlation




generator 105. For. exanple the correlation value .calculated by the
correlation calculator 104 is based on a dlfference bet n.th I

val ue of the target pi xel in the frame .#n and the pi xel “@ﬁetmnﬁy?ﬁﬁ?
corresponding pixel in the 'frame #n-1. The hal f-side pixel value _
gener at or 105 generates a pixel. valuée of an inmage having a double density
inthe direction of time corresponding to the frane #n, based on .the
correl ation value supplied fromthe correlation cal cul ator 103 and the
‘correlation value supplied.-fromthé “®rrel ati on cal cul ator 104, and the

pi xel . values of the frame #n-1 through the frame #n+l.. The generated pi xel
values are fed to a half-side pixel value generator 106. The generated

pi xel vakugs séew@éﬁoaoeseaétaﬁlaallHﬁgehearkaaea#QO%Qb@l@@aSk£¥m'n the
direction of tinme The inagé having a -double density in the direction of

time istabseragbentrdriyoia1dadbl endensirt¥shaRaengTRexRal finside- pi xel value
generator 105 al so.supplies the hal f-side pixel value generator 106 with

‘the i mageané fnames#ppliba Babh-shderphiel m¥abug geper ahar r08sgensrates 6
Sept enber 2005 - 21 another pixel value of an I mage having a double
densi t yresulhendi cectebatdbnt vakueotoespendabg-todehpikeamneattne based on.
t he pixel value. of the i-mage having a double density in the direction of
time su@fpmeedtofrbm?t h@'d’taléxmpﬂea,plb&&t cona}ef@gmterxaabm 105, and the i mage
of frame #n, and outputs - -
A:oalculated by the correlatlon calculator 104 is based on a
dlfference between the pixel value of the target pixel in
the frame #n and the plxel 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'of
. time is also_referred to & double—density image. |
'The half—eide-pixelfvalue-generator 105 also supplies
the‘half—sidegpiﬁgl'value.generator 106 with the'inage of-
-frame #n. o | -

The haltfside,pixel value generator 106 generates




t he generated pixel value as an image having a double density in the.
direction of time. Referring to. FIG 3 through FIG 19,. _the i] i mage
fed to the i mage processing apparatus FIG 3 illustrates ?ﬁsﬁﬁﬂégghﬁg The
sensor is fornmed of a CCD video (Charge-Coupled Device) area sensor IS
di scussed below. operation by a sensor. canera having a CCD as a '
solid-state i mage pi ckup device. An object 111, corresponding to the ,
foreground in the real world, horizontally noves fromthe left-hand side
to the right-hand side between an obFéct 112 corresponding to the
background in the real world and the sensor. The sensor captures the |nages
of the object 111 corresponding to the foreground toget her with the object

112 coaﬁeenefdbﬂgeiovabeebeﬁkgﬁoyﬁgge nglﬁsnﬁoeghﬂegeeehgy£gfihhe

captured inmge 1n units. of one frame. For exanp sens out puts .an

i mage foraedi 30cfi 8BS PEInSCEOPLesIBR11 REPRSUERe EFAROfnt NBaSEASOr 1S
thus 1/ 30 second. The exposure time is a duration of time fromthe .

begi nni 6g ohet PexEDMWVEL §é& 08f Ofhé NPHAG élﬂmlhﬁte ebﬁsiéleeﬁgﬁ{;?elend the 6
Septenber 2005 22 end of the conversion of the.input |ight o] electrlc
. the direction of time supplled from the half-side plxel
'.Value.generator 105, and the image of framer#n, and outputs
~the generated pixel'value as -an image having 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 Dev1ce) 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
corresponding to the background in the real‘world.and:the
' sensor. | '

_ The‘sensor captures the 1mages of the object 111
_correspondlng to the foreground together with the object 112
oorrespondlng to the backgronndL The sensor then outputs
the captnred iﬁage-in units of one.frame. 'For example, the:
_sensor outputs an imagefformed‘SO frames per second. ﬂhe
'exposure time of jthe sensor is tnus-l/30 seoond' Tne |

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

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




charge- The exposure time is also referred to as shutter time. FIG 4 is a
diagramillustrating the arrangenent of. pixels.. As sho e | ers . A
through | respectively represent individual pixels. Thewg§§@ mﬂ?éﬁé
arranged on a plane correspondi ng to the i mage. Asingle detector elenent
corresponding to a single pixel is-arranged on the sensor. \Wen the 'sensor.
captures the inmages, a single detector elenent outputs a pi xel val ue
corresponding to a single pixel forning the inmage' .. -For exanple, the

| ocation of each.detector elenent |n2?he X d rectlon corresponds to a _

| ocation in the horizontal direction of the inmage and the [|ocation of each
detector elenent in the Y direction corresponds to ,a location in the’

verti caindligecthOncvdhes birage. tnief @it o dior HiGo 5.14becget ector el enent
as the CCD converts the input light into electric charge for a duration of
time catHespondimh@ te@pdRershulihey it @gsoa&@f@QQ@@ukexeg smmeikgsultlng

el ectric charge. The anmpbunt of electric charge is substantially
proporttiiomal . to the intensity of input [ight and the period of time during
which light is input. During the period.of tinme corresponding to the
shutter tinmFIG.tHe idetaectioryrele iantusaddsinigo thiee salnaereynenac efrul at ed
charge, charge into which the input light is 6 Septenber 2005 23 I
conver trEkk el Spedisf isbaking, thiee l@dtteatsoR ehewegh ﬁnmegpetesve&he |nput Iight.

for a duration of tine correspondlng to .the :
represent 1nd;v;dual pixels. The pixels are arranged on a -

'plane corresponding to the 1mage. A-51ngle detector~element
correspondlng to & s1nglexp1xel 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 -

,gdetector element in the X dlrectlon corresponds.to'e |
locatlon in the horlzontal dlrectlon of the 1mage and the
locatlon of each detector element in the Y dlrectlon

i 1. .
corresponds to a locatlon in the Vertical direction of the
. vy . ’ . : oL . .

imege;

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 accumolates
:the resultlng-electrlc charge. The_amount of electric-

) oharge is substantially proportional to the intensity of
- input light and thedperiod of time‘during'which light is
input. During‘thg-period of time corresponding to the‘r
shutter time, therdetector_element“edds, to the,alreedy

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



shutter tine., ‘and stores the electric charge responsive to the integrated
light. The detector element is thus called .as having a t%ge integ@ tion
effect. The electric charge stored in the detector el emen? “PRICTERH ed
into a voltage val ue 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 value projected in
one di nmensional space, which is' obtained by "integrating, wth respect to
the shutter time, a gi-ven portion 6f%§n‘bbjett_ corresponding to the
foreground-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 i npubnobribaht spesPOnsi Vey ! orfibeqdfditor R@i&ﬁéwgiﬂ@e{%eﬁ_e , F(1)
represents a chronologi-cally ideal pixel value responsive to the input
light asHei phpott esgnal rbkme. aReheibhngs tOmEl GorbeshBaahagi 2gntat solid

| ines represent pixel values of the input inmage captured by the sensor. -
Ref erri sgutoefl Gimé, , ahheshorkzonhal ebeekencl tResgEepE8pEAL i e Hi XeEl _
values . of. an inage having a double density in the direction of time. As
shown, the shuégeatédnbigbt.t Bhesahsorctcr a @it ons 6:1Reptemiesg 2005 - 24
fromtime t1 to time t3, and is represented by 2ts. On the assunption that
the pi x@% haviegoi wiseéngheegration effect. ' : '

Thé-eiedtrié charge étored in theldetecfor.éleméht is
coﬁverted intora,voltage_?élue'by an unshown cifcuit; and
'fﬁe,VOItage value is_converted into é pixel value such as
.digiﬁal_gata, and‘ﬁﬁeh output. _The_indiVidual'pikel valueé
output fr§m the”éensoi have a value projected in one-'

. dimensi9nal sbaée,.ﬁhichris“oﬁfaihéd by;integrating, with -
respéct to the shutté£ time;-afgiﬁeh'portiqn-of.an'ébjéct
.éorresponding~to tﬂé-fbreérdﬁndsofthe background, and

;rhavipg a spati§i é;pan$e.' T

FIG: 6 pigés ﬁixel déta.of the sensér having an
integration\efféCt in'responéé to fhe ihput of light:
'rééponsive—to tﬁe input}"Referring to FIG. 6, f(t)
_répreéents a-chronoldgicallylideal pixel value responsive to

_the input light and infinitesimal time. | '

| Reférrinﬁrto FIG. 6, the ﬁo#izontal‘solid lines
represent pixél values Qf'the-input image caﬁtured by the
sensor. Referriﬁg to‘FIé; 6, -the horizontal brpkeh linés
fepﬁesent the_piﬁgl.values,gf‘an image'haﬁing a double“.-

"-density'in the-direction df‘tiMe. |

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




. pi ece of pixel data is represented by the. -uniform .integration of.an
- ideal pixel value f(t),.the pixel value Y1 of the pixel data corresponding

" to the duration fromtime tI to time t3 is expressed in @geRET é%, and
the pixel value Y2 of the pixel data corresponding to the duration from
time. t2to. time t3. is expressed in equation (2)., and the pixel value
Y3-out put. fromthe.sensor .is expressed in equation (3). z.1 VYl f(t)dt ,
isY2=J. f(t)dt 1 2is .Y3 =31 i f(t)dt 2ts 2 Equations (4) and
equation (3) . . Y1 = 2Y3 Y2 (2) (3) 2945) are obtained by rewiting (4) Y2
= 2Y3 - Y1 If the pixel. value Y3 ..value Y2 of the pixel data (5)

- -from time tl1 to time t3,'and_isrrepresented by 2ts.
On the‘assﬁmption that the pixel value_of a single
‘.piece‘of'piXei daté‘is‘represented by.the'uniﬁbrm
-':intégyation of.an:idéal pixel value f£(t), the pixel value Y1
of ‘the pixel data”gqrresponding'toithe'dﬁration from time tl
‘ fo time t3 is:expressed-inﬂequation (1),.and the pixel value
.Y2 offthe‘pixel déta‘édrrgspénding to the duration fiom time.
 t2 tC.time t3fis exprésseé in equatioﬁ*(Zﬁ;'and the pixei

value Y3:outputffrom the sensor is éxpfessed in eqUatibn {3}).

Yl":Iﬁfﬁjdt Lo o (1)
_"“1 T e |
-'?2.;-;f3fﬁﬁd£ Lo o ;2)
_. Ji A o _" L ‘ -
\ s .1
¥3 = [zfﬁwit- —
N 1‘_‘ i 2ts . (3)
T 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 time t3 are known, the pixel.value lebf the
pixel daté'cbrrésponding.to‘the durétioﬁ from time tl to

_time t2 is éalculafed from equation (4). If the pixel value




fromthe sensor and the pixel corresponding to the duration. fromtine t2
to tine t3. are known,. the pixel value Yl of the pixel data correspondi ng
the duration fromtime tl to time t2 is cal cul ated fr om e aEREBrEr €99 | 1 the
pi xel value 6 Septenber 2005 25 Y3 fromthe sensor and the pixel value Y1
of the pixel data corresponding to the duration fromtine tl to tine t2
are known, the pixel value Y2 of the pixel data corresponding to the
duration fromtime t2 to time t3 is calculated from equation (5). If the
pi xel val-ue of -one pixel and-one of ?ﬁe'pixel val ues of the pixel data
corresponding to the two durations with respect to the one pixel -are known
inthis way, the pixel value of the other of pixel data c0rresponding to

- the twoygluf abhofBei SefabsUbRd Clhe FbGieTAVRL LUSY T abes AR LIREE Lhak 1S
obtai ned by inmaging an object corresponding to a noving foreground and an.

obj ect corresponding t6& ehstahionasy baskoromadrishewsinmbhesobigect
corresponding to the.foreground horizontally noves fromthe left-hand side

to. the knght; heine psiele walberespectthe phrescagen. cbkCespbniibhystpates a
. nodel diagramin which the-pixel values in a: single |line of the inmage
i1l ust ridteddernat ﬂﬁbmutadevemopedtlmettBE1axc51CEMEthorfzoﬁtaI direction
of FIG 7B corresponds to the dlrectlon of space .Xin FIG 7A
' _equatlon (3). o . '
| 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 oue.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
1mag1ng an object correspondlng to a mov1ng foreground and
an object 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-oixel
- values in a. slngle 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 FIG. 7A. |
‘-The-pixels in the backgrouud area Haverpixel values
formed'bf-only‘the componeut of the image oorresponding to

the baokground o%jectrlhereinafrer referred to as'the

background component). The pixels lnathe foreground area -

~ have pixel values formed of only the component of the image .




- The pixels in the background area have pixel values . .fornmed of only the
-conponent .of the inage corresponding to the background o %e%t éh&@ﬁgnafter
~referred to as the background conponent) The pixels int *FBr %'_ nd area
have pixel values forned of only the conponent of. the inmage 6 Septenber
2005 26 corresponding to the foreground object (hereinafter referred to
as. the foreground conponent). The pixels in the. m xed area have pi xel

val ues of the background conponent and the foreground conponent. -Since
~~the pixels in the mxed area are f or f8d ~of t he 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. Ther £0465:08 RACKYr ONdr S &€3rbSnd@ H9FLEON(QEr LD FEXBd e BELR] ,
corresponding to a forward end of the. object of the foreground. in the
directiton of tRYefPErdgthei®ciomengens) { he covered background area, the
background iis covered with the foreground with the elapse of. tine. In.
contrast, tifreundeearsed batigturdl area ifsvie pOIdd10Rralafed her nined ar ea
corresponding to a backward end of the object of the foreground in the.

di r ect ilmclof ravonce nemiporerdt. dnd tties uhcover @ohd ackgseuedt . t Feirhackground s
appearing wth the elapse of tinme. In this way, an inmage, containing the
f or egr ourl,Pidrel s biac kgre unidsed her o vaer @ df daedd) rofinth e dreakgamand he

uncover ed ' : ' o : ' -
_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;'tﬁefﬁncbvéred baékgroﬁnd area is a portion
of.the‘mixedii%éq corresponding to a backward end Qf-the:
objéct of the féieéﬁouﬁd in 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 foreground

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




background area is fed, as the input inage, to each of the . franme menmory .
101, the correlation calculator 103, and the half-side p%é valg&)
generator 105.°- FIG 8 explains the background area, ‘the f @afwﬁﬁ area

the m xed area,: the covered background area, and the 6 Septenber 2005 - 27
~uncovered background... area. In view of ‘the inmage illustrated in FIG 7,

t he background area is-a still portion, the foreground area is a noving
portion, the covered background of the. mixed area is a portion where the
background transitions into the for@&round and the uncovered background
of the m xed area is a portion where the foreground transitions into the
background. FIG 9 is a nodel diagramillustrating pi xel val ues of al'i ne of
consec Uhh ¥&byrad rl@@@ﬁ@r@hﬁ@' srdgvelapegh din 4f MEn@X{gadd aMmbdBge. i the
obj.-ect corresponding to the moving foreground and the object corresponding
to the starienary thackgergpdunfohregxagphestilheppirxebs, athanged in a line
of the image are selected as a |ine of adjacent . plxels Pi xel val ues FO1

~ throughfFddgidhnstassedi s na Fh&rifgapertibesetnt tbeepbuehscrgrpgsgondi ng to

the object. of a still foreground, and pixel values B0l through B04 :
|IIustr@ﬁeﬂhermliédaaEEarEstaoserbiomheh@raetse0baeegpaﬁﬂdng to the object
of a sill background. The vertical direction fromtop to bottomin FIG 9

_repres&ﬁ@&i@@l&ap@e‘c@fthﬁ? ngorgheotog, siud thiethecovecedngl e shovvn in FIG
9 corresponds to. tinme at which the ‘ , ,
_ 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
'_ax1s 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 values FOl through F04 1llustrated in FIG 9 are’.

iy
those of the- plxels correspondlng to the object of a Stlll

‘foreground and plxel values BOl through BO4 lllustrated in
~FIG. 9 are those of the pixels corresponding to the objeot
of a‘S1ll backgroundf
The vertical direction'froﬁ top to bottom in FIG. 9

'reﬁresents the elapse of'time. The‘top side of the’ |
' rectaugle shown in FIG. 9 corresponds to;time at‘which the
conversionrof light incident on'the.seusor into electric
gcharge starts,Iaqd the bottoh.side of the'reotangle shown-in
Fin 9 corresponds to timedat which the conversiOn'ofalight

incident on the sensor into electric charge ends.



conversion of light incident on the sensor into electric charge starts,
and -t he bottom side of the rectangle shown. in FIG 9 corresponds . to tine
at which the conversion of-light incident on the sensor PREGEBPEEPPS ¢
charge ends. - 28 Specifically, the distance fromthe top side to the
bottom side of the rectangle refers to the shutter tine 2ts. In the _
di scussion that follows, the shutter tine 2ts and the frane interval are
equal to each other The horizontal directionin FIG 9 corresponds to the
.direction of space X di scussed with4%ference to FIG 7. Specifically, in
the exanpl e shown in FIG 9, the distance fromthe |left side of the
rectangle desi gnated"F01" to the .right side of the rectangle designated

B0d" agoshowachiy bl Gthe9d99t55590@95mt eyl 9B LS chherdl Kl Bt o,

nanely, correspondS to the extension of 8 consecutive pixels. . t he

obj ect @f gkhgef eregreerdngnd EE?eQQJ%QttHE EH@tQ@%k%&%B”Qtére stlll I ght
i nci dent on the sensor renai ns unchanged f a duration of tine. o

correspondi ngy tnd hei sbws s £5n tha® foPisws, Ttteedslnatt@ﬁ oimbi pes
corresponding to the shutter time 2ts is divided into at |east two. equal

| engt h spgmenéscrbme igxamphe, awbesqgaaVi tbuahcHi wicser . nunber.. is 4, the
nodel illustrated in FIG 9 becones the one as illustrated in FIG 10. The

virtual divi®es munbesnisl seéirepciaking FIG0 9 acepdaspbhes atd ubhe of
novenent v of the object correspondi ng the foreground within the shutter
time 2tdirection of space X dlscussed w1th reference to FIG. .7. '
Speclflcally, in the example shown in FIG. 9; the distance
from the left oide ofrthe}rectangle designatedi"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 remaino |
‘unchanged for é duratlon of tlme correspondlng to the :
' shutterJtlme 2%@ |
The duratioh of:timé correéponding to the shutter time‘
'2t$:is divided into.at‘least two équal length segmeots. For
exaﬁple, When a virtual diﬁisor‘numbertis 4,lthe model- |
illustrated.in FIG. 9 becomes the one as-illustrated in FIG.
tld. The virtual diﬁisor oumber is-sét up.taking into
‘.accoﬁnt the amount of movement-v of.thé-Objéct corre3ponding
" to tho‘foreground,within the shutter time 2ts. |
The amount q§ movémeﬁtlv indicatos-a variation'in‘the
';position_of the image corréspohdinglto fhe:mOVing objeot in

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




The anmpunt of movenent v indicates a variation in the position of the

i mage correspondlng to the noving object in units of plxeé s&aC|ng %f
exanpl e, when the image of the 6 Septenber 2005 - " obj &8ePBYY 6%%0ndi ng
to the foreground noves and appears spaced -apart by four pi xel s on a next
frame with respect to the original position in one given frane, the anount
of novenent v of the inage of the object corresponding to the foreground-
is referred.tb as 4. For exanple, the virtual divisor nunber is set to 4
when. t he anmount of novement of the ol%ct is 4, and the duration of time.
corresponding to the shutter time 2ts is divided-into 4 segnents. The
topnost row illustrated in FI'G 10 is a divided .segnent at the beginning

of the &@f@bﬂgcgirésﬁgHaﬁgﬁ téeﬁﬂ df59$%kbhﬁathébag ﬁutFI%b hds S 2 di vi ded

segnent cones second fromthe opening of the's hird row

ilTTustragedednafhfs 1P Fsud HEXeggdoﬁeQnﬁ@%tt@thgo%g e%geckr% m the

openi ng of the shutter. A fourth rowillustrated I's a divided

segnmenttidadr LoIES1 f o651 Pibr ot Bseogs%ﬂgfQLméhetﬁeualéneﬁntTB% shutter time
2t s segnmented 1 n response to the ambunt of novement v is also referred to

as shutmcwememe v2otsthy Vheget be ohkeebseetrr espendphnadt aqt ke, tareground
is.:vstill, the light incident on the sensor remains unchanged.. The
foregrmmmtgxmummmﬁs f%ﬂéﬂre@uao5a5a4yalue which is
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. ‘tbﬁfqost row illustrated in FIG. 10 is a divideu
lsegment et:the begrnning 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 movementrvnis also referred to as shutter time
S 2ts/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-




obt ai ned by dividing the pixel value FOL by the virtual divisor nunber.
Simlarly-, when.the object corresponding to 6 Septenber ég § gx% o
foreground is still, the foreground conponent F02/v equal ﬁgﬁf hat is
obt ai ned by dividing. the pixel value FO02 by the virtual divisor nunber,
the. foreground conponent F03/v equals a value that is obtained by
~dividing the pixel value FO3 by the virtual divisor nunber, and the
foreground conponent FO04/v equals a value that is obtained-by dividing
.the pi xel value FQ4 by the virtuar dPvisor nunber. Wien the object
correspondlng to the background is still, the light incident on the sensor
remai ns unchanged, and the background conponent BOl/v equal s a val ue that

is . ObEﬁbnEQrQ%thdwg LDy pi gL - £o VAL HEL Y LBy &h‘ﬁ%{“fég% . di visor

nunber Simlar en t e object. correspondlng to t background is still -
the backghawsds coaPREept 2 024 dob £4UALS @yvawfdm@tthé %P&éln@QlQé( di vi di ng

t he pi xel value B02 by the virtual divisor nunber; ackground conponent.

BO3/ v eggal syatnal verthat &svobdAi neshbdy, diné df@ﬁegfdsnsnal X&hpN¥Rbye BO3 by
the .virtual divisor nunber, and the background conponent B%4/v*equals a

val.ue -t hag/isegbhiné nedv@yu@h vhai nOs  diea phel by adi et BOdg byné heiyér tual

di vi sor nunber. In other words, when the object corresponding to the

f or egr ovatlu&sresiby, tmeghirtmaﬁndhﬁﬁsmm1ﬂﬁmbeensmmﬂaﬂwe fepegespendi ng to
t he object of the foreground, -remains .unchanged for the-duration. of tlne
cor r espoomibogeto Fhe/v séutdls 4 el @ sthafhies ecﬁlmtma,nedleby odegx@im@

- conponent FO1/v

_ ‘the pixel value F04 by the virtual divisor number.

When the object‘correspohding to the background is
s£;11, the light incident on the sensor remains unchanged,
“and the backgrouﬁd component B01l/v equals a value thatrie_

.aobtalned by leldlng the pixel. value vol by the v1rtual
'.d1v1sor number. Slmllarly, ‘when the object correspondlng to -
'lthe background'ls Stlll the- background component BOZ/V_.
equals a value ‘that 1is obtalned by d1v1d1ng the plxel value.
X :
.BOZ by +the v1r£ual d1v1sor number the background component
BO3/V equals a value that is obtained by dividing: the plxel'
.'value BQB by the_VLrtual divisor number, and the bachground
~'component B04/v equals a value that is obtained by-dlviding
- the-pixel value B04 by the ui:tual divisor number. |
In other words; when the objeéct correepohding to the
“-foreground is'still, light,-incident.on the sensor and
corresponding'to'the object of the foregﬁouhd, remains
‘:unchanged for th%:ourationjof time corresponding.to the
"shuttef‘time 2ts;r-Therefore, the foreground cOmponenu”FOl/v

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




for the shutter tine 2ts/v that cones first fromthe opening 6 Sept enber
2005 31 of the shutter, the foreground conponent FO /v . fgg ; qﬁeg&}ter
time 2ts/v that comes second fromthe openi ng of the shut PP
foreground conponent FOl/v for the shutter tine 2ts/v that conmes third,
fromthe opening of the shutter, and +the foreground.conponent FOl1l/v for
~the shutter time 2ts/v that conmes fourth fromthe opening ofthe shutter
becorme the same val ue- The sane is true of F02/v through FO4/v.  Wen the

" object.. corresponding to the backgrédnd is still, light, incident on the
sensor and corresponding to the object of the backgr0und, remai ns unchanged
for the duration of tine corresponding to the shutter tinme 2ts. Therefore,

the baC&ErQH@dsE@G@@Pe“%h@oﬁéye%95uﬁﬁecéﬂﬁéﬁéﬁt rbi e 2h$/ ¥pe that comes
first fromthe opening of the shutter, the background, --conponent BOl/v for

the shuskeftdi MBimd SE¥s /¥ 4chhbhatoR@8eS 866N bhOthEhEpeReALNG O L e
shutter, the: .background conponent B0Ol/v for the shut?er tirme 2ts/v that

cones tQMuﬂtéfOﬂtE@ef@ﬁ@@r@@n@fc@ sbyt tes1 /andothenbagkge ewpd sgaponent
BOL/v for-the shutter time 2ts/v that conmes fourth from the opening of the

shut t er2-betonend hecaade twemefr&hetlsen@peﬁlﬁ@ uerothB02huttBroughaBO4/ v.
Di scussed next is the case in which an object corresponding to the - -
f or egr otinel fr epro urgd Whothponamt o) BLE f@nrthepohdtﬁgrtolmhezbaﬁkground i.s
stationary.. FIG 11 is a ,nodel diagramillustrating the pixel -

_that comes fourth from the‘openlng of.- the shutterrbecome the

same value. The same is true of F02/v through FOé/v;

.Whenhthe object_correspondinglto the background is
. etill 11ght 1nc1dent on. the sensor and correspondlng to

the object of - the background remalhs unchanged for the .

duratlon‘of tlme corresponding to the shutterhtime'Zts;“'“'“t

Therefore the-backgrouud'componeht BOl/v for~the*shuttern

tlme 2ts/v that comes first from the openlng of the shutter,

-the background component BOl/v for the shutter trme 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 mov1ng whlle an object
' correspondlng to the ‘background is stationary..

FIG. 11 is a model dlagram 1llustrat1ng the pixel

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




val ues of a line of pixels developed' in the. tine axis, 6 Septenber 2005 -
32 wherein a covered background is present with the objecé oorreﬁ&ﬁpdlng
to the foreground noving rightwardly.. 'Referring to FIG ?i e“arpbunt of
novenent v of the foreground is 4. Since one frane is a short perlod of _
time, the assunption that the object corresponding to the foreground is a
solid body and noves at a constant speed holds. As shown; the inage of the
object of the foreground is shifted rightwardly by 4 plxels on the next

- frame-with respect to a.given frane. SReferring to FIG 11, the |eftnost

pi xel to the fourth pixel in the frame fromthe | eft - hand si de -t her eof
belong to the foreground' . area. The fifth pixel to the seventh pixel

bel ong #Rethen #i x,sdeeeeabam@g@uhé 8sCcpyeL e backgr pndogs €8,  Referring
to FAG 11, the rightnost pixel belongs to the background area.. .Since the

obj ect @brteep&@aeg@ouadtnevgéregﬁoanaameeinéughghhﬁérai covers the obj ect
of the background with the elapse of tinme, conponents contalned inthe .

pi xel  vReéfnesrohg tberpexels, behongnegnt oo heotenenedvbagckaround area change
from the background conponent to the foreground conponent at a point of
tine w fhregtbenduiat i on Dfnddhershuidere tise A riThefioklofvalites M-
“enclosed in a solid box as shown in FIG 11 are expressed by the follomﬁng
equat|ohh¢6$$$uthB©QIVh&t tBO 2] ec E0Fd wresFOBAIngG 6)o Ashed | | be dlscussed
Iater u5|ng equation (8), a: —
. foreground is a SOlld body and moves at a constant speed
lholds. "As shown, the image of the object of the foreground
is shiftednrightwardly;byk4 pixele'on:the next frame with
rrespect to a given frame. - .
Referrlng to FIG. .11; the 1eftmost pixel to: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 atea;
_Referrlng to FiG ;l, the fightmostrpizel beiongs to the
"-background areg | | |
,Slnce-the object of-the foreoround moves'in a manner
-'such that it covers the object of the}beckground,with 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 eqnétidn {(6) . . .
| 'M=302/v‘+ BOZ2/v + FO7/v + FO6/v | (&)

.As will_be_discussed leter using eguation (8), a




m xture. ratio represents a ratio of a backgfdund conponent of the pixel

value.  Hereinafter, the mxture ratiois represented by a For
the fifth pixel fromthe |eft-hand side contains the backaﬁﬁﬁﬁ@b%'ﬁggnent
- of a single shutter tinme 2ts/v and the foreground conponent of three
shutter tinmes 2ts/v, and the fifth pixel has a mixture ratio a of 1/4.
Since the sixth pixel fromthe | eft-hand side contains the background
component of two shutter times 2ts/v _and the -z, foreground conponent of
two shutter times 2ts/v, the mixture3fario a thereof is 1/2. The seventh
pi xel fromthe |eft hand side contains times 2ts/v and the f or eground
2'ts/v) and the mixture ratio -a thereof-is 3/4. Wen it is,,. assuned

that. theyeQbheet+9b LherEQLRELONNELLS,8,80h1 HabRYYoARE EBME%n@Bta const ant
speed so that the image of the foreground appearsS shifted pi xel s on-

the nexgr theapexeih@aigeeground conponent FO7/v of t he fourth pixel from
the |l eft-hand side as shown in FIG 11 for the first shutter tine 2ts/v-

from the opening fridie, st trerxaoual sathe foregsouns eaapopent of the
fifth pixel fromthe left hand side as shown in FILG 11 for the second

shutter tinmFoRtelamgTomite DiperH neiodl theomshilid elert4kewnd s€idé he .
f oreground conponent FO7/v equals each of the foreground conponent. of the"
si xth pcaetainsntmeebaoboreum@dcsmﬁenest 6f8ep$éu@he Qﬂﬁﬁter time o .
2ts/v and the foreground component .of three shutter tlmes
2ts/v, and the fifth pixel has a mlxture ratlo ‘o of 1/4. -
Since the sixth pixel from-the left—hand side contains'the
) baokgrouﬂdrcomponent of two shutter timeSVZts/u and ther |
3foreground component of two shutter times’ 2ts/v the mixture'
jfrat;o o thereof is 1/2. The seventh plxel from the left—'
hand side-oontains.the background component of three shutter"
times'zts/v and the foregrOund component-of one shutter time“
'2ts/v; and the\mlxture ratlo o thereof is 3/4
When it lg assumed that the object of the foreground 15.;
' elsolld body'and moves at_a.constant.speed so that the 1mege'~
fVOf the foreground appears shifted by 4hpixeis on the:next
:frame, the foreground component F07/v of the fourth pixel
from the 1eft—hand_side as shown in FIG. lllfor theufirst;
Shutter time 2ts/v.from the_opening of the shutter equals
the‘foreground component o0f the fifth pixel from the left—r
hand side aS'shown-in FIG. 11-for the second shutter time -
._2tS/V from the ogening of the shutter.l'Likewise,-the
foreground component FO7/v equais each of, the foreground

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




- 34--shown in FIG 11 for the third shutter time 2ts/v fromthe opening
of the shutter and the foreground conponent of the sevqug &a%gl &fon1the
| eft-hand side as shown in FIG 11 for the fourth shutter TR SfSP Y from
t he opening of the shutter." Wen it .is assuned that the object of the
foreground is a solid body and noves at a.constant speed so that the inmage
of the foreground appears shifted by 4 pixels on the next franme, the

f oreground. conponent FO6/v of the third pixel fromthe |eft-hand.side as
shown in FIG 11 for the first shuttéf tine 2ts/v fromthe opening of the ;
shutter equals .the foreground conponent of the fourth pixel fromthe left 1
hand si de as shomn in FIG 11 for the second shutter tinme 2ts/v -from

thef torenoig of £he SMILLEE oll ket 58 < iie. o] OF BOL Oind/ GORPGReR e FO6/ . v

equal s e foregroun conponent the 1ifth pix romthe

lef t-hapdeside @8 ShOWLY P&l Gdnéltﬁ@rfw@gwuﬁ@ SbHbLRERLI B Ats/ v from

the .opening of the shutter and the foreground conponent of the sixth

pi xel - f & opadk he befdr hancnsigle Bsrehowwai i & Gis 1dnéen therfourih shutter
time 2ts/v fromthe opening of the shutter. Wen it is assumed that. the

obj ect phrtiige f o5 @gEUMGLEBer ar 180! 2 € POdyr&ACL HBVESeRing EoNshant speed so
that the image of the foreground appears shifted by 4 pixels on the next
frame, simetfer eground conponent FO5/v of the second. plxel ‘33 5 : fromthe

~left-hand side as shown in FIG 11 for the first
When it is assumed that. the object of the foreground is

a solid body and moves at a constant speed so that the 1mage_

',of the foreground appears shlfted by 4 plxels on the next

frame, the foreground component F06/v of the third plxel

from the left hand . 31de as shown in FIG ll for the first

rrshutter time 2ts/v from*the openlng ofjthe shutter equals

 the foreground component of‘the'fourth pixel from the left-
handdside as'shownﬂin FIG. 11 for. the'second'shutter time

| 2ts/v~from the\openlng of the shutter Likewise the

‘ h y
- foreground component F06/v equals each of the foreground

7.-component of the fifth pixel from the ‘left-hand 51de as
:,‘shown in FIG. 11 for the thlrd shutter tlme 2ts/v from the
ropening 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.assumed 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



_shutter tinme 2ts/v fromthe opening of the shutter equals the foreground
conponent. of the third pixel fromthe left- hand side as; 8 ‘ﬁwn ?OAEJJG 11
for the second shutter tine 2ts/v fromthe opening of t R SR 00> :
Li kewi se, the .foreground conponent. FO5./v equals each of the foreground
conponent of the fourth pixel fromthe |eft-hand side as  shown in FIG 11"
for the third shutter tine 2ts/v fromthe opening of the shutter and the
f oreground conponent of the. fifth pixel fromthe left-hand side as shown
in FIG 12 for the fourth shutter-tBfe-2ts/v fromthe opening of the
shutter. .Wen it is assuned that the object of the foreground is a solid
body and noves at a constant speed so that the inage of the foreground

appear sesbh [1Rd Pycd PLAS! 880 10e06x] 1 a0F, the Loreground component

FO4/-v © nost |xe as- shown in hutter time

2t s/ v fneunn&pg«fsggnz@gwfﬁ@ﬁ WtLSL, S0 8 Lhe ;ﬁugggugc?ﬁ fponent - of -

t he second pi x romthe shown

second @Mtf@fe@,wenatééﬂpéﬁant&e sp@nﬁmgr&f%wgoﬁws&e Likew se', the

foreground conponent FO4/'v equals each eground conponent of the

third phaed 1aaihesh &bl -hansisi der assshaw d8-FA S sidefOF {41 third

shutter -tinme 2ts/v fromthe opening of the shutter and the or egr.ound

~ conponentsof #hen Fone tdpdxel & omd muefdr hand kewSept ermper 2005 - 36
'side as shown in FIG. 11 for the fourth shutter tine 2t's/v -
foreground component FOS/V equals each of the foreground
:component of the fourth plxel from the left—hand side 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




fromthe opening of the shutter. The foreground area corresponding to. the
nmovi ng object. contains a notion blur in this way, and na% thu§m%alled a
‘distorted area. FIG 12'is a nodel diagramillustrating t 2 3? . Val ues
of -aline of pixels developed in the tinme. axis, wherein an uncovered
background area is present with the object corresponding to the foreground
nmoving rightwardly. Referring to FIG 12", the anmount of novenent v of the
foreground. is 4. Since one frane is a short period of time, the. _
assunption that the object correspondéng to the foreground is a solid .
body-and noves at a constant. speed holds: As shown, the inage of the object
of the foreground is shifted rightmardly by 4 pixels on the next. frane '

W th respactal OsRo0h Vel Hﬁe pLRede £h09eE0-H Gond 2ol e A pixel to

the fourth :..pixel fromt srde |l ong to t ground area.

The. frffﬁoﬁrggé P48 seventd Qﬁg@{epelong to the mxed area, which is an
uncover ed background area. Referring to FIG 12, the rightnost pixel '

bel ongs to the foregnuih aes ccﬁ'ﬂ&%dﬂ&.@l&?ttr@ g dPragrund: . which
has covered the object of the background, nmoves wi'th the el apse of trne i'n
a nmannefostEing hatmébeowbhpet Of thes fRaLUr odthi$ bé eomyedeafram4 he front
of “the background object, the 6 Septenber 2005 - 37 conponent .contained in
t he pi x@lswvatted oirea pi xel bel onging to the uncovered background area
changes fromthe foreground ,

- FIG 12 is a model dlagram 1llustrat1ng the plxel

. values of 'a line of plxels developed in the trme_ax1s,

L

wherein an uncovered background area is present w1th the
object correspondlng to the foreground mOVlng rlghtwardly
- Referring ‘to FIG. 12; the amount of movement.v of_the

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

the-assumptiOn that the object c0rresponding'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

v :
is shifted rlghtwardly by 4 pixels on the next frame with

.respect to a glven frame.
Referring to FIG.;iZ,rthe leftmosr pixel to the fourth
1ppixel_from the leftmhand side-beiong tO“the'background area,
The fifth pixel to the seventh pixei'belong to fhe mixed
'area; wnich is an'uncouered background‘area. Referring to
< FIG. 12, the rightﬁost piief belongs to' the foreground area.
Since the object of tne,foreground4 which has covered_
fhe.object of-th%-background; moves with the eiapse_of time
in a manner euch‘thar-the object of the foreground is

removed from the front of- the background ocbject, the



conmponent to the background conponent at a point of tinme wthin the :

duration of time corresponding to the. shutter time 2ts. The §¥?§#-value

M enclosed in a solid-line box in FIG 12 is expressed ?ﬁe@ﬁﬂ i (7) '

M =F02/v + FOl/v + B26/v +.B26/v (7) For exanple, the fifth pixel fromthe

left-hand side contains the background conponent of three shutter times.

2ts/v and the foreground conponent of one shutter tine 2ts/v, and the

fifth pixel. has a mxture ratio a of _3/4. Since the sixth pixel from:

t he.l eft-hand side contains the backagound conponent. of two shutter tines

2'ts/v and the foreground conponent of two shutter.tines 2ts/v,. the

m xture ratio a thereof is 1/2. The seventh pixel fromthe |eft-hand side

cont ai NSorhén HRE kg LATh6@NPENENE Pixonevshubter &ipex2t shyiangitde :

f oreground conponent -of three shutter tinmes 2ts/v, and the mxture ratio a

"t her eoto|6hé/wncw@m@m@¢k@ﬂmlﬁ@)aﬁm ¢Hangee gemrahezedre@f@umxel

value Mis expressed by equation (8). = aB + Fi v where a is a mxture :

ratio, ®msomept xed wab usdofgtdend (S)mbpacdgt oanda pothEi 6% tima foreground

- conmponent. 6 Septenber 2005 - 38 Since it is assuned that the object of
t he forwgﬁmnmmkhe duration of tlme corresponding to the shutter

tlme 2ts.
. The pixel value M* enclosed in a-solidmline box in FIG.
212 iscexpressed.in eguation (7). |

M'=F02/v + FO1l/v + B26/v + B26/v  (7)

For{exampie, the fifth nixel?fron the left-hand side
conteins‘the background component'of three shutter times
2t87u and the foreground component-of Qhe shuttex time 2ts/v,

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

: 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 QQthions;(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.



is a solid body and noves at a constant speed, and.-the anobunt of novenent
v is 4, the foreground conponent FO1/'v of. the fifth pixe fron1t2$

| eft-hand side as shown in FIG 12 for the first shutter® et &P trom

t he opening of the shutter equals the f oreground conmponent of the sixth

pi xel fromthe |eft-hand side as -shown in FIG 13 for the second shutter
time 2ts/v fromthe opening of the shutter. Likew se, the foreground
conmponent FQ01/v of the seventh pixel from the |eft-hand side as shown in
- FIG 12 for the third shutter tinme 38siv fromthe opening of the shutter
‘equal s the foreground conponent of the eighth pixel fromthe |I|eft-hand
side as shown in FIG 12 for the fourth shutter tine 2ts/v fromthe opening

f th hut t t t hat th b t of the f d i

sol i d body A r?o\i'ecejaslt ERES S L b&ﬁeﬁ IRt St o TBehent v is
4, the f t_F02/ f_ th

|l ef t - ﬁangrglgsr Celfgcg s OQI% n BrEs ‘1’@‘—? % or Cog a geeﬁm &nﬁ“ﬁe 2ts/v from.
th f t h
el " hdth ot P@?‘f%l%ﬁrs.%aéé 5 %m%?% ﬁ%?t‘?g SOHBERERE BULEhP P it or

tine 2tgly #4 tquﬁ)pe%e ?%etﬂ_ﬁfts-— A8 s1gd] §§¥ﬁ8‘ﬂntbﬁ ﬁ?ﬁegié’“”d

conponent FO2 rreground conponent e.erghth prxel from

the | efgshangh Sfagr_est a§h1§@9é!‘i‘.?' &l G A2 f%mth@et%éﬁlﬁﬁ'%%e{hé' me 2ts/v 6
- Sept.enmber 2005 - 3 9 fromthe opening of the shuttier. Since it is assuned
thai trEhdﬂﬂéﬁﬂedﬁaﬂgmtﬁé"fﬁEé&E&hnd component of the sixth plxel :

from the left—hand s;de as shown in EIG.'lS for.the second
shutter time 2ts/u'trom-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 fofsthe
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?ithehopening 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
n'the sixth'pixel-from the left—hand‘sioe 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

.Jfromrthe 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‘comoonent of thereighth'pixel from the'left—hand

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




- of novenment V. Sim

is a solid body and noves at a constant speed, and the amount of novenent v
is 4, the foreground conponent ‘FO3/v of the seventh pierGEr &%Eh 005 -

| eft-hand side as shown in FIG. 12 for the first shutter e 26871 from
t he opening, of the shutter equals the foreground conponent of the eighth
pi xel fromthe left-hand side as shown in FIG 12 for the second shutter
time 2ts/v fromthe opening of the shutter. Referring to FIG 10 through
FIG 12, the virtual' divisor nunber is 4, but the divisor-nunber may
respond to the anount' novenent v.“ $He-anmount of novenent v, in turn, is
typically responsive to. the speed of novenent of the object of the:
foreground. For exanple, when the object of the foreground is noving in a

manner such £§§toﬁéniﬁé?§£“@£9|¥h pears by 4 pixels on the 'next frame:

with respect to a cert franme, thée amount of novement v of the object is

4 The virtuslngl vieors NHDGRed SIUS R0l 0.0e deliyi eoponseytgythe amunt:

e obj ect oreground™is noving in a

manner sych fhaig ﬁéd#e$ﬁ&ﬂ&§$¥sa@9€§r56§§t§n9iéﬁééd?nahhetHQXT_fra”? “ﬁth
respect to a certain Tranme, the anount of novenent v-of the object is 6.

The-Vifém@%nﬂide@ﬁv@M@@@Fvi§stbyst§@Tfé§e§§o§ndiBoﬁF§HQH§3F99/€h6fa”Duntr
of nmovenent v. FIG 13 and FIG 14 illustrate-the relationship between 6

Sept enbgtic 2005e¥6h pieeT of eghoting Pepa-hifie askgrousHornean and.the nixed
area. conposed of the covered background:portion and-the uncovered - '
backgr aLmdf quorthong i tkes cshibete aboves ZEEV¢hEr$mregéoupdhing,of the
tshuﬁter equals thé'foregrgund comﬁonenﬁ of-tﬁé eighth pixel
from therieftQhénd‘side.aé'shown in-FIG. l2 for'the secbnd
‘éhuttér §ime'2ts/v from-thé'openihg of‘the shqtter. |
:"jRefe;fing £0 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;:.

is typically reSpohsiVe'to_the speed bf'ﬁbvément'bf the

i

:object of the foreground. For example; when the object of
'tﬁe‘foregrouﬁdégs‘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




component and the background conponent responsive to the segnented shutter
~tinme. FIG 13 illustrates. the pixels of the foreground a#g ; t@e 005
background area, and the m xed-area extracted fromthe i §%°%F‘¥%
foreground corresponding to the object nmoving in front of the stationary
background. As shown, the object of the foreground horizontally noves with
respect to the. screen. A frane.#n+l is a frane subsequent to a frame #n,
and a.franme #n+2 is .a frane subsequent to the-frane #n+l. FIG |IIustrates
a model in which the pixel values —.6f pixels are developed.in the tine
axis, wherein the pixels are extracted fromthe foreground area, the
background area, and the mxed area fromany of the frame #n through the

frame#n Olfe ﬁse?% S AOUAL 5 Oftﬁeve%a@%reru hs 99 &reﬂadu}g&@ e.dq Soce the

obj ect reground nbves I Xe ues int oreground area:

i ncl ude.§purs g%fé@rere c&@éf&&%‘é‘@k&%@ﬂ&%&?tf&ﬁr%@% NghiQ¢d gy shut ter

~times 2ts/v r exanpe, the leftnost.one of the pixels in the foreground

area showd+odd & pdAeidig) L@@sscfpééd,a@@év,an@@ﬁa f@f@gf@dﬁd I'n other

wor ds, the prxels in the 6 Septenber 2005 41 foreground area contains a

mot i on’ Rdfondihe HRi ette Wadingr Haek G SHPSN E£FBE8SpShé 1 te BHOLhE ght
i nci dent on t he sensor and corresponding to the background remai ns
unchanmlgﬁiéﬁmtgrmmtﬁéhe thieat i on of time : : :
| FIG‘ 13 1llustrates the plxels of the foreground area
the baokground area,-and the mlxed .area extracted from the
image of the foreground cdrrespondlng to the ob;ect;movmng_
in frontﬁof'the stationary backdrbund. As ‘shown, the'objectf
of thedforedround horizontaily,moves:with respeet to the
ecreen | | -
A frame #n+l is a frame subsequent to a frame #n, and e
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-ertracted from'tne foreground area,.the background area;
“and the mixed 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 foreground.moves, the pixel
“values in the foregrOund area include four different
: foreground components,eorreseonding to the shutter times
2ts/v. For exang;e, 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




corresponding to the shutter tinme 2ts. In this case, the pixel value of

t he background area includes no notion blur., The pixel v sbof2

pi xel s belonging to the m xed area forned of the covered E?ES}Shn porti-on
or ‘the uncovered background portion include the-foreground conponent and

t he background conponent.. Di scussed next |s a nodel in which pixels are
consecutivel y arranged'in aline in each of "a plurality of frames and

pi xel- val ues of the pixels at the sane positions, across. the franes ii are
devel oped in tine axis when the imagél -of an object - is., noving.. For
exanpl e, - when the ‘i mage of the object is horizontally moving wth respect
to the screen; a line of-pixels on the screen is selected as the |ine of

consecu{,&velé{ arcﬁa d Q$X€£fﬁs F$§Po%§ohsbfu del diagramillustrating the
pi xel . U The" 0 adj acent pixéels at "the sane position across the

three frane evgl-aped in ﬂ%iﬁ? Wher s - mage of .-
t he obj ect ?%q%hzhstatlonarfyq%ac groundzgﬁﬁﬁranﬁyi £ﬁ§ %éb%ubsequent
to a frames fend . &fﬂdt@ef BB, #ing %ﬂ'éo@rééﬁé@d%@s‘égu‘éﬂé Bgckefouﬁ@ne #n. - The

sane. desi gnati on ap les to e ot her” frames Sept enber 2005 - 42
© remains unchanged throughout the duratlon of time

o cor:espondlng to,the_shutter tlme,Zts.  In_thls case, the
rpiXQi value éf the'backgfound‘area inéludés no mofioh‘blu#;
The pixe17Vélues of.the;pixels béionging térthé migéd_‘f
area formed of the covered.béckgrbund,éortibn bi'the
:ﬁncbverag'backgrOuhd portion includeithé.fbrggfound
coﬁponent and thé backgrdund component,
| eriscuésed:nekt is afmodél in Whidh‘pixeis are :,
~consé¢ﬁtively,arfanged3in a'line in eaéh of a plurélity:ofr n
frames and pixei vaiues of thé pixels at the éamé posiﬁions.'
.écrosé.the‘ffameé are,de&élbﬁéd in time axisrwhenrthe image: 
.0of an object lg.ﬁOVlng For exampie when the iﬁage of ‘the
object is horlzontally mov1ng with respect to.the screen, a
‘line ofiplxels on the screen is selected as the line of
ébnsecutivelf éfranged'piXéls.
FIG. 15 is armodei diagram illustrating'fhe.pixel
A'valués of a line of\adjaceﬁtipikeis at the samé positién
across the three frames devéloped in time;axis, whefein the
pi#elé,form.an imagg'of'the object of the siationary |
_backgrouﬁd; A'fqgme #n is a f;ame_subsequent to a frame #1-
l,Aand'a_fiame #n+l is a frame subsequent to the frame #n.

~ The same designation applies to the other frames.




Referring to FIG 15, pixel values BO1 through‘Blz are the pixel values of
t he pi xel s corresponding to'the stationary background objggétaﬁkpg 5the._
'ng

background object remains -still, the pixel values- of the cor%espon g

pi-xel s remai n unchanged fromthe The pixel in the' frame #n the sane
position as that the pixel having a.pixel value of B0O5 in the frame #n-I|
respectively have the BO05. pixel value FIG 16 is a nodel diagram"
illustrating the pixel values of a |ine of . frames devel oped in stil
background pi xel s at the same posiTi®A across three tine axis, in which the
object of a frame #n-1 through the frane #n+l1. and the pixel it the frane
#n+1 at and the object of a foreground noving. rightwardly asp: shown FIG

16, . cont ai %32 163Pky ek The Myele IJsid At i uhpusr £ hackgr ound |
portion. Since it. iI's assunmed that the. foreground object is.a solid body,
and nDVEse giideConshady spegtk @dbided BaSHMding to the | o
o statignafy background_object- Since the'baékgrouﬁd ijédt:'
femains still; the pixel valués'of‘the corfespdnding pixels
" remain Unchénged from thé frame #nletﬁrough the frame #n+1.
The pixel in the7fraﬁé #n and the.pixei.iﬁ thelframe_#ﬁ+l at
the same position as thét\of the pixel havihgha.ﬁixel value
of 565 in the frame #n-1 géspedtively'have'thé*pixel ﬁélﬁé.
BOS. |
‘ FIG.ilé ié a model diagram illustrétiﬁg the pixel
:values of ariine of pi#éls-atthe saﬁe;pOSition ac£oss ﬁhree‘
frames deﬁelopéd in‘time-égis,-in_whi§h the bbjéct df.a |
still backdroﬁndxénd 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




the foreground appears rightwardly by 4 pixels on the next frame as shown
in FI'G16;the anount of novenment v is 4, and the virtual V|sor Q&fb Ts
‘thus 4. For exanple,. the foreground conponent of the | ef ?

the frame-#n-1 as shown.in FIG 16 for the first shutter tlne 2ts/v after
the opening of the shutter is F12/v, .and the foreground conponent of the
second pixel, fromthe left-hand S|de as shown in FIG 16 for, the second
shutter 6 Septenber 2005 - 43 tine 2ts/v after the. openi ng of the shutter
is also F12/v. The foreground conporent- of the third pixel fromthe left
hand side as shown in FIG 16 for the third shutter tine 2ts/v after the
opening of the shutter and the foreground conponent-of the fourth pixel

from thehelschapd shde onesngun. by BEGLOM AL LhesLounth shutter time

2ts/v after t e openi'ng o econe /v éground

conpone@reoforgsrrsfanesfﬁﬁhgﬁk b@a%HS fﬁ glxéla%r ﬂowa | LG 16

for.the second Shutter ti s/v ter t e opening of the's Gtter . '

F11/v, padat beae f 05 egropnd; sopanent of -t hg.seqond Rixekfr eapkhe.
Ieft---hand side as showmn'in FIG 16 forthe third shutter tinme 2ts/.v after

the opepisgy ofstéhecsbuspehihg 8FSenEldhutcIheahar egrowndegepparent of the
third pixel fromthe left-hand side as shown in FIG 16 for the fourth

‘shuttercéipenis/vf ahéerouthe ppesingreh the sbuktarnbesoresaflllv. The -
foreground conmponent of - the l'eftnost pixel in the frame #n-1 as shown
in' H(EsﬂdhﬁcﬁntFEGIhlﬁdfﬁhUthérfouﬁfh shutter time 2ts/v after the =
opening of the shutter become F12/v
' The foreground component of the leftﬁoSt—pixel in the
Jframe #néllas shown in FiG- 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 leftmhand
. "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 third pikel,frOm the'leftehand‘_r.
81de asthownlin FIG.'16~for the fourthrshutter time 2ts/v.
'efter:the openrhg of thershutter'becomes-Fll/ﬁ; |
| The'foreground component of the leftmost pixel 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




2ts/v after the opening of the shutter is F10/v, and the foreground .
conponent ' of. the second pixel fromthe |eft-hand side as ég %n % &#G. 16
for the fourth shutter tinme 2ts/v after the opening of th SRIET L AT s also
F10/v. The foreground conmponent of the |eftnost pixel in the frane #n-1
as shown in FIG'16 for the fourth shutter time 2ts/v after the opening of
the shutter becomes F09/v. it 6 September 2005 44 Since the background
object- is still, the background conponent of the second pixel in the frane
#n-1 fromthe |eft-hand side as showA4in FIG 16 for the first shutter
~time 2ts/v is BOl/v. The background object of the third pixel fromthe:
| eft - hand side of the frame #n-1'as shown in-FIG 16 for the second

shutter. t| hut.t.ary i 0 ckgr ound
obj ect of the l?JourthheI pi W %ﬁaé_'ter& 1NN %h% Halx g doa

fromthe 1Teft-hand si'de of the Trame #n-1 as

shown i ol Gred® &Orkhesdddsd ghr@pgrhtrné de St tigf—1 | fBs afder the

openrng of  the shutter is BO3/v. In the frame #n-1 as illustrated-in FIG

thep beftnmsd Pidelad abhSwi 4Dirrd hel d oregriaunds are@, siangedhe  second
through fourth pixels fromthe left-hand side fall wthin the m xed area

whi ch i sirfe COVEr€0i DaskgroundhRoBaickayr i dt bejkane H#rnk aniidd ustrated in
. FIG 16, the fifth through twelfth pixels, falling within. the background
area, rgespectfyah ytHrkav:ee]DttMnd/adm wf B0 ﬁﬂ‘Hnm,lgi‘n—Bllas Ishdnhe i ame #n as
illustrated in FIG 16, the |eftnost. :
‘ ~FIG 16 for the second shutter tlme after the openlng of the
.shutter is B02/v. The baekground-object of the fourth plxel‘
Afrom the left4hand side of the frame-#hél as.ehown-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 -
: leftmoat 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;
g'respeotivelj have pixelrvalues of B04 through B1l.
fn'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 ahd moves at a constant speed and the image of

.the foreground moves andgrightwardly_appears on the next




through fifth pixels fall within the foreground ‘area. .the foreground area
of the frame #n, the foreground conponent for the shutter tine 2t is one
of FO5/v through F12/v. Since it is assumed that the for%é??ﬁﬁﬁ?rgﬁiect is
a solid body and noves at a constant speed and the imge of the foreground
noves and rightwardly appears on the. next 6 Septenber 2005 - 45. frane by 4
pi xel s apart fromthe ori:ginal position in any given frane, the foreground
component of the fifth pixel fromthe |eft-hand side of the frane #n as
-shown in FIG. 16 for the first shuttter tine 2ts/v after the opening of
the shutter is F12/v; and the foreground conponent of the sixth pixel from
the left-hand side as shown in FIG 16 for the second shutter tine

2ts/ v, after the openi .of the shutter is, aJso F12/y. . The, foreground
conponertaitt Bhel duviTh FBt FT0 tHe-TerdiRahdPaFHEIgR Shot¥in FIG 16
for the %Jﬂg _égyttq{ ti{@ 2ts/v(§fter t he opegiﬂ@ 0%:% e shut%er and the
f or egr Slnd L orfpohent -8 TR E YR PIRTFHonT T t eS| 5H TRaPtESt de as shown

in FIG f.9r. the: th shutt | e 2t f openi.ng of . the
Shut t or A BT PR s e DA S e R R TS om the
left-- | : ' ' Qn, 4 I 16 1 h d shutt

: tiehe 2?2‘% a e?:frlq{%tfa@glpﬁa{n@r% %ﬁ“?ﬁzeé%hut tfe%Fi-tglil%%?l%%dgg ﬁ%@gfe;rgungr_
componeffyidled & SN, PiRl tid OBANE-diRld -dansh siae 88 show i, FIG 16

for the third shutter tinme 2ts/v after the opening of the shutter is also -
pixel from the left-hand side as shown in_FIG; 16 for the o

, Sécond'shutter time”2ts/vﬂaftef the opening of the shutter

i\

is also Fl2/v. The fbreground.éompdﬁént'of tﬁe'seventh

pixel from the'ieft—hand éide'éslshdﬁn'in FIG: 16‘forlthé
thira shutter time'Zts/v‘aftér the bpening of’the éhutter
and the foregrouﬁd;componénf_of_ﬁhé éightﬁ pixel from the
iéft—hand Sidé as shoWn-inﬁEIGT i6‘fo£-the_fourthshut£ér

time 2tS/v‘after.ﬁhe.opéning of the shutter are F12/v.

~ The fdreggbund_componént of_the'fifth'pixel‘from_the'

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

A

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



F11/v. The foreground conponent of the seventh pixel from the left-hand '
side .as shown .in FIG 16 for the fourth shutter tinme 2ts/y after_the

openi ng of the shutter is Flt/v. The foregrod conponent oq‘s‘?pﬁimqef?qqq pi xel
fromthe left-hand side of the frame On as shown in FIG- 16 for the third

 shutter tinme '2ts/v after the openi ng. of the shutter is 6 Septenber 2005 -

46 - F10/v, and the foreground conponent of the sixth pixel from the

| eft-hand 'side as shown in FIG 16 for the fourth shutter tine 2ts/v after
t he opening of the shutter 'is also- F&80fv. The foreground conmponent of the
fifth pixel fromthe - left-hand side as shown in FIG 16 for the fourth
shutter time 2ts/v after the opening of the shutter is F09/v. Since the

obj ect ~of o thie hackgroupd is SLall QATy.Lhe, bagkor ound, qomponent of the

sixth pix€l-fromt an e frame #n as own i FI G 16

for. th i - ter_ti t fi [ ‘ ' tter is BO5/v.
Tg(ra ba?‘fkﬁgér (r)%]fdé_(r:}'(l)grr%%aséin gg gt%g%év%rg:%f%sxgﬁf)eﬁ%%}%eﬁ%ﬁwlrJ]angrs: 3e of '

the fr 7 . st i p, Fl G r fir ﬁiﬂ% Sﬁﬁg@ﬂ%-:- t1 ti mes

2t s/ v ggfgﬁle?&f ?%ﬁ%%%ﬁ%_féﬁ%ﬁgﬁj%ogé}&ﬁ%o% . The bac g?lomuunédlesgoorrponent_

of the gighth TH@>%3ré#$8ﬂdbh%omb%%%hth%%dt%bd%i@&hfﬁgx%&a¥§oﬁntﬁé shown in
FIG 16 for the-first through third shutter tinmes 2ts/v after the opening

of - the s Ald | $1BOTLY  sthdwit high fTrane 7 s&owhd nedilGh hutddhg sixth
through eighth pixels fromthe .left-hand side fall within the mxed area
whi ch itsinge Covefeh DESKIKMINGhaTiRy of the shutter is F09/v. | |
7 Sinée_fﬁé-object-éf tﬁe background is-stationéfy,‘the |
backgrouﬁd componént of.the'sixth'pixelffrom-thé léft—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—
‘hand 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 nintthﬁréugh
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




In the frame #n shown in FIG 16, the ninth-through twelfth pixels,

falling within the background area, have respectively B % Hhrou Q}BII In
the frame #n+l shown in FIG 16, the leftnost through ni ?ﬂ’%l&é % rom
“the left-hand side fall within the 6 Septenber 2005 - 47 foreground area.
In the foreground area of the franme #n+1l, .the foreground conponent for the
shutter time 2t.s/v is one of FOl/v through F12/v. Since it is assuned that .
the foreground object is a solid body. and noves at a constant speed and the
i mage of the foreground noves and. —t Kén rlghtmardly appears on the next
frame by 4 pixels fromthe original. position in any given frane, the

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

frame #pdledfostioWeil. FIfg O Tl ddieddd St-alid aind | 4B.0l Sy, plter the

opening o utter oreground conmponent the tenth

pi xel ffﬁ%n£$§éé§$&n@a@&hﬁéﬁ@nésféPohﬂe'Qh t%%r1§1$8r2£9?v5§§08ﬂ shut ter

time 2ts/v after the opening of the shutter- 1s also F12/v. The foreground

conponegt ©f1 thecel sy twr 2 pi xel - fromthe -l eft--hand side as shown in FIG
16 for the third shutter time 2ts/v after the opening of the shutter and.

t he  or egr ouith GonpRONaNta Hurtdie s fire piowlg#dam tdieed€fis hand side as
shown in FIG 16 for the fourth shutter tinme 2ts/v after the opening of the

shut t ersear &d Fdady . ana_heo‘?@éegtoilnﬁoﬁsﬁtmeﬂeﬁ@e@cﬂ ihe ﬂh@ttnm@gesebff romthe
|l eft-hand side of the frame #n+l as shown in FIG 16 for the’
the foreground moves and then rlghtwardly appears on the
‘next frame by 4 plxels from the orlgrnalqpos;tlonrln any,.
‘given frame the foreground oomponent of-the ninth hiﬁel
-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 pikel:
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




second shutter time 2ts/v after the- openlng of the shutter .is Fll/v, and

t he- f or egr ound conponent” of the tenth pixel .fromthe |ef as
shown in FIG 16 for the third shutter tinme 2ts/v after.%ﬁ@ﬂgﬁen?ﬁg of .the
shutter is-also 6 Septenber 2005 - 48 F11/v. The foreground conponent of
the el eventh pixel from the left-hand side as shown in FIG 16 for the
fourth shutter time 2ts/v after the opening of the shutter i-s Fl11/v. The

f oreground conponent of the ninth pixel fromthe. |eft-hand side of the _
frane #n+1 as shown. in FIG 16 for e~ third shutter time 2ts/v after the
opening of the. shutter is F10/v, and the foreground. conponent o. f the.
tenth pixel fromthe |eft-hand srde as shown in FIG 16 for the fourth

shutterpi e 2tg{y @Jéf tc{]e ng@ya}e &het@tgfafer@ﬁJ ﬂﬂl The

f or.eground conponent o pi-xel Tfromthe e of . the
frame #ppd @éf@homdlaﬁé%sléhéﬂ ihepfourik §$‘f‘t£}% FO B R S/v after the

- openi ng of the shutter /v. Since the,,-object of the background IS

statlonawttéhetubaczggsaungf@e@fpeﬂenb ghihheotrenhl Rixekft Qm e Aeft-hand.
side of the franme.#n+1 as :shown in FIG 16 for the first shutter tinme

2ts/v after Mhe epeingimf dde it & ithd8e%/th Thedac@mount component
of the eleventh pixel fromthe .|eft-.hand side of the frame #n+l as shown

in Fl Gl1d4f6tfieand heidé ref dine Bfa:md#rshutaersmmfeaﬁtnm' af ¢ efot henopeni ng
of the shutter is B10/v. The -background conponent of the twelfth
plXelfrthnidmﬁmmﬁtehamﬂnelZEB[# &mefrEme dpeﬂlm@ of the. shutter is
FlO/V,;andithe.foreground(component of-the tenth pixel from
the leftehand~side as'shonn:in FIG. 16:for-the fourth |
rehutter_time 2ts/v after thelopening ofgthe'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.r

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




shown in FIG 16 for the first through third shutter tinmes 2ts/v after the
openi ng-of the-shutter is Bll/v.. In the frame #n+l shomnsgntFlgﬁz&%i-the
tenth through 6 Septenber 2005 49 twelfth pixels fromthe FRFT2H4nd si de
fall within the m xed area which is a.covered background area. FIG 17 is a
-nodel ‘di agram of an inmage 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 line of pixels at the sane position
across three franmes developed in fifié axis, wherein the object of a still

. background and:the object of a foreground noving rightwardly as shown are
captured. The nodel illustrated in FIG 18 contains an uncovered background

area.’ |tybbragspied i ns FoE 118 10at-Adaforeoround pbiget ise ®i,891 1 d body,

and noves at a constant speed. Since the image of the foreground noves and

right wad by APPeArss by dovPi X8l Sa@bgthendexted{rame, the amount of novenent
v is 4. For exanple, the foreground conponent of the |eftnost pixel-in-the

frame #n-1 asgehaw iish Fiodeh8 didigrtdie o rot inShye tier WHiwh 24s/ v after the
openi ng of the shutter is F13/v, and the foreground conponent of the second
- pixel ffaredhealdfdehsndest dbs asx shoned NG tHS fitel heasasodHnd shutter -
time 2ts/v after the opening of the shutter is also FI3/v. The foreground
conponentlwdttdised hin FPE xeléfrom the |eft S : o
| . FIG. 18 is a model diagram illustrating the pixel
_'ﬁalues of a line of pixels at the same position across three’
frames developed in time‘axis,-wherein the object of a still
:backgroqﬁd and :the object-of'a foreground mbving rightwardlyr
as shown dre‘captu?ed. The model illustrated in FIG. 18
 '¢Qntains.an uncoverEdlbackgrdund area. .
It;is assuméd'ip FIG. 18 that the foreground object-is“
a solid body, and hoves’at-a_constant speed. ‘Since ﬁhe )

imagexof the fpreground mQVes and rightwardly appears by 4
7 , I o . R , il .
-pixels on the next frame, the amount of movement v is 4.

e

For examplé, the foréground~cémponéntiof the leftmést
‘pixel in the frame #n-1 as shown ianiG; 18 for the first
'shutter.time Zts/V after the opening of the shutter'ié F13/v;
'andrthe'foregroundwcoﬁbénent of the Second pixelrfrom‘fhe |

..left—haﬁd sidé as shown iﬁ FIG. 18 for the second shutter
ﬁime éts/v after the opening of. the shutter is also F13/v.
The foregroundrcémponent of the third pixel from the left-
hand side as shown iﬁ FIG._18 for tﬁe third shutter tiﬁe

' Ztg/v.after the opening‘of.thé‘shuéte; and the foreground

~ component of the fourth pixel from the left-hand side as




hand side as shown in FIG 18 for the third shutter tinme  WI 2ts/v.after

t he opening. of the shutter and the foreground .conponentggf tg,lﬂgerfzgggth

pi xel fromthe |eft-hand side as - 50 shown in FIG 18 for tﬂe fourth
shutter tinme 2ts/v after the opening of the shutter become F13/v. The
foreground conponent of the second pixel fromthe 1eft-hand side of the
frame #n-1 as shown in FIG 18 for the .first shutter tinme 2ts/v after the.
openi ng of the shutter is Fl14/v, g t he f oreground conponent of the third
pi xel from the |eft-hand side as sh ®n"in FIG 18 for the second. shutter _
time 2ts/v after the opening of the shutter is also "Fl4/v. The foreground
conponent of the-third pixel fromthe left-hand side as shown in FIG 18
for theHdwstishutd erid ifer 2tisd viaf#al dmecopent tge 0ft& he. a shatt tgie becones
F15/v. Since the background object is still the background conponent of t he
| ef t nostpepiine] dM tHe Shanee#bdedse SHdyin FIG 18 fork the second
through fourth shutter tines 2ts/v is B25/w. The ; background .object of the
second pi xelThier dmreghre unef tcdm@e&itd@fofthteheefm Hineell a‘s:csmmlme in FIG 18
for the third and fourth shutter tines 2ts/v after the opening the shutter -
i s B26/hef tFherishckigheo il g elotansf trhel taw rehgixeln fFBEn thefdrefthdrand side
of the frame #n-1 as shown in FIG 18 for the fourth shutter tinme 2ts/v
after. tﬂier%p@mm‘gtemftme At erfier BIW wpening of the shutter is

F14/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 the third pixel fron the

left;handlside as shown in FIG. 18 for the first ehutter

'time 2ts/v efter the opening of-thecshntter:becomes flS/vr

“ Sincerthe‘backgronnd‘ohjéct:is still, the background |

.component of the leftmost pizel inlthe frame #n;I as ehonn
'-in'F;G. 18‘f0rwthe second thtouoh fourth'shntter times 2ts/v

is EZS/H- Thenhackground 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
,1eftmost throughgthird pixels fnil‘within the mixed erea,
h.nhich is the uncOVeredUbackground'ateaJ

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




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

pixels fall within the m xed area, which is the uncoveregsgﬁg%%%QH&g ar ea..
er

In the frame.#n-1 as illustrated.in FIG .18, the fourth 6 Septe
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

2005 51

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
foreground conmponent of the sixth pixel from the left-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-hanth st Bemaoim ¢m FBsusted imeFIGhi 18, shiuetbefthose 2ts/v

after the openin%?of the shutter_and the foreground.. conponent of the
ei ght h PIXRPOR 6Pt R Perelenandl ¥igbiasthRowAckarpuad a8etorante fourth:
shutter, tine.Qtf/v after the opening of the shutter are F13/v.

the pixel values thereof are respectively B25 through B2§.

Sipce if-is,aséqmedrthat 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




~side fall-within the mxed area which is an uncovered background area.

The foreground conponent - of the sixth pixel fromthe left-hand side of the
frame #n as shown in FIG 18 for the first shutter time g68)tdmedrbBes t he-.
openi ng of the shutter is 6 Septenmber 2005 - 52 F14/v, and the f oreground
conponent -of the seventh pixel fromthe |eft-hand srde as shown in FIG 18
for the second shutter tinme 2ts/v.after the opening of the shutter is also
F14/v. The foreground conponent ‘of the eighth pixel~fromthe left- hand si de
as shown in FIG 18 for the first shg?ter time.2ts/v after the opening of
the shutter is.F15/v. "Since the objé&ft of the background is stationary,

t he background conponent of. the fifth pixel fromthe |eft-hand side of the
frame #n as shown in FIG 18 for the second through fourth.shutter tines
2ts/v aFtérvihendpenengopégtbendsbumpenehs B29tMe dbechankpiaund conponent
of . the sixth pixel fromthe left-hand side of the frame #n as shown in' .
FIG .18ffon the Laftedhand $bdethsshudyerihi FES. 218/ Yoaf tRe tBeoggeni ng of
the shutter is B30/v. The background ‘conponent of the seventh pixel from
the | efshivbihelr stdmeoftsiheaftaneti¥ea aseshognof ntkeGshd8téerishalkourth
shutter tinme 2ts/v after the opening of the shutter is B31/.v. In the franme .
#n showhl 4fv FI Ghel gondgr qurfd [ranranegit ofevdre e i@l oifxeim fier | ef t - hand

In the rfr%nJeE%*%%@msree RS shewn the %I@hthf%tfrpou‘glhe fimstt Ahpirers
fall.within foreground area, The pixel' value in the foreground area
in the ty% E§/Ycﬁ t%% EhgiteRening of the shutter is F15/v

Since the object of the background 1s statlonaryr the
background component of the fifth plxel from the left hand
slde of the frame #n as shown in FIG 18 for the‘second
through fourth shutter tlmes 2ts/v after the 0pen1ng of the .
shutter lS B29/v ' The background component of. the 51xth |

-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
l'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”afterhthe'opening of the shutter is7B31/v.‘ |
In the frame #n shown in'on 18, the flfth through
.seventh pixels from the left hand 51de 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




tine 2ts/v is one of F13/v through F20/v The Ieftnost t hrough ei ghth

pi xels in the frame n+l-as 6 Septenber 2005 --- 5 3 Sho"mas@pté:&t%rzé& bel ong
to the background area, and the. pixel values thereof are respectively B25
through B32. Since it is assunmed that 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 franme by 4 pixels fromthe origi nal
posi.tion in any .given frame, the foréground conmponent of the: ninth pi xel
fromthe left-hand side of the frame #n+1l as shown in FIG 18 for the first
shutter tine 2ts-/v after the opening of the shutter is" F13/v,. and the
foreground conponent of the tenth .pixel fromthe {eft-hand side as
shomm,iﬁhPWGuinlBIGorlﬁhEGlseqond -thet beckgrpendt skeaaf ted the openi ng of
the shutter 1is also F13/v. The foreground. conponent of the el eventh

pi xel fPéNrLnEaless- hhntesEdareaseshennivalFl B2518hfonghh@&32third shutter
time 2ts/v after the opening of the shutter and the foreground conponent

of the twel f3¥GR et ¥5 origiecd efha halhl sfefeeasowndwibj ¢at F1G 218 for the
fourth shutter time_ 2ts/v after the opening of the shutter are F13/v. The
foregroﬁﬂaléoﬁﬁﬁhehfdomoYh% fEn2hCPpPRERDET BRTEAcanfethenamddsi dé of the
frame # s shown in FIG 18 for the, first. shutter tine 2ts/v .after the
openlngQB Eegh%??%rm?geﬁlﬁfg thag Fh@hfhféﬁtﬁuhﬁpééﬁﬁoﬁéth@f the '

eleventh e |ef nd side as.shown in FIG 18 for the second'
shut'ter® ?Qhegﬁ? ' ?é?lfht gEﬂTnbh%fth%l%httP%?lFéohléB any

1g1ven frame, the foreground component'of the ninth pixel
ffrom‘the left—handlside;ofhthe frsne #n+l as‘shown in FIG?'
l:18 for_the flrst shutter tlme 2ts/v after the openlng of the
shutter is Fi13/v, and the foreground component of the tenth
) plxel from the left hand 31de as shown in FIG l8:for_the;
Asecond shutter tlme 2ts/v after’ the openlng of the shutter: 
©is also F13/v The foreground componentjof the eleventh
plxel from thelleft ~hand s1de as shown in FIG 18 for thei
thlrd shutter ilme 2ts/v after the opening of the shutter
and the foreground component of the. twelfth plxel from the
‘left-hand side as shown in-FIG 18 for the fourth shutter |
- tlme 2ts/v after- the openlng of the shutter are’ F13/v
The foreground component of the tenth plxel from the
left-hand side of the-frame.#n+l as shown in FIG. 18 for the
first shutter time 2ts/v‘after the opening of the shutter is
F14/V} and the foreground: component of the eleventh plxel
from the left-hand 51de as shown in FIG; 18 for the second

" shutter tlme 2ts/v after the openlng of the shutter is also

lFl4/v The.foreground-component-of the twelfth pixel from




F14/v. The. foregroundconponent of the twel fth pi xel from 6 Septenber . 2005
- 54 the left-hand side as shown in FIG 18 for the firs I ime .
2ts/v after the openi ng of the shutter is 'F15/v. Since- thés%@%@%%zog%
background is stationary, the background conponent of the nlnth pi xel from
the left-hand side of the frame #n+l as shown in FIG .18 for the second
through fourth shutter times 2ts/v. after the opening of the shutter is .
B33/v. The background conponent of t: tenth pi xel fromthe |eft-hand side
of the frame #n+1 as shown in .FI'G” T8 for the third and. fourth shutter
times 2ts/v after the opening of the shutter is B34/v. The background
conponent of the eleventh pixel fromthe left-hand side o the frane #n+l as

shown i thé&l Gefd8hdma $heef asr shoshut her1ti Nes2Eskv akt enrkhesapenbng of the
shutter is B35/v. |i the-frame #n+1l shown in FIG 18, the ninth through

el eventhjmpi Xes/s, aftem the bpéhihgndfsibe salittert Asnribev. m xed area

whi ch is an uncovered background area. In the frame #n+l1l shown in FIG 18,
the twel fth Spinasd tred |l thiof tites floragyound ateas tThbohoregrinnd .

conponent in the foreground area in the frame #n+l. for the shutter tine
2t s/ v |}Ba@)mr@#mﬁ:l@mp@h@@ugthfFtlﬁevnllﬁtmpi@elsfaomodhb dedyrasmof an inmage
in which the - foreground. component is extracted fromthe pixel. values

i 1'lustrate’d ¢h ¢h%3f4§meT%@+br@%e%%0W@rl@ehb@atlﬁgfadoubEeSdensdty image in

the mxed area is discussed bel ow.
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 fremer#n+l‘as shown'tn
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 frsme.#h+1-shown in FIG, 18( the-hlnth through
eleventh=pixél%;from the left—hsnd side fall within the
. iy _ ‘ ‘ .
mixed eree which-is an uncovered backgrouhd area.
In the frame #ntlishown'in FIG. 18, the twelfth pixel
‘falls within the foregrouhd_area. The foregroundrcomponent
in therforeground aréa in_the frame #ntltfor the shutter
time 2ts/v is one of F13/v throuoh F16/v. |
. FIG. 19 is a model diagram of an image in which the
_foreground,compouent is extracted from the uiXei values
illustrated in FIG. 18. .
The process for-generatihg a doubleedensity image in

the mixed area is discussed below.




6 Septenmber 2005 - 55 Pixels, a through c are within the mixed area in the'
.frame #nin FIG 20 The pixel value Ma of the pixel a: |n6%§ae$5 BBogn |-
expressed in equation (9). + B07/4 + B07/4 + B12/4 (9) BO7 e pi1 xel-
val ue Mal ‘and the pixel value Ma2 of. the double-density inmge
corresponding to the pixel a. are respectively expressed in equation (10)
and equation (11). In equations (10) and (11), the foreground conponent or
t he background conponent is nultiplied by a coefficient 2 to adjust gain.
~Mal = 2x (BO7/4-+ B07/4) = B07/2 + /2 = BO71. Ma2 2x (BO7/4 + F12/4)
(10) BO7/2 + F12/2: (11) Equation (10) shows that the pixel value BO7 of
the correspondi ng pixel in the frame #n-1 heeds to be set to the pixel
val ue Mal. O?iX@Esd@ubhﬁo@@nSCtareIﬁﬁﬂﬁl@nth@embﬁé&géﬁégdlﬁrgﬁe
corresponding to the pixel a in the frame # The pixel value Ma2 of the
doubl e- Beaséet yni mgEIGN £he foreground area correspondlng to the pixel a
in the frame #n is determ ned from equation (12) which is obtalned by
The plxel value Ma of the plxel a ln the frame #n is-

'egpressed 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
' reSpectlvely 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

o ‘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_inpthe.frame #n—l_needs to be.eet to the
:pixei value Mal of the doublefdensity image on the .
background area‘oorreepondingnto 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)




rew’iting equation (4) or-equation-(5). Ma2 = 2x Ma-Mal . . (12) 6.

Sept enber 2005 - 5.6 FIG 21 is a diagramillustrating tQﬁk!%h% ;2¥§hip_of
pi xel values of pixels in the m xed area, nanely, the pixel of a

pi xel having a | arge background conponent, a' pixel value of the
corresponding pixel in a prior frame or a subsequent frame, the pixel

val ue of a doubl e-density inage, and a chronologically ideal pixel value.
Hori zontal solid lines in FIG 21 regﬁesent t he pi xel .value of the input

i mge- Horizontal broken lines in Fl 21 represent the pi xel val ues of an
i mge having a double density,in the direction of tine. Wien a pixel in
the. mxed area in the frame :#n contains a nore background conponent, the
pi xel -val uekI®f Zhelscmrdea@nmdlhgmmnueatingthnebﬁékgtounéhapeafln t he
frame #n-1. is set as the pixel value density , images shown in the
doubl e démsityainageoffparel#nih. thefmthedbambgronadeay t haedpiklea FI G
21. - Referring to FIG 21, on the background is | ocated in. the Wen the

pi xel |ﬁalvﬁeOﬁlﬁeﬂlaeéahanlnheafianee#hahagraundreomaohgnmund conponent ,

t he correspondi ng pi xel value of the double-density.image on the

f or egr oBA¥ST svehleupat te cnaﬁesnenﬁinelpvaB&elofathalpwxékamn plreani xed

area in the
' subsequent frame, the plxel value of a double- 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 den51ty 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
1_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%.baaed on equatlon_(4) and,equatlon (5).
Referring to FIG. 21,'the doublewdensityrimage on the

foreground is located in the frame #n+1.




frame #n and the set pixel value of the double-density image - on.the
background. based on equati-on (4) and equation (5). RefergikpgehQerbbds 21..
t he doubl e-density inmage on the foreground is located in the frane #n+l. 6
Septenber 2005 -. 57 Likew se, the pixel value BO6 of the corresponding
pixel. in the frame #n-1 is set to the pixel value M of the pixel b .in
t he doubl e?density inmage on the: background as expressed in equation (13).
The pi xel value M2 of the doubl e-density inmage on the foreground
corresponding to the pixel b'in the frame #n:is calculated from equation
(14). Ml 2.x (B06/4 + B06/4) B06/2 + B06/2 BO6 M2 2 x .M - Ml (13)
(14) .The pi xel value-M of the pixel c is: expressed in equation (15). M
= . B05/ 4 + FiNeyiser1lyhe piKg) 4d1% Biheohi Ke¢ vatvesphdamg the pi xe
val ue M2 of the .double-density ,inage corresponding to the pixels in the
frame #i%ek Fespeetfvang expkessedetntequhei phxeleyadnd Mbduafi the(17). In
equations (16) .and (117), the foreground conponent or the background
compone?t X% Pt pie edowyle-denef ty ciBageopn2theobagkasoungann. Ml = 2 x
(B05/4 + F12/4g ] . e o : L _

_ expressed in equation (13}). The pixel value Mb2 of" the

.doqbleudénsity imagéién'the'foregrOUﬁd correéponding‘to'the
pixel-b‘iﬁ the frémédgniiszcalculated frém eéuation‘(l4).-
“Mbl = 2 x (B06/4 %’Bq6/4)- |
- BO6/2 + BO6/2 |
= BO6 - - T (13)
Mb2 = 2 x Mo - Mbl | o N 5
_ 'The‘pixei value:Mc of.ﬁhe-piﬁél;c iéﬁéXﬁréSsedfiﬁ'
equation (15). . o N
Mc = BOS/4 -+ Fl2/4 + F11/4 + Fl0/4 as)
zﬁhe_pixel}valuéMql and the ﬁixel-valué'Mcé'ofrfhe

R SRR
. double-density

é%mage cOrresponding'to_the pixel.c.in thé_
frame #n are re;pecﬁively éipressed in equatién (16)Jand
”equation‘(17)f* In eqﬁations (16),and,(17),lthe foreground
component or fhé background‘comﬁonenf is mqltiplied by a
cqefficient of'thé adjuét}gain. | .

Mcl = 2 x (BO5/4 + F12/4)

BN

BOS/2 + Fl12/2 - (16)

Mc2

2 x (F11/4 + F10/4)
- Fli/2.% F10/2 oan
Using”the_spatial~correlation of.the foreground:

component éQUation-(18) holds.




BO5/2 + F12/2 (16) M2 = 2 x (F11/4 + F10/4) F11/2~.+ F10/2 (17) Using the
spatial. correlation of the foreground conponent, equati 0B stdShodiobsts. 6
Sept enber 2005 58  F = F11 = F10 = FO9 = FO8= FO7 = FQ06 .(18) From equation
(18), F09/4. + FO08/4 + FO7/4 + FO6/ 4. The -pixel value of the pixel c in
the frane #n+l equals the pixel value F. Equation (19) thus holds. M2 =
F11/2 F10/2 F (19) The pixel wvalue Ml of the doubl e-density image on the
background corresponding to the pixel_c is calculated from equation (20),
which is rewitten fromequation (4)§%N"equation (5 Ml = 2.x M M2 (20)
FIG 22 is a diagramillustrating the relationship of pixela values of.

pi xel s in the m xed area, nanely, the pixel value of a pixel having a

| arge foregrpuadrTompONENt = @lxetogalp@7oi the corresggﬂdlng pixel in, a.
prior frame or a subsequent frane t he pi xel value of a double-density

i mage, - andrFaomhe@not dghcalsy, | Bea) 4 pi xeds yal verooLi zonp gy asoldyk | ines in
FIG . 22 represent the pixel = value of the input imge captured by the :
sensor. pigeilzontak obr okenplikeesci inFke 22amep#ﬁseanhhgsptn@l val ues Of
an-— pixel value F,
Equation (19) thus holds.
| Mc2 = F11/2 + F10/2
=F SN . (19
The pixel value Mcl of the double den51ty 1mage on the
,backgronﬁd correspondlng_to the prxel c:is calculated from
equation fZO), whlch‘is'remritten‘from'equation (4) or
'equation_(S); - | o
‘ " Mcl = 2 x Mc S Mez | T '(20)
FIG 22 is a diagram 1llustrat1ng the - relatlonshlp of
plxel‘values oﬁ plxels in the mlxed area, namely,_the-plxel:
_value of. a plxgl 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-captured by the sensor. Horizontal
.broken lines in FIG. 22 represent 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




.image having a doubl e density in the direction of tinme. Wien a pixel in
the nixed area in the frame #n contains a nore foregroungscQupanenis the
pi xel value of the corresponding pixel in the foreground area in the frame
#n+l 6 Septenber 2005 - 59 is set as the pixel value of the foreground of
t he doubl e density imge as shown in FI'G 22. Referring to FIG 22, .the
doubl e density inmage on the foreground is located in the franme #n+1l. When
the pixel in the mxed area in the frame #n has a nore foreground ‘
conponent, the corresponding pixel val'ue of ' the doubl e-density imge 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

doubl e- tensétyas mage phxethevhdunegoduntebasedgabuaduatsii @he @4ubard equation
(5), Referring to FIG. 22, the double-density inage on the background is
| ocat eddémsihe image #s-bhoWhemnt AEGpi R2l. vk ferofintrtheo pigel2&n the mi xed
area in . the doubl e-density inmage containing two or three background: -
conponekite dpuinle hdenpbtnt indgaoventhe fookgdopnidsigedercatted, inathiexel

val ue of the pixel in the background area in a prior frame or a subsequent
frame i5ra®® fotlthe pixel. value of the. doubl e-density image in the
background, and the pixel value in the double--density imge of the
for eground e tAR &ieed rigm udtizo (@earivgiati 6haps) fn hagen the
pi xel value of the pixel in the mxed area in the double-density
inage-&&ﬁeﬂékFﬁﬁfﬁl %ag%@p%%%@tCoﬁ%%n%%frespondlng pixel value of

the dduble—densityrimage on the backgrduﬁd 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
 ba§kgrQudd isllécatéd‘in the ffaﬁe #n;i.fr |
When fhe pixel vaiué df-the.pixél in thé mixed afea in
thg'qéublewdengity_image éoﬁtaiﬁihg tﬁoTbr fﬁfée bédkgrouﬁd

31
it : :

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.




with the amount-of rmovement v of .4 is generated, a pixel value of

the.pixel in the foreground area in a prior frane or a sup UeBLr20hs ame is
set to the pixel value of the 6 Sept enber 2005 60 doubl e- %Sﬂéﬁtf% mage in

the foreground, and the pixel. value in the double-density inage of the
background is calculated fromequation (4) or equation (5). Generally
speaking, when the pixel in the mxed area has a higher correlation with
the correspondi ng -pi xel in the backg&gund: area, than with the
correspondi ng pixel in.the foregroun rea, the pixel value of the
correspondi ng pi xel i'n the background area. is set as the pixel value of
the double-density inmage in the background, and the pixel value of the:

doubl e- diendilley-demBge yi N fior egeowddegrousal Culnat edhe WIkAY ¢gyation (4)
or equation (5). Wien the pixel in the mxed area has a higher correlation

Wi t h t héncdiheespabdiergienpiixgl imagthe ff ahegbawhdroanhea ikhan 1 wat B +khe
correspondi ng pi xel in the background area, the pixel value of 'the
corresp@m@mngqphxébniﬁ4ﬂherfeqegm®und(anea is set as the pixel value of

t he doubl e-density inmage in the foreground,. and the pixel val ue of

t he' doubl e- déeserglivagecihinte wirackgnounixées tal théahbbediSinga equati on
(4) or equatlon (5. FIG 25 through FIG 28 illustrate the results of. the
process ﬁﬁléhhé%§ﬁ¥n§§rfﬁéaaapﬂowlt3téhessogteshendnngessxeioinsehE|ng the
pi xel value having a high correlation to a .pixel in half side of a ,
doubl e- Héﬁ§9F9uPﬁa§EeaTgBaPnﬂgehthﬁ @ﬁérgﬁnpnénnglpexeé is ‘tiver aged over 2

-:foreground area, ~the pixel valude of the corresponding pixel
in the background area is set as the pixel‘value of the
’ doublerdenalty -image in the background and the plxel value
of the double densrty 1mage in the foreground is calculated
u31ng equatlon (4) or equatlon (5).' When the plxel in the
mixed area’ has a hrgher correlation with theAcorrespouding :
plxel 1n.the foregroundrarea than with the correspondlng
iplxel.ln the beckground area, the plxel value of the |
lcorrespondlng glxel 1n the foreground area is set as the
plxel value of the double density image in.the foreground,
'and the pixel value of the double-density 1mage in the
"background is calculated u81ng equatlon {(4) or equatlon {5).
| FIG. 25 through FIG 28 1llustrate the results of the
;process,whlch examlnes the\approPrlateness of the process
for'setting~the piXel value having a high correlatiou'tora;-
'plxel in half 51de of a double densrty image,
The lmage w1th the shutter time ts is averaged over 2
fraoes, and then an image correspondlng to the shutter time

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




frames; and then an inmage corresponding to.the shutter tine 2ts is thus
generated. A difference. in frames- of the inmage 6 Septenpey, ,RABa 7061
havi ng the shutter time 2ts, the image having the shutter tine 2ts, and a
-difference of franmes of. the i mge having the shutter tine is are conpared
based on the generated. image having the shutter tine 2ts, and the inmage
having the shutter tinme ts. In-the processing of the_lnage havi ng t he
shutter tinme 2ts, and the frame diffgrence of the shutter tine ts, the

i mage having the shut t er tine is corresponds to a pixel having a hlgh
correlation in the generatlon process of the - above-referenced

doubl e-density image. FIG 23 is an: inmmge. of a frane difference betmeen
the i majeginavichg shetshut témet 2ive, 2the ifkGe B4ving ameeslharged vi ew of
the image in the m xed area of the franme. difference between the inmages
havi ng FhBej £ts,shodt erdiffaserces. of FFGames5 - pﬁot@ealwh@ﬁgeawnn@heheuer

val ue of a glxel - wWith respect to a glxel position, in the inage in the
m xed 8PEALEF tREef Fandre| FPEPRREd. beerednorhshenagasradedngrelye  shut t er
time 2ts. .FIG . 26 jllustrates the imge of .the frane di.fference betmeen

the i maB@VHaYi ABSt RBUSREFt BFME| 4BS 2t 3P aﬁHet h@agﬁagévmg the
shutter time ts. Lo

Inrthe processing of the image-haring'the shutter tiﬁes
2ts, and the frame difference'ef the shutter time ts,. the
:lﬁage having the shutter tlme ts corresponds to a plxel
having Qﬁhlgh correlatlonrln the generatlon.process of the
:above—referenced deublefdensity.image,

| -FIG '23 is‘an'iﬁaée.ef-a freme:difference'netween the
lmages hav1ng the shutter tlme 2ts |

FIG 24 is .an enlarged view of the 1ﬁage in the mixed
larea af the freme dlfference between the 1mages hav1ng the
-shutter,tlmeIZ%s. |

FIG. 25 plgts a change in.the piXel_ﬁalue of a pixel,
'With respect'to a pixel position in the image in the mlxed
area of the frame dlfference between the 1mages hav;ng the

" shutter tlme 2ts.

FIG. 26 illustrates the.imageAef'the framefdifference
between the imagefhaviné the shutter time 2ts and the.image
.having the shutter:tine_ts In the calculation process of
" the image hav1ng the shutter. tlme 2ts and the 1mage hav1ng

the shutter,tlmeﬂts,-the dlfference calculation process

between the_pixel in the background in the image having the




having the shutter tine ts. In the calculation process of ‘the imge

havi ng-the shutter.time 2ts and the i mage havi ng the shut E%re tEEH@rzgés t he
di fference cal cul ati on process between the pixel in the acﬁgroun In the
i mge having the 6 Septenber 2005 - 62 shutter tinme is and the target pixel
of the imge having the - shutter time 2ts is .appropriately alternated with
the difference calcul ati on process between the pixel in the foreground in
the i mage having the shutter tinme is 3nd_the target pixel of the inmage

havi ng the shutter time 2ts. FIG 2845 an enl arged view of the inmage in
the mxed area of the frane difference between the i mage having the o
shutter. tinme 2ts and the image having the shutter tine ts. FIG 28 plots a
change.shuttdée pineltyadme ofiethergéXepivkt Nof esRECind e thS, Pl elndosi tion
of the pixel in the mxed area of the frame difference between the inage
havi ng timetsdwittiEme t20@ 24 sappichp hea tehgea hevingeddey stwties tine ts.
Referring to FIG 23 through FIG 28, the frane difference of he inmges
havi ng dhefshendtercdioel 2t sohasro apps dxé ted @b yehidep Seae val e as that of
the frame difference of the image having the shutter tine 2ts and the

cor r espirmR gL U gien hehv nignadre Brottertie nehister Roimd his amwbsan t he
process of setting the pixel value having a high correlation to a pixel on
‘the hal¥axgee R¥xeheol ddub|enanshayingrages Snkgeneriaté e he pi xel val ue
on the other half side of the- double-density inmage fromthe pixel value
having the Eil§h &dr Aél ani 6 lasgechd iem gifnghepiimwelge in the mixed .

area of‘the'frame-differegce between the -image having the

Ly .

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

FIQ€?28 plbts a'qhange'inrthexpixel‘value'of.the piﬁél
with réSbécﬁ té_the pixel'pbéition—of the pixel in the mixed
area pf thé fr§mé differenCé between tﬁe imégé having the
shutter.timé 2ts and.the,imége haviﬁg-thé‘shdtter'timé‘ts;"

| Referriné tQKFIG; 23-£hrough_FIG; 28, fhe—framé
.diff?ﬁepce ofﬁ?hé imqges haﬁiﬁg the shuttér timé-2ts-has

tH. _ : : — : : :
approximately the same value as that of the frame difference
. I R . s R

af the image h%&ing the Shutter time 2ts-and the.
corresponding image having the“shutfer~time'ts-

| For this reéspn,'thé p#qcess of setting the pixel valﬁe
having a high-cdrrelatibnrto a pixel on the half side of the
“doﬁble—dénsify image, énd'generating tﬁe pixel value on the -
cher half side of the double-density image from the pixel

. va;ﬁe having'the high correlation'aﬁd the origiﬁal pixel

. vélue feéults in#an image substantiéliy idéntical to éﬁ
image which is obtained from imagesIWhich are Caﬁtured with

the shutter time of the sensor halved,




val ue results in an i mage substantlally |dent|cal to. an inmage which is
obt ai ned from i mages which are captured wth the shutter

sensor hal ved. 6 September 2005 - 63 The process for generggtet;q%ngér25&(‘a
doubl e-density inmge based on the pixel in the foreground area is :
di scussed bel ow. ‘Referring to FIG 29, a pixel dis in the background area
in the frame #n. The pixel value Ml of .the pixel din the frame #n is- .
~expressed. in equation (21). Ml.= B10/4 + B10/4 -+. B10/4 + B10/4 (21) The
~pixel value MIl and the pixel value M2 in the doubl e-density i'-mage for the
pi xel d are respectively expressed in. equations (22) and" (23).. In each
of equations (22) and (23), the background conponent is nultipried by a
coefficient Bheprdtiss Rox ¢BIOF4tinBlOIdYubBiOdens +tBLlON2gBLR-422) MI2 =
2 x (B10/4 + B10/4) 810/2 + B10/2 B10 (23) The pixel value B10 of the _
corresp@ﬁdthg pixel in the fbrepeo#indlairsasét tidsthespidxeklval.ue Mil and
the M2 in the double-density inmage for the pixel d. pixel value The
process for Refrraknhgt @ babl 22 dems@l?yel nages baisethe background

area in the frame #n

The pixel value Md Qf'the-ﬁixel d in tﬁe frame'#a'is, 
rexpressed in equation (21) . |

fMd_= 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 (Bl0/4 + B10/4) .

B10/2 + B10/2
= Bld . | - ‘ : S (23)
'The’pixel value B10 of the corresbonding pixél in the
Vframe #n¥1 is set to the pixel value-Mdl and the pixel valﬁe
Md2 in-the_doubiefdensity imdge for the pixel d.
A The prdcese fot generating a'doﬁble—density‘image based
on the_pixel in Epe foregtouﬁd_atea~is diseussed.belewl
‘When'a double-density image is generated based on

pixel in the foreground, a correct pixel value is not




on the pixel in the foreground area is discussed bel ow. \Wen a

doubl e-density image is génerated based on a pixel in th ,
correct pixel value is not 6 Septenber 2005 - 64 obtaineﬁs%r%ﬁgégggfor
frame or a subsequent frame, the spatial, correlation of the foreground
conponent is used. The pixel value of the prior frame or the subsequent
frame, whichever has a. |arger correlation value, is used as a pixel value
of any side of the doubl e-density Ln%ge. Anot her pixel value of the

doubl e-density image is cal culated using equation (4) or equatlon (5 . A
pixel. e falls within the foreground area in the frane #n in FIG 30(‘The
pi xel value Me of the pixel e in the frame #n is expressed in equation .
(24). FOFtdine@®08tdm+aFpOidr+fEifle/ dr(24pubbeqpexel frahye bMek and the pixel
value Me2 in the double-density imge for the pixel e are respectively
express%ﬂathabqgarrehaFQSm afidteguabrear¢@6)l tompquahiohs (264.and (26),

the foreground conponent is nultiplied by a factor of 2 to adjust gain.

Mel = 2The (Fooed vakae/ af FEEQPQlQrFﬁgﬁmeNQQ the. subEEQULAL+EF@BEA) FO7/ 2
+ F08/2 (.25) :

whlchever has - a larger correlatlon value is used as a pixel
valne of any side of the donble—den81ty lmageﬁ‘ Another-
fplxel value of the-double—density image is caloulatedluSing

equation (4).or eduation 35).

| a pixel e falle.nithih the foregronnd 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 + F09/4 + 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 ;éuatlon (25) and equatlon {(26). " In equationa'

(25) and (26) .the foreground component is multiplied by a
factor of 2 to adjust gain.
Mel =‘2'x.(FO9/4 + F10/4)
= F09/2+ Fl0/2 | o (25)

Me2 = 2hx (FO7/4 + 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. .




(26) When the pixel e has a "higher correlation with the corresponding
pi xel in the franme #n+l than with the correspondi-ng pixekd : e
#n-1, equation (27) holds .using the spatial correlationbg%&?ﬁ2§.g?iground-
conponent.. 6 Septenber 2005 - 65 F = FO8 FO7 = F.06 FO5 = F04 = FO3 (27)

. The pi xel value of the corresponding pixel in the frane #n+l is set to

t he pixel value Me2 in the double-density image-for the pixel e as-
expressed in equation (28). M2 = EQ%&Q_}FO8/2. FO6/4 .+ FO05/4 + FO04/4 +
FO3/4 = F (28) The anot her pixel value Mel in the double-density image . for
the pixel e is calculated using equation (29); which is rewitten, “from
equation (4) or equation (5). .Ml 2 x Me - Me2 (29) In‘this way, the.

i mge procesSingr@pparst Us= gederatess theFooubl eaglensi t yy2i7yage for the pixel -
falling within the. mxed,area. Wen a target pixel has a nore background
conponent asThk# awkkéh R Gie 31f e otdrere swonsingheixé hein tetigefrahxel has a
hi gher-correl ation with the pixel in the background, the correspondi ng

pi xel vERté ia sAE backbeonhyelsvabueaefhénpitkel duablie-danthey

- doubl'e-density image-in-the background.- Based on equation (4) or equation
S (5)", tHeagfx Prvﬁgﬁepiﬁe}tﬁeaﬁo%bpéeﬁéﬁéiiy paugéipn A8 foreground is

.generated. . ‘ : -
o - Me2 = F07/2 + F08/2

il

f06f4.+‘E05/4 + F04/4 { F03/4
ér.F. o o - (28)

‘fhe anothér bixel,véi;e‘Mel in the doublehdenéity image

for tﬁe;gixel e is calcgiated ﬁsing-e@uatidn (29), which‘is

'réwritten}from equation {(4) or-equétion (5} .

:Mei.f-z bl MelfiMeQ' ' :] | | (29)

Iﬁrtﬂis wéy;'tﬁé iméqe‘processing éppaféﬁus.generatés
;_thexdduble4denéity image:foﬁ the pixel falliﬁg within the

mixed.area. W@eﬁ a target pixel has a more background

'compongnt as“s%gwn in'EIG.,Sl;'in other'wdrds;,when thé
targét pixel héééhighér-édrrelation with the pixei in the
'backgrdupd,_the ;orresponding pixel value in the background
- is set as'the,pixel value in the double—density‘image_in tﬁe
backgroﬁnd;r Based ch_equation (4) or equation kSY,-the
' pikel value in the dquble—density image in the foregﬁound is
generated: | |
The imége processing apparatus geﬁerates the’&ouble—
density image_foa;thé pixél‘falling'within the mixed afea;
When a target pixel has a mbre foreground compbneﬁf as shown

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




The i nage processing apparatus generates the double- density inage for the
pi xel falling within the m xed area. Wien a target pixel Qgstg r28
foreground conponent as shown'in FIG 31, in other words, Br" ?arget_j_
pi xel has a 6 Septenber 2005 - 66 higher correlation wi'th. the plxel in
t he foreground, the corresponding pixel value in the foreground is set as
the pixel value in the doubl e-density image in the foreground. Based on
equatiOn (4) or equation (5), the pléﬁé val ue in the doubl e-density image
|n t he background is gener at ed. The ge processing apparatus generates
"the double- density inmage for the pixel falling with the background area.
Referring to FIG 32, a pixel having a higher correlation is sel ected and
t he p|xahgnakueorﬁenheltﬁanﬁthavhegpihélhrghthéOEbebakaHdlStﬁet as the
corresponding pi xel value in the double-density inage, and another pi xel
val ue i-ncrhesdonbirgdehgel yvabageihstyenesabgdohagedsopeequat tpa (4) or

(5. In this way,--a double--density image is gener at ed. based on t he pi xel
val ue opixae batugr buntdhbadongleedsenshoy stmagdhen thage€opegeessiing '
apparatus generates the double- density Y;. inage for the pixel falling

W th th%a$@@egnoﬁ@daal@a (ﬁbferrquatDoEI65)32tha pixel haviagia higher,
~correlation is selected, and the pixel value in the frame having the
hi gher t%%r@%ﬁ%%?bﬁem%lsﬁtl®s9¢hencbhve@@Qh@r@gnﬁlxelgeaﬁuate@ t he

double density image, and anot her pixel value in the double-
The 1mage processing apparatus generates the double-

density 1mage for the plxel falllng with the background area. -
Referring to FIG. 32,da o£Xel having a higher correlation-is
Selected and the plxel value in the frame hav1ng the hlgh
correlatlon is set as the corresoondlng plxel 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 doubieJdensity image is generated based'
fon the pixel value of the background hav1ng less noise.

. The. 1mage”process;ng apparatus generates the double—
'den51ty image for the plxel falllng with the foreground area.
1Referrrng to.FIG. 32, a pixel hav1ng a hlgher,correlatlon is
selected' and the pixel value in the frame having the hlgher
correlatlon is set as the correspondlng plxel value in the
gdouble—density image and another pixel value in the double—
densrty 1mage is generated based on equatlon (4) or (5)

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

FIG. 34 illustrates the example_of'an input image




density image i s generated based on equation (4) or (5). FIG 34 through
FIG 42 illustrate the results. of the generation of the'BqQthgﬁg&ﬁ§ity.
i mage by the inmage processing- -apparatus-of the present invention. FIG 34
illustrates the exanple of an input inmage 6 Septenber 2005 - 67 having the

shutter time 2ts. FIG 35 illustrates the exanple of an enlarged i mage.
containing a mxed area in the input inmage having the shutter tinme 2ts.
FIG. 36 illustrates a change in the gi xel value with respect to a pixel

position in the input imge containing the m xed area and having, the
shutter time 2ts. Referring to FIG 36, the-abscissa represents the pixel
position, and the ordinate represents the pixel value. FIG 37 illustrates
t he exahpreénegfthehahntspdetdmet B&sdoubl e-density i mage generated by the
i mage. processi ng apparatus in response to the input inmage. FIG 38 is an
enl arged vi dWof thellHadtratege oie teramoldl of densétyaigegeinamnt ai ni ng t he
m xed area, generated, by the image processing apparatus in response to the -
i nput | YREERTEIRY 30 Pived arefamBetin iRRUpi kBRrggahavingt hheespect to the
pi xel po ig%on-in..the hal f side, of the.double-density inage, containing
. the nix%%“ 48, tHYBnefB¥ed by the image ' processing apparatus in response
| to-the;inpu%fdﬁﬂ§% if%ggggggggto'FlG. 39, the abscissa represents the -

pi xel | g_change in the pixel value with
' ':respedt t§ a pixei pdsition in the input image containing
. the mixed area and having the shutter time 2ts. Referrihg'
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 vieonfrfﬁeihalf 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 thé other half of fhe doubléfh

-density image generated by the image processing apparatus in

- response to the input image. The‘doublefdensity image




position., while the ordinate represents the pixel value. FIG. 40
illustrates the other half 'of the double-. density '”3996%S$%%§&€80§y t he
i mage processing apparatus in response to the input im

doubl e-density i mage 6 Septenber 2005 - 68 illustrated, in FIG 40 is a
next inmage subsequent to the double-density inage illustrated in FIG 37.
FIG 41. is an enlarged view of the other half of the doubl e-dénsity i mage,
contai ning the m xed area, generated y the inmage. processing apparatus in
response to the input image. FIG 42 plots a change in the pixel value with
‘respect to the pixel position in the other half of the double density image
containing the mxed area, generated by the image processing apparatus in
responséliosthetedpiuh Fuaged0 Ref arnerg toabkGsuhequlhe absehssa
represents the pixel -position, while the ordinate represents the pi xel

val ue. dpaubhe-deublitydénsieyilkagesashdwini AIELG3734-through. FIG 42
generated by the image processing apparatus, the wdth of, the m xed area
is as half &G hetly it hanferhergeXedleared tlmem‘ehenphualfnagethé\l SO in

t he-doubl e-densi ty images shown in FIG 34 through FIG .. 42 generated by
the- 1na%%uht%tésﬁﬁhEYabﬁagatu§0nt@h@lEQDUh@ @iXﬁﬁtﬁ@nablgenesaasdhalf as
the anpunt of potion blur' in the .input image. Referring to a flow :
dlagrah?YI?%%tt%fﬁﬁ PROFPES1RG, aEPaﬁthhéséno¥e§PﬁﬁSPe§@|Gbﬁohngﬂtthe
'|nage proqgssnng apparatus _

_ 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
'posltlon 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.motion
'blur'in-thelinput iﬁage. | |
Referring to a flow diagramhillustrated 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




of the present ivention for generating an irage'havgug atgouble den5|ty in
the direction of time is. discussed bel ow n step
processi ng apparatus acquires an 6 Septenber 2005 - 69 in gﬁﬁén¥%r20m5 he
acquired inmage is stored in the frame menmory 101 and the frane menory 102,
and i's del ayed by frame. Each delayed frame is fed to the correlation or
the correlati.on calculator 104. calculator 103 .In step S12, the

correl ation cal cul ator 103 caIcuIatesS}he correlation value with a '
~correspondi ng pi xel - subsequent frarreS and the calculated correlation.then
fed to the hal f-side pixel value correlation cal cul ator 104 calculates in a
value is generator 105. The the correlation value with a correspondi ng _
pi xel . inpatptinageframee adgufeedsihd@e cal subatgdigornel atigp val ue to t he
hal f - si de pixel value generator 105. In step S13, the half-side pixel

val ue geampayod0105ndgeher dramea maaloirysilhe piasel -val die1 Hfed NSy rrame, ‘
doubl e-density. i mage. fromthe', pixel value having a higher correl ation.

val ue, Bashddehavhd €ormel asi 6advabuehsupplriredaftiom the cagatek-atiogn
cal cul ator 103 and the-correlation value supplied fromthe correlation
caIcuIa?érth©4001ﬁelhaﬂbnspdéCpl&EbrvaDae .

- In step Sl2 the correlatlon calculator 103 calculates
r‘the correlatlon value‘w1th a correspondlng plxel in a
subsequent frame, and thelcalculated correlation value is
then fed to the half—side ﬁixel value generator 105. The.
-eorrelat§on caleUlator 104 ealculates the’corfelatlen value
'with a:cofrespouding plxel in'a prior frame and feeds the
: calculated correlatlon value to the half 51de plxel value

generator 105.

In step S13, the half- 81de plxel value generator 105

!generates a ha&f 81de plxel value of the double den51ty

h

' 1mage ﬁrom theiplxel value hav1ng a ‘higher correlatlon value

~ based on the correlatlon value supplied . from the correlation
';Calculator 103 and-thercotrelatlon value supplled from the
correlation calculator 104 The half*side pixel‘value
',generator 105 supplles the half-side pixel value generator.
' 106 with the generated plxel value.

.For example, the half~51de pixel value generator 105
.generates a pixel value Qfla frame havlng a double—deneity
imagerarranged ag-a position equally spaced in-time frem one
of the subsequent frame and the priorlffame‘having the

higher correlation and a target frame.



generator 105 supplies the half-side pixel val ue generator 106 with the
gener at ed pi xel val ue. For exanple, the half-side pixel §@H§£9EQ%B&§Or 105
generates a pixel value of a frame having a doubl e-density ihage arranged

at a position equally spaced in tinme fromone of the subsequent frame and
the prior frame having the higher correlation and a target frane. 6

Sept ember 2005 70 In step Sl4, the hal f-side pixel value generator 106
generates the other pixel value of the double-density i mage through the
calculation taking into the characteri%tics of the sensor, based on the

pi xel value of the target pixel and. the half-side pixel val ue of the
doubl e-density image fed fromthe hal f-side pixel value generator 105. For
exanpe the hahfsségespi xethyahyergengs ahoke 106, oenerahe5a 0PI X6 val ue of a
frame having a doubl e-density i mage arranged-at a position equally.spaced
in tinegknemnane the ‘subseqpentlf vaneeand the BbLON fRWR hgViiRgkhe

hi gher correlation and a target franme. In step 515, the hal S|de pi xel -
val ue gehepagbr th65candul heibal takshdeipitsekheakbha rgereraker ck06rout put the
~ doubl e-density imge fornmed of the generated pixel values it and the- .
processtheeﬁagsor based on the pixel wvalue of the target pixel and .

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
'e'direction of time.
épeeifibally, the correlation calculator 1O3Iand:the
'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




In this way, the inmage processing apparatus generates and outputs' the

i mage having a double density in the direction of tinme. Spegifidrabdsy. the
correlation calculator 103 and the correlation calculator 104 respectively
calculate correlations between data of-a. target pixel in a target frane
and data of pixels, corresponding to the target pixel, in a first frame-..

‘and a second frane adjacent to the target franme. Based the pixel date of

one. of the corresponding pixels Lnygjhe first frame and the second frane, .

detected by 6 Septenber 2005 - 71 the correlation calculator 103 or the

correlation calculator 104, having.a large correlation, the half-side

pi xel val ue generator 105 and the half-side pixel value generator 106 :
gener at'ehg | et adal o gl i at gy rki3 syntHes i cofrahetgeneral edldeeneen t he
target frame-and one of the first and second frames containing the L
cor r espfiftii M piiel Mgy Thete atdean daile wika hf tréde apgeetoratiati on, and
generate second frane data in a second synthesis frane generated between .

the t argBic¥dtdte Hhy 30d dihdrabi-Tide Mi%e! a4 comucF? bdesi 06 based on

t he target. pi xel _data and the first pixel data. inmage having a-double -
densi yWTHPTHE diiidt oMo 3377 1% 4 HHS: GO BT ol ahtPBatput .

generated between the target frame and one of thé.firs£ and 
.Secoﬁd frames containing the'éorféspohdiné pikel haﬁihg fhe_*
.-pixél”data with-thé‘large cbrrélation, and géneraﬁe secénd
' .fréme data in a secéﬁd-synkhesis ffﬁme_géneratedibeﬁwéenifhe_
_targef gfame,aﬁd thérothé? of'tﬁé'firs£ ahd SéCQnd frameé;
‘base& on.fhe'target pixe}‘dété and'the.first-pixél'data. An
image having'éldquble density in'thé dirécﬁioﬁ'of.ﬁime is
“tﬁuéngéneréfed and oﬁtpu£f : | _ S
The half—sid§ pi?el valﬁé generator 1@5,and'the half-

side]pixel‘véiue'generator 106 generate the first synthesis

i, ' , o - , :
spaced in time from the first frame and the
- target frame, and the gecond synthesis frame equally spaced

frame equally

-in'timé from theaéegondlframérand the target:fraﬁe.
Referfing to a flow.diagrgm_illustrated in,FIG._éé,'a

ptﬁCéss_of time résoluti0n of‘thé imége pfoceéﬁind apéaratus
of the presen£'in§eﬂtion for'genefating an imagéfhéving a
aoﬁble density in thé direction of timeris discﬁssed below.

| In step 831{ the image prddessing apparafus acquires an
image having a sﬁytte# time 2ts: fhe acquired image is
.stored_in the fraﬁe_memory 101 and'the_ffame memory 102.

-and is delayed by frame. Each delayed frame is fed tQ the ..




The hal f-side pixel value generator 105 and the half- side pixel value
generator 106 generate the first synthesis frane equallyssgﬁ@ﬁgaiba tlﬁEi
fromthe first frame and the target frame, and the second synhthesi’s rane
equal |y spaced in time fromthe second frame and the target-frang.
Referring to a flom1d|agran1lllustrated in FIG 44, a process of tine.
resol uti.on of the inage processing apparatus of the present invention for
generating -an i mage having a doubl e sity in the direction of tineis

di scussed below. " In step S3%, the inege processing apparatus acquires an
i mage having a shutter tinme 2ts.' The acquired image is stored in the _
frame nenory 101 and the frane nenory 102. and is del ayed by, frane. Each
del ayedcpragtaicdohedaliom lidter. H@3Sepiemhercdiiéﬂifioﬁoééﬁt@lagﬂrC@b@U|ator
103 or the correlation calculator 104, In step 532, the correlation
calculator 103 %b@mu$ézesthhecebselmtEOMatabcﬂlaaodllbsreameulat@sxe| val ue
between 'a pixel in a target frame and a corresponding pixel in a
subsequkht #Paptutandafiuedsft Redafferaneevahueiaklt valdief berenes af the .

pi xel values to the hal f-side pixel val ue generator 105. The correTatlon
Calcula?btedOEn @ataﬁggtegrame and a correspondlng plxel in a

subsequent frame and feeds the absolute value of the

dlfference of the plxel values to the half—81de plxel value

'generator 105 The correlatlon calculator 104 calculateS'

L

‘the absolute value of a dlfferenCe 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
105. |

The correlatlon calculator 103 or. the correlatlon
calculator 104\may detect a dlfference between the plxel
. ' :

values as a correlatlon
. u -

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

l.supplled 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- Slde 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



t he absolute value of a difference in pixel-value between the pixel in the
target frane and' a corresponding pixel in a prior,‘Traneasgﬁgmbaﬁﬁggs t he
absol ute val ue of the difference of the plxel val ues to the hal f-side pixel
val ue generator 105, .The correlation calculator 103 or. the correlation
calculator 104 may detect a difference between the pixel. values .nss a
‘correlation. In step S33, the-half-side pixel. value génerator 105.. sets
the pixel value having a smaller absql te-value as a hal f-side pixel '
val ue-in the doubl e-density image, based on the absolute value of the
di fference of the pixel values supplyed fromthe correl ation cal culator -
103 and the_ absolute value of the difference of the pixel values
suppl i edefteometheycaheekakirenacabaukaten1@4r $peciki ¢akl y, the half-si de
pi-xel. val ue generator. 105 copies the pixel value of.one of. the . -
corresp@ndmegamumelSaﬂnuﬁheosumeequehﬁchéveﬂehaedatmergemor frane with
respect to the target frane 6 Septenber 2005 - 73 detected by the .
correl acrenedaltdohat e 208ivelt Helueoinekhei egntaketkattenmt04, * whi chever :
has a larger correlation, as a pixel value in theée synthesis frane gener at ed
bet weengeRereaegebetrane ahd thegehefohmehandubbeqoent ofrahe and the prior
frame having the pixel value having the larger correlation. The hal f-side
pi xel véPEée@éﬁéﬁaféﬁmQOBH@eéﬂg Pﬁeoﬁaﬁia@?deaﬁiﬁelthalnexgéneaauer 106

-_mnth a. gouble density image

aving the larger correlatlon
The;half—srde plxelrvalue generator:los feeds the half-
=_side.pixel'value generator:106 with;a-douoleedensity;image
with theﬁpikel-value;haviugrtue‘smaller absolute'valueiof
differencet 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-consaderatlon—the‘,_ |
‘lCharaGterlStlcﬁ 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‘subtractlng the-plxel value of_the prxel 1nqthe'double~
density image with theipikel 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




wi th the, pi xel val ue haV|ng t he snaller -absol ute vaIue of difference. In
step S34, the hal f-side" pixel value generator 106. geneg a%ﬁg her

pi xel . -value of the doubl e-density inage through the cal cul"ation ta I ng |
into consideration the characteristics of the CCD based on.the pixel value
of the 15. target frame and the ‘doubl e-density image with the pixel -'value .
having the smal | er absolute value of difference fed fromthe half-side-

pi xel value generator 105. For exanplg; the half-side pixel value generator
106 calcul ates the other pixel value of the doubl e-density inage by
subtracting the pixel value of the pixel in the double density inmage. with

t he pi xel val ue having the smaller absolute value. of difference froma

val ue ed@ableodengiity thegepinelingalthe @bnehetp@xﬂlsaltduidanaﬁﬁ frame. In
step S35, the half-side pixel value generator 105 and the. half-side plxel
val ue. Béﬁéﬂatéheleeueﬁﬁpuﬁlmﬁets Bapt ¢irse pr20@5 s74nddaubl e- density i mage -
havi ng the.._generated pixel value and haV|ng the shutter tinme is and the
process endsInIhbl%HW%Ymeyhethelf hagle- iyel pyabhevgbuergener ad6r 105
copi es the, pixe|] data of the one of the corresponding pixels in the first.
and SECSHngFaﬁﬁg Békett datpyofnhéheorrel afi shecapecukrarondiog andetlse

correlatloghcalculator 104, whichever has a larger correliation, as the
first ptRef*Bafar?h #he ??FgPds§ﬁFﬁ§§l§eF?§ﬁ§dg§Heﬁ&ﬁeGOEéFWQénO@he target

frane anglculator 103 and the correlatlon calculator 104 whlchever
| 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~srde 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'invention the image
processrng apparatus of the. present 1nvent10n generates the
double densrty 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_lnage processing apparatus
of this'inventio%;generates an image having'a double-denslty,
. in the direction-of time. By repeatlng the above process,

4;f01d{'85fold, and 16 fold den51ty lmages may be generated




the one.of the.first and second franes having the correspondlng dat a
having the |arger correlation. The half-side pixel value gepg éﬁ%@goéﬁ6
calcul ates the second pixel data by subtracting the first pix ata from
a value equal to tw ce the target plxel data. One of the correlation-

cal cul ator "103 and the correlation 'cal cul ator 104 detects the difference
of the pixel data as the correlation. In accordance with the present
invention, the inage processing appgizat us of the-present invention
generates t he doubl e-density. inage haV|ng the shutter tine'ts fromthe

i mge having the shutter. tinme 2tsand outputs the double density image. In
t he: above di scussion, the inmage processing apparatus of this invention
gener at es arTheragerdres N @ doablle) dlensif ythe nfddmgthuettionfodmti nme. By.
repeating the above. process, 4-fold, 8-fold, and 16-fold density inages
may be §eftrapedigh¥s bThethevéirattdénthe theesvvehetheofotieground is from
left to right, but the direction of the novenent of the foreground object
i s not FPREUEEURD @Ryepar iFcOPAr ldmiseti 6n. aliye peerisonlias mbtrddtiicred t he
CCD. The sensor may be any solid-state i mage pi ckup device, such as CNCS

( Conpl enent arie I‘?@%Omsdél%erﬁﬂé@n’iﬁ%t‘féﬁ GGhage Toensensox mBBDbEBuCket . -
Bridge Devic % a CID (Charge Injection Device) or a CPD (Charge Prlnlng
Devi ce) *FheSSbhdoitate nHPa‘F"? nli”t R Ao semsotuaihi @k FWeP udes a matrix of

detector el enments be sensor in_which a line of detector eIenents
i s (Co mp{m%entary Met 1 Oxf&e 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. | |
‘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_rﬁeaim may be a maglnetic disk 51 (_such
':as a flexibiemdiSk); an'optical.disk-SZ (such as a CD-ROM
(COmpact—DiSk ReadQOhly‘Memory) DVD (Dlgltal Versatlle :
hisk)i, a magnetooptical disk 53 (suoh as MD (Mlhr— |
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 oontained
“in thehstorage u%it'ZB; |
The preseﬁt-inventiohjincludes'a‘process in whioh‘steps

~describing a program stored in the Storage medium are




arranged. The storage nmedium storing a programfor performng the signal
processing of the present invention includes a package ”@géMQ%MQQ
distributed to supply the user with a- sof tware program separate f on1a
conputer, as shown in FIG 1. The package nedi um may be a nmagnetic dISk 51
(such ~as a flexible-disk), an optlcal di sk 52 (such as a CO-ROM
(Compact - Di sk Read-Only Menory); DVD (Digital Versatile Disk)), a

magnet oopti.cal disk 53 (such as ND;(Méﬂ'[)sk) (Tradenane) ), a.

sen conductor nenory 54. The storage ™nedi um al so i ncludes a ROM 22 mhlch
stores a programand .is supplied in a conputer to the user or a hard disk
contained in the storage unit 28. . The present invention, includes a
processseéauehithlivepsrdesneibingthepoageanisteretdd) the st grageseedi um
are - 76 sequentially performed in. the order described, and a process in
whi ch siepehack peepor aed parparmEdehnopasamaeatekyse@hheﬁeu@an bei ng
sequentially perforned. Industrial Applicability The present invention:
resul t sTeRhaR Fh@@ebﬁavgnQGQUhnghaﬁéﬂspeyfpnmeﬂe direction of tine and a
natural -1 ooki ng notion blur. 6 Septenber 2005 - .77 CLAIMS -

Industrial Applicebility
The present lnventlon results in an 1mage hav1ng a hlgh o -

den51ty in the. dlrectlon of tlme and a natural looklng

\

| motlon bilur.




1. An image processing apparatus for proce55|ng at i mage forned of pixel
data. of franmes, obtai'ned by a sensor including detectorgeLgpmpdSoofach.
having a time integration ef fect, ~conprising: correlation detector neans
for detecting-a correlation betmeen pi xel data of a target pixel ina
target frane from anong frames and pixel data of a corresponding.pixel in
~a first frane adjacent to the target frame, and a correlation between the
pi xel data of the target pixel in the-target frame and Pixel data pf a o
correspondi ng pixel in a second frane adjacent to the-target 'frane, and
pi xel data generator neans for generating pixel data of a first~pixel a
first synthesis frame generated between the target franme and one of the
first and second frames contai ni ngAgMsSor r espondi ng pi xel having the plxel
data with a larger correlation, based on the pixel data of .one of
t he- correspondlng pi xels in the first -and second franmes having the Iarger
correlation detected by the correlation detector nmeans, and for generating
pi xel data of- a?Fedsnge @ﬁ@ﬂeﬁsﬁnﬁ §@@@ﬁ@t§WnﬁhesE§QMQ§WEHQEﬁ@rated bet ween
the. target frame _and the other of the first and second frames, based on .
t he pi x&Padat Eowegh%ftaﬂj%% Prkel ochnfremes pi ReFadned by £haeRFest pixel, 6

Septenber fog 78 2. . An nag groce53|ng appar at us accordlng ‘to cIa|n11
nclu 1ng detector elem nt each haVLng a time integratio

effect comprising
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 generator means fer:generating pixelidata‘cf
.arfiret,pixei in a first‘synthesie frame generated-betweeni
the target franenand‘ene»or'the first‘and second frames
'containing the corresponding pixel having the pixel data
with a larger-correlation based'on‘tne'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 synthesia'frame generated between the .
target framefand*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.




pIurallégrgélggtectgételenents.arranged in a

wherein the pixel data generator neans copies the. pixel' data of the one
of the corresponding pixels- in the first and second franegsg@ghaggb@pA. .

| arger -correl ation detected by the correlation detector neans 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 franes containing the
correspondi ng pi xel having the pixel data wth the larger correlation. An
i mage processi ng apparatus according E30__(:Iaimlf.-'\/\herein'.the'pixel dat a

~generator neans generates the first ..synthesis frame at a position equal | y

spaced in time from the first frame, and the target frame, and the second
synthesis frane at a position equally spaced in time from. the second frane
and the target frame. 4. An inmmge processing apparatus according to claim
1, wherein the pixel data generator neans calcul ates the pixel data of the
second pi xel 2 by 2ubmeaist invpastse ival wereirathe auicceldidat acofcltdven fi st

pi xel . froma value equal to twice the value of the pixel data of the
target PhREPLINsthanpinadedpiacesBengtappaeanascaptosdichg poxelladats, 6
Sept enber. 2005 - 79  wherein the image is processed which is obtained by
the sefiSofPRa®PRgel pheraPrEgseerndérachoredsehpntbeafiangednidn  at | east
one directio ng' An iage processing apparatus according to claim1,
mherein??ﬁ%na panee Brbirdskle wht EFeT sCobt al akdopydehecsedsby. thaving a

10n

ector means as“the pixel data of the first

pixel in the first synthesis frame genefafed between‘the :
target frame and the one of the first aﬁd_Second frames. . -
'"contain;ggrthe.corresponding pixel having the'pixél déta_‘

with the Iarger correlation;

-37'-An imagé—proceésiﬁg_appatatué-ACCording tbfélaim 1,
‘wherein the pixél data genératdr.ﬁeans géﬁerafes ﬁﬁé firéf |
usygthéSis_ffaq? at a ﬁositioﬁ equally'spaced in time frbm_
the first fram%;and'the target frame, and'the sécond

synthesié'frameﬁétra position équélly‘épaced-iﬁ.time“from'_"
~the secbhd frame and the téfget frame.

4. An iﬁa@e proceséiné'apparétus accgrding to claim'i,'
.;whéréin the pixel'data Qenéfatdrnmeans calculates thé-bixel
'déta of the.seCdnd pixél by éﬁbtracting 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,




matrix form 7. An inmage processing apparatus according to claim 1,
wherein the correlation detector neans detects a differenggepgbmbioops xel -
data as the correlation. 8 An inmage processing nethod of an 1 nmage - :
processi ng: apparatus for processing an inage formed of pixel data of
frames, obtained by a sensor including detector elenents, each having a..
time integration effect, conprising: a correlation detection step for
detecting a correl ation between pixelgdata of a target pixel in a target

. frame from anong franmes 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 pixel in the target frame and pi xel data of a

corr espHRETrRGIpithel inags decomockrane aljiabents vtbtrhecdabgetherame, and a
pi xel data generation. step for generating pixel data 6 Septenber 2005 80
of -a fi PSPSPExBRViAJadf PReradyivhedi detrafprgenemansd abeenged ihe target
frame and one of the first and second franes, containing the. correspondi ng
pi xel havi n§2EhePPxBLrec@aPR-with a larger correlation, based on the pixel -
data of .one. of the corresponding. pixels in the first and second . frames-
havi'ng.the larger correlation detected in the correlation detection step,
and for- generating.pixel data of, a secon%gpixel in second synthesis frane

generated bet wedh tHEFardR IV ARY Srbarid 6t RS FH e 1 Seind rsecond
*  wherein the image is processed which is obtained by the
. sensor having a plurality of détector elements.arranged in a

Y

. 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




frames, based on the pixel data of the target pixel and the piXxel data of
the first pixel. 9. ‘An i mage processi ng nmet hod according

wherein the pi-el data generation step copi es.the pixel é%e .ﬁ&gbégs

t he--one of he corresponding pixels in the first and second franes havi ng
the larger correlation detected in the correlation detection. step as the
pi xel data of the first pixel in the first synthesis frane generated
between the target frame and the one of the first and second franes
cont ai ni ng the correspondi ng p|xel having . the. pixel data .with the

| arger correlation.  10. An inmage' processing nethod.' according to claim S8,
wherein the pixel data generation step generates the.first ~synthesis franme
at a- positt rofiiequapliyedpaced inrtimevhrasss sSepharbeen2®@setihe first franme
and the target frame, and the second synthesis frane at a position equally
spaced batweae thentarghé $seenadafidacreand the ta&getahﬁagecoﬁa An i mage
processi ng nmet hod according to claim8, wherein the pixel. data generation
step caféamaﬁesonhelpnnelthdataroéspbedsagopdxpﬁxahvbngsubérg@kbmg t he
val'ue of the pixel data of the first pixel. froma val ue equal to twce

t he val ﬁétéfwltgb pi kxergdat gosteihbionr geaspilxeh. thBt pi%dl. dAnai oEge
processi ng nethod according to claim@8, wherein the inage, is.processed :
whi ch. ?Eeoﬁgth%dcﬁyr?ﬁE0n§Eh§oplh%¥$ngnatbﬁufarstyaoﬂ detendor . elenments

atrangeg rames 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‘
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 clain 8,
whereln the plgel data generatlon step coples the. plxel data
of the.one of %he correspondlng pixels 1n the first and

‘_second-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 method‘according to claim 8,
whereln the . plxel data generatlon step generates the flrst

synthe51s frame at a position equally spaced in time from




at | east one direction. 13. An image processing nethod according to claim
wherein the image is processed which is obtained by the .§§§§Qﬁm9gmgng a.
plurality of detector elenments-arranged in a matrix form 14.. An inmage
processi ng nethod according to.claim8, wherein the correlation detection
step detects a difference. of the pixel, data as the correlation. 15. A
storage nediumstoring an i mage processing, 6 Septenber 2005 - 82 conputer
readabl e program for processing anui@qgg formed of pixel data of franes,
obtained by a sensor including detector elenents,. each having atine
integration effect, the programconprising: a correlation detection step
for detecting a correl ation between pixel data of a target pixel in a
target theaherftrofiramengndlranestaandtptxehedabtadotha seeoagpondi ng pi xel in
a first frane adjacent to the target frane, and a correlati on between. the
pi xel dayathéstihefrangestpaxedsiniont hguebigesphcadeinntdipexétondata of a
correspondi ng pixel in a second. frame adjacent to.the target frame, and a

pi xel defta gerendt fomnetendf ke gemeyati Ayapexel data of a first pixel in a
- first-synthesis frane. generated between the target frame and one of the

first and 'second frames containng the correspondi ng. pi xel havi ng t he
pi xel 11. An image-précegsiﬁg méthod.according to claim 8, |
'wheréin the p¢xei-déta géneratibn étep calculatés‘tﬁé bixel 
-déta of the seééﬁd'pixel:py'subtracting the value bflthe

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

the valég of the pixel data of the farget pixel. .

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

i
o7 & o
13. An imége proceSsing'method according to claim 8,
'wherein_the'imagelis processed which is obtained by the
Sensor having;a plutality of detector elements arranged 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,




data with a- Iarger correlatlon based on the plxel data of one of the

correspondi ng pixels in the first and second frames haV'Q%e@Eﬁbé@&ﬂ?r

correlation detected. in the correlation detection step,
generating pixel data of a second pixel in a second synthesis frane

‘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
t he first*pixet.. 16.- A storage. nedlght according to claim 15 wherein 6
Sept enber 2005 - 83 the pixel data géneration step copies the pixel data

of the one of the corresponding pixels in the first and second franes

having. the larger correlation-detected in the correlation detection step-
as the pprplitdat aceflabhe birogtampifsel proctbeihyr ah swatkesosmbrane
generated bet ween the target franme and the one of the first and second
frames poKedi dihg thefremeespohdingegdi kgl ahaehagrt hacpiehgdata with the

| arger correlation. 17. A storage nedium according to claim15, wherein the
pi xel dé?EQQEQEratﬁ@ﬁngﬁepeageneaateg &heimer shteymthéshsefrage,at a
position equally spaced in tine fromthe first franme and the target frane,

and thetgecﬁﬁﬁg§?ﬁtﬁeepelﬁﬁaﬁe at a position. equally spaced in tine from

the second frame = and, the, target frame. 18. A storage nedluntaccordlng
to cIa|n115awMﬂﬁ¥ﬁ#?t1°n detectlon 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 synthes1s frame generated
between the tamget frame and one of the first and second
rframestcontalding 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




t he pi xel data generation step calcul ates the pixel data of the second

pi xel by subtracting the value of the pixel data of the B%E@&h&&&ﬁhifron‘a
val ueequal to twice the value of the pixel dataof the targe ptxel.. 19. A
st orage nedi um according to claim15, wherein the inmage is processed which
is obtained by the sensor .having a plurality of detector elenments arranged
in-at | east 6 Septenber 2005 - 84 one direction. 20. A storage nedi um
according to claim 15, wherein. the jnage is processed which is obtained
by the 'sensor having a plurality of Jetéctor el ement s arranged in a matrix.
form21. A storage medium according to claim15, wherein the correlation
detection step detects a difference of the pixel data as the correlation.

22.. A phegpamefodheaeyeasiedion atepnpupeesCORtr phkingdanai BROELBr OCEsSi ng
apparatus for processing an inmage formed of pixel data of frames obtained
by a seoserofnthadcngredptading pliesent $n enehfhavingrndt saeohat egrati on,
effect, the program conprising: a correlation detection step for detecting
a _corrétaMéenhbeimeenheiketgdataooteaataogeﬁepéxEEdimnatharget frame from
among franes and pi xel data of a corresponding pixel in a first frane

' adjacen@otéeleEl@ar@etettaﬂe stead ascbheepazebndbeameénthhefprxeI dat a of

t he target ixel in
plxe in the first synthe51s frame generated between the'

target‘frame.and the one:of the‘flrst 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,theatargetdﬁrame.

'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 tw1ce 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'plerality of detector elements arrandged in at least




the target frame, and pixel data of a corresponding pixel in a second frane
adjacent to the target frame, and a piXxel data. generatiogsgh@Rod o5 _
generating pixel data a-first pixel in a first synthesis frame generated 6
Sept enber 2005 - 85 - between the target frame and one of the first and '
second frames contalnlng the correspondi ng pixel having the pixel data
with a larger correlation, based on the pixel data of one of the
~ correspondi ng pixels in the first an .%econd frames- having the |arger
correlation detected in the correlation detection step, and for generating
'pi xel data of a second pixeél in a'second synthesis franme generated between
the target franme. and the other of the.first and second franes, based on
t he pi xeheddtiacaftithe target pixel and the pixel data of the first pi xel
23: A program according to claim22, wherein the pixel data generation step
copi es the pixel data of the one of the-corresponding pixels in the first.
and second frames having = . the larger correlation detected in the
correl ation detect |Edmrasjeepneﬁ;1mrh@qnomllrdﬁt1a3 of1d e ]fﬂfsﬁhdlfé(ﬁi in the

first.
' the 1mage is processed whlch is obtalned by the s5ensor
'naVLng a plural;ty'of detector elements arranged in a matrix
'eform.
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 te be'exeeuted on:a compnter'controlling

- an 1mage proce331ng apparatus for processrng an 1mage formed

of plxel data bf frames, obtalned by a sensor 1ncludlng
_detector'eiemeits, each hav1ng a time lntegration;effect,
“the prograﬁrcemnrising: | | |
a egrrelatien detection aten'fOr detecttng a

cbrreiation netneenrpiXel 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
correlatlon betweenrthe pixel data of the target pixel in |

. the target frameeand pixel data.of,arcorresponding pixel in

- a secend 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



synthe5|s frame generated bet ween the target frane and the one of the first

and second franmes containing the correspondi ng pi xel havi g e&g86256§% dat.a-
with the larger correlation. 24. A program according to. alntg erein
the pixel data generation’ step generates the first syntheS|s frame at a
position equally spaced intime fromthe first frame and the target frame,
and the second synthesis frane 'at a 6 Septenber 2005 86 position equally
~spaced in tine fromthe second fraqpeﬁpd the target frame. 25. A program
according to claim22, wherein the piXel data generation step cal cul ates
“the pixel data of the second pixel by subtracting the value of the pixe
data of the first pixel froma value equal to twice the value of the pixe
dat a of btheetar gat phxgkt 26amA phAgbam a€Ccenhdi fgrke eha Me23ndwherein the
image is processed which is obtained by the sensor- having a plurality of
detectofremeaenbetatnangedhencarrbe@ehdang pdxeechaeangZ%heApm&egram
according to claim22, wherein the image is processed which is obtained by
t he seneetahavthgaalapbaratoryebﬁtdenecbesedlenemhe aixaftgddthnod matri x -
form-28.. A program-according to claim 22, wherein the -correlation
detectl@ﬂeseéptﬂeteerseapdnﬁiegenGGEéﬁ uhetpexéhrSdaaadasethedcorreIat|on

frames ‘having the larger correlatlon detected 1n the

_correlatlon detectlon step, and for‘generatlng.plxel aata of

.a'second plxel in a second synthesis frame generated'between
“?the target frame and the ether of the flrst and second

‘frames based on the plxel data of the target- plxel and the

pixel data of the flrst p;xel.

-,23t, A program accordlng to clalm 22, wherein-the-pixei'
‘_data generatlon step COpleS the plxel data of the one of the'
‘ecorrespondlng leets in the flrst and seeond frames hav1ng

,;he_larger.ebré%lation:detected ie the cerrelatioﬁ'deteetion
-‘step as-the”pikel data.ef the first pixel inﬁthe‘first:r
‘Syﬁthesis frame generated between the target frame and the
"ene_of the'first-and second frames containing'the |

_ corresponding:pirel having the pixel data with'the larger‘_

correlation.

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

the.target_frame, and the second synthesis frame at a




29. An inage pickup device ‘conprising inmage pickup neans for outputting,
as pixel data of franes, an object inage picked up by an;kugs, I p unit
having a - 87 predetermned. nunmber of pixels, each'haviﬁgaggﬁvﬁ%&&y
integration effect, correlation detector neans for. detecting a correlation
bet ween pi xel data-of a target pixel .in a target frame from anong franes
and. pi xel data of “a corresponding pixel 'ina first frane adjacent to the
target frame, and a correlation bgig%eq the pi xel data of the target pixe
in the target frame and pi xel data of "a correspondi ng pirxel in a second
frame adjacent to the target franme, and pi xel data generator neans for
generating pixel data of = a first pixel. in a first synthesis frane

gener at pds betoeeaqualhe spagett Lnamemandromethé, tbeohir stamgdagsacond franes
contai'ning the correspondi ng pi xel having the pixel data wth a |arger

cor rel atheontabasedfoamé he pi xel  data of one of the corresponding pixels in
the first and second franmes ‘having the larger correl ation detected by the
correlation detector neans, and for generating pixel data of a second

pi xel in a second synthesis frane generated-between the target frame and
"the other of2%-heAf Preprandasecsddnir dreslaibadéd omered mpitte pdated of 't he
target pixel and the pixel data of the first pixel. 30. An inage pickup
devi ce WrIrMIRFIOL I ateRocalghbr ke h the pixel data génthatsecerdns

~copies the Pixel,data of the one of the corresponding pixels in the first
and . .Ppixe by subtracting the value of the pixel data of the L ‘

- first pixel from a value gqual to'twice'the value of the :

‘pixel data ofrthe targét'pixél.
26. A pfdé#am adcordiﬁg to'ciéim 22, wherein £he image
is processed whiCh‘is Qﬁtained by theISQQso£_having a |
‘-pluralitY'bf'detéEtor elements afféﬁgéd in at léaéf onefl
direction. o | | |
oy
27« A progfam-agcording torc;aim 22, wherein ﬁhe image
'Iis‘proceésed which.is obtained by'the‘sensor‘having a

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

 28. A program according to claim 22, wherein the
.:Correlation detection stepydeﬁectsra difference of the pixel.

~data as the correlation.

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

image picked up by'an'image pickup unit having a




6 Septenber 2005 - 88 second franes haV|ng the | arger correl ation detected.
by the correlation detector neans as the pixel data of t@%e&&ﬁ&%2&ﬁ%e| in
the first synthesis frame generated between the target frame and the one

of the first and second franes-containing the correspondi ng pi xel having .
the pixel data with the | arger correlation' .. 31. An inmage pickup device.
according to claim29, ~wherein. he pixel data generator neans generates

the first synthesis frane at a p05|t|on equal ly spaced in time. from the

first frame and the target franme,. fhe second synthesis frame at a .

“position equally spaced in tinme frontthe second frane and the target

,frame. 32.  An-inmage pickup device according to claim29, wherein the

pi xel det 8agesehahon ABAPSrCaFCcylates, t Bechi tseblﬂ?ta efmkhe second pixel by

subtracting the value. of the pixel data of the first pi xel -froma val ue:

~equal . tontadeecisheevaboe, of the pixel data of the target pixel. 33. An

i mge. pickup device according to claim29', wherein the inmage is
processed\Mudﬁrakatﬂﬁﬁudﬁxbdncﬁfmeammanh:MmMécklﬁgmﬁLﬁé&tébetioﬂeteCtor
el enents arranged in  at |least one direction. . 6 Septenmber 2005 -89 34.

~An |nageetwedmppdmalc@aeacofdangar@etlptnez9;nmhetergetheram395rom
processed whi ch. is obtained by the

among frames and plxel data of 4 corre8pond1ng plxel ‘in a
- 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.adiacent‘todthe'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 of
-the correspondtng pixels in-the flrst and second frames
hav1ng the larger correlatlon detected by the correlatlon

' detector means,'andffor generatlng pixél data of a second
_pixel 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




sensor having a pI urallty of detector eI enents: arranged in a matrix form

35. An inmmge pickup device according to clai m 29, wher ei nsﬁgﬁe&%rrz pation
det ector nmeans det’ ects a dlfference of the pixel data as the corre atlon
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second‘frames having the larger cerrelation detected hy‘the
eorreiation-deteetor means,as-the.pixe;‘data of the firat
‘piael ia the‘firet synthesis frame generated between the.
ltarget frame and the bhe-ef'the'firat'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 Ehe plxel data generator means generates the flrst
eynthe31e frame'at a p951t10n equally&spaced in tlme“from
the firetrfraderahd'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






