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IMAGE PICKUP DEVICE

Technical Field

The present invention relates to an image processing
apparatus and, in particular, to an image processing
apparatus that accounts for a difference between a signal

detected by a sensor and the real world.

Background Art

Techniques for detecting an event in the real world and
for processing sampled data output from an image sensor are
in widespread Gse.

For example, the image of an object moving in front of
a stationary predetermined background, taken by a video
camera, suffers from a motion blur when the motion speed of
the object is relatively fast.

Also, a technique that generates a high-density image
in the direction of time based on an image taken by a video
camera is used.

However, a mstion blue is not taken into consideration
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 Invention The present invention has been
devel oped in viewof this problem and it is an object of the present
invention to generate a high-density image in the direction of tine

having a natural notion blur. An inmage processing apparatus of the present
invention for processing an inmage forned of pixel data of franes,

obt ai ned by a sensor including detector elenents, each having a tine
integration effect, includes correlation detector neans for detecting a
correl ati on between pixel data of a-target pixel in a target frane from
anong frames and pixel data of a corresponding pixel in a first frane

adj acent to the target frame, and a correlation betmeen the pixel data of

the target. pi the tar et frane and a correspondlng
pi xel i neca ngcond'“#]r ame cgenthatvmq e rrFar gerf t? uaerrebe%onnéespl 3%l data

gener at or, reans fior; E§§$erat|ng pi xel data of a first pixel in a first
syntheS|s rane gene ‘ed between the target frame and one of the first
and second franes containing the correspondi ng pi xel having the pixel data
with a larger correl ation, based on the pixel data of one of the

corresporing U & S e nfddStogand second frames having the |arger
correlation detected by the correlation detector neans, and for generating

pi xel data of Taeseee@,@ne %@k ehR 13nS8GaNB ety BlelR3ibpd e AeRelat ed bet ween
the target frame and t

this problem, and it is an object of the present invention

to generate a high-density image in the direction of time

having a natural motion blur.

An image processing apparatus of the present invention
for processing an image formed of pixel data of frames,
obtained by a sensor including detector elements, each
having a time integration effect, includes correlation
detector means for detecting a correlation between pixel
data of a target pixel in a target frame from among frames
and pixel dataHof 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 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 pixeludata 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



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
generator neans nay copy the pixel data of the one of the correspondi ng
pixels in the first and second frames having the |larger correl ation
detected by the correlation detector nmeans as the pixel data of the first
pi xel in the first synthesis frame generated between the target frane and
the one of the first and second frames containing the correspondi ng pi xel
havi ng the pixel data wth the |arger 3cerrel ation. The pixel data
generator neans may generate the first synthesis frame at a position
equally spaced in tine from the first frame and the target frame, and the
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processi ng apparatus may process the image which is obtained by the sensor
havi ng a Q¥ &Jd tohOftarget pixel and the pixel data of the first

pixel.

The pixel data generator means may copy the pixel data
of the one of the corresponding pixels in the first and
second f;ames having the larger correlation detected by the
correlation detector means as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
containing the corresponding pixel having the pixel data
with the larger correlation.

The pixel”data generator means may generate the first
synthesis frame:at a position equally spaced in time from
the first frame and the target frame, and the second
synthesis frame at a position equally spaced in time from
the second frame and the target frame.

The pixel 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 twice
the value of the_pixel data of the target pixel.

The image processing apparatus may process the image

which is obtained by the sensor having a plurality of



detector elenents arranged in a matrix form The correl ati on detector neans
may detect a difference of the pixel data as the correlation. An imge
processi ng nethod of the present invention includes a correlation
detection step for detecting a correlation between pixel data of a target
pixel in a target frame fromanong franes and pi xel data of a
corresponding pixel in a first frane adjacent to the target frame, and a
correl ati on between the pixel data of the target pixel in the target frame
and pixel data of a corresponding pixel4 i-n 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 synthesis franme generated between the target

frame an e.of the first and second franmes _.caontaining the correspondi ng
pi xel ha\(fdleﬁcg% ctthoer pequeenfend:a a Pr\?arf%eé; naragtei? O 1A i&(;lnl: 25¥Y on the pi xel
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second fraBstobasethait 4 e Rintkla dat & adhe, tagget pixel and the pixel
data of the first pixel. The piXel data generation step may copy the pixel
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frames having the larger correlation detected in the
of the pixel data as the correlation.

An image processing method of the present invention

includes a correlation detection step 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 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 pixel
data generatiog step for generating pixel data of a first
pixel in a firs£ 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 £he first and second frames
having the larger correlation detected in the correlation
detection step, and for generating pixel data of a second
pixel in a seconq 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



correlation detection step as the pixel data of the first pixel in the
first synthesis frame generated between the target franme and the one of
the first and second frames containing the correspondi ng pi xel having the
pi xel data wth the larger correlation. The pixel data generation step may
generate the first synthesis franme at a position equally spaced in tine
from the first frame and the target frame, and the second synthesis frane
at a position equally spaced in tine from the second frame and the target
frame. The pixel data generation step ay cal cul ate the pixel data of the
second pi xel by subtracting the value of the pixel data of the first pixel
froma val ue equal to tmﬁce the value of the pixel data of the target

pi xel. In the i e§5|g% nmet hod, the inage may be processed which is
obtainedqﬁ qKe s haV|ng a plurallty of detector el enents arranged in
at | east one re r t y be
processed mhighe'gakgﬁaphga g%“ Qggﬁsgﬁg aV| %I&Pgl qxeqa%%dg$ector
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detect a difference of the pixel "data as the correlation. A program stored
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detection step for detecting a correlation between pixel data of a target
pi xel i nadrdargaiod @R dHion iy £ ks mndpiddla dt arf Birst
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
containing the corresponding pixel having the pixel data
with the larger correlation.

The pixel data generation step may generate the first
synthesis frame at a position equally spaced in time from
the first frame and the target frame, and the second
synthesis frame at a position equally spaced in time from
the second frame and the target frame.

The pixel data generation step 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 twice
the value of the pixel data of the target pixel.

In the image processing method, the image may be
processed which 1s obtained by the sensor having a plurality
of detector elements arranged in at least one direction.

In the image processing method, the image may be
processed which %a obtained by the sensor having a plurality
of detector elements arranged in a matrix form.

The correlation detection step may detect a difference



corresponding pixel in a first frane adjacent to the target frame, and a
correl ation between the pixel data of the target pixel in the target frane
and pixel data of a corresponding pixel in a second frane adjacent to the
target franme, and a pixel data generation step for generating pixel data
of afirst pixel in a first synthesis frane generated between the target
frame and one of the first and second franmes containing the corresponding
pi xel having the pixel data with a |larger correlation, based on the pixel
data of one of the corresponding pixelss-n the first and second franes
having the larger correlation detected in the correlation detection step,
and for generating pixel data of a second pixel in a second synthesis

frame gen ed het wee the target fr and the other of the first and
second fo‘ra%%(é’se, polé‘se\éﬁ 5T I ptl%xeglcoara]ieg%mt%e target pixel and the pixel

data of the first gyl o Toe pixel, data generation i ep may copy the pixel
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frames containing the corresponding pixel having the pixel dat with the
larger card @ atd et e & ol alndy rdenerAtd O st 6 S8y generat e the first

synthesis franme at a position equally spaced in tinme from
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 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 cOrggsponding 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 in a second synthesis frame generated between
the target frame and the other of the first and second
frames, based on the pi#el data of the target pixel and the
pixel data of the first pixel.
The pixel data generation step may copy the pixel data

of the one of th% corresponding pixels in the first and

second frames having the larger correlation detected in the

correlation detection step as the pixel data of the first



the first frame and the target frame, and the second synthesis frame at a
position equally spaced in time from the second frane and the target

frame. The pixel data generation step may cal culate the pixel data of the
second pi xel by subtracting the value of the pixel data of the first pixel
froma value equal to twice the value of the pixel data of the target

pi xel . The image may be processed which is obtained by the sensor having a
plurality of detector elenents arranged in at |east one direction. The

i mmge may be processed which is obtarnéd-by the sensor having a plurality
of detector elenents arranged in a matrix form The correlation detection
step may detect a difference of the pixel data as the correlation A
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the target pixel i'n the target frame and pixel ta of a correspondi ng
pi xel in.a@eqond 1fdre adjacetido the target frane, and a pixel data

generation step for generating pixel data of a first pixel in a first
synthesi s franmmegpngeat adtheywneratthent 8tegt may generate the first
synthesis frame at a position equally spaced in time from
the first frame and the target frame, and the second
synthesis frame at a position equally spaced in time from
the second frame and the target frame.

The pixel data generation step 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 twice
the value of the pixel data of the target pixel.

The image may be processed which is obtained by the
sensor having glplurality 0of detector elements arranged in
at least one difection.

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.

A program of the present invention causes a computer to
perform a process, wherein the process includes a

correlation detection step for detecting a correlation

between pixel data of a target pixel in a target frame from



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
having the larger correlation detected in the correlation detection step,
and for generating pixel data of a second pixel in a second synthesis
frame generated between the target frane and the. other of the first and
second franes, based on the pixel data of the target pixel and the pixel
data of the first pixel. The pixel datéa-generation step may copy the pixel
data of the one of the corresponding pixels in the first and second
frames having the Iarger correl ation detected in the <correlation detection
step as t t.he f| ' rst synthesis_frane
gener at ed r;'be Htetatls 2 erge)tejfraartcea aogd % em‘ernees‘p n‘tl“h%gf ’§"?Pa3rfti econd
frames 0 t pi xe V\nththe
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spaced i reddn(® JHPPiddne dsae@énrtsﬂf f4 agr angd e dargstef rame, Jhepixel data
generation step nmay calculate the pixel "data o the second pi xel by

subt r act ifGinidh@dsldintofed htne Placeiedat e, tdied fd nstxi x@dtf rom a val ue

equal to tw ce
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
correspogding 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 in a
second synthesis frame generated between the target frame
and the otherlef the first and second frames, based on the
pixel data of fﬁe target pixel and the pixel data of the
first pixel,.

The pixel data generation step may copy the pixel data
of the one of the corresponding pixels in the first and
second frames having the larger correlation detected in the
correlation detection step as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and‘the one of the first and second frames

containing the corresponding pixel having the pixel data

with the larger correlation.



the value of the pixel data of the target pixel. A conputer executing the
program may process the inmage which is obtained by the sensor having a
plurality of detector elenents arranged in at |east one direction. A
conput er executing the program may process the imge 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. An inmage pickup device of the present invention

i ncl udes i mage pi ckup nmeans for outputt®irg, as pixel data of franmes, an
obj ect imge picked up by an i mge pickup unit having a predeterm ned
nunber of pixels, each having a tinme integration effect, correlation

det ect or means, for .detegting correlation between pixel t a of t ar get
i xel 1 n  tAPGeP g PR oA e RS eAg PR AP o ERBE ddea F A1rst
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and a co at1on between the pixe ta o arget pixe i'mt he t ar get
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to the target frame, and pixe generator neans for generating pixel
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target frame and one of the first and second” frames containing the
correspoRieng eRiond Mawienainid e x@lrgedatdaMd.h a larger correl ation, based

on the pixel data of

The pixel data generation step 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 twice
the value of the pixel data of the target pixel.

A computer executing the program may process the image
which is 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 elemeﬁts arranged in a matrix form.

The correlétion detection step may detect a difference
of the pixel data as the correlation.

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 begyeen pixel data of a target pixel in a

target frame from among frames and pixel data of a

corresponding pixel in a first frame adjacent to the target



one of the corresponding pixels in the first and second franes having the
| arger correlation detected by the <correlation detector neans, and for
generating pixel data of a second pixel in a second synthesis frane
generated between the target franme 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 generator neans may copy the pixel data of
the one of the corresponding pixels in the first and second frames having
the larger correlation detected by thelOcorrelation detector neans as the
pi xel data of the first pixel in the first synthesis frame generated
between the target franme and the one of the first and second franes

taini t he cor.respaondi i xel. _havin he npi xel ta ith the |arger
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pi xel by rHublel aghingitae vallde @i orPintBln 1A Yorddh didplpsilaxel Trom a
val ue equal to twce the value of the pixel data of the target pixel. The
i mage proeessSrd adeviree pR%er 96ess fihe d MRGR NMYIEN 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 by the

correlation detector means, and for generating pixel data of

a second pixel in a second synthesis frame generated between

the target frame and the other of the first and second

frameé, based on the pixel data of the target pixel and the

pixel data of %he first pixel.

The pixel aata generator means may copy the pixel data
of the one of the corresponding pixels in the first and
second frames having the larger correlation detected by the
correlation detector means as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
containing the corresponding pixel having the pixel data
with the larger %prrelation.

The pixel data generator means may generate the first

synthesis frame at a position equally spaced in time from



i s obtained by the sensor having a plurality of detector elenents arranged
in at | east one direction. The i mge processing device nay process the

i mge which is obtained by the sensor having a plurality of detector

el ements arranged in a matrix form The correlation detector nmeans may
detect a difference of the pixel data as the correlation. A

nat ural -1 ooki ng image high in density in the direction of time is thus
obtai ned. Brief Description of the Drawings FIG | is a block diagram
illustrating one enbodi nent of the +nhge-processing apparatus of the
present invention. FIG 2 is a block diagramillustrating the construction
of the inmage processing apparatus. FIG 3 is a diagramillustrating an

pixers: g S Radl od R vade ettt W TR Q%
Phe. i nput 6 I G A Ve Faten i T Taa et b e msloy o ¢
phot ogr aph NG A RP) 8% £ Wl LSRNAI NG 410 @-Jipvi ng foreground and an obj ect
corresponding to a stationary background. FIG 7B illustrates a nodel of an
i mage that isrtnabpakeedghyaphehedhaBh REaaR ARieeh1cNHePNd R Lq a
data of the second pixel by subtracting the value of the
pixel data of the first pixel from a value equal to twice
the value of the pixel data of the target pixel.
The image processing device may process the image which
is obtaiped by the sensor having a plurality of detector
elements arranged in at least one direction.
The image processing device may process the image which
is obtained by the sensor having a plurality of detector
elements arranged in a matrix form.
The correlation detector means may detect a difference
of the pixel dgta as the correlation.
A natural—iooking image high in density in the

direction of time is thus obtained.

Brief Description of the Drawings

FIG. 1 is a block diagram illustrating one embodiment
of the image processing apparatus of the present invention.

FIG. 2 is a block diagram illustrating the construction
of the image pro%pssing apparatus.

FIG. 3 is a diagram illustrating an image pickup

operation of a sensor.



novi ng foreground and an object corresponding to a stationary background.
FIG 8 illustrates a background area, a foreground area, a mxed area, a
covered background area, and an uncovered background area. FIG 9 is a
nodel diagramillustrating pixel values of a line of adjacent pixels
developed in tinme axis in an imge of the object corresponding to the
stationary foreground and the object corresponding to the stationary
background. FIG 10 is a nodel diagramillustrating the pixel values
developed in tinme axis for a duration b2 tine corresponding to shutter
time 2ts, which is divided. FIG 11 is a nodel diagramillustrating the

pi xel values developed 1.0 in the tine axis for the duration of tine

correspondi ng t he. hut er t| 2t which divided. FIG 12 is a nodel
diagran1i||usF?§t|%g 5FS 5P&§s°&e9&ﬁ§ &d in the tinme axis for

the duration 9§§F!§E&%§BEE?§%%QdEﬂ% %ge&ﬁ%l%Q“t%ea S ATAS T gkﬁgﬁ's

divided. FIG rates extracte the foregroun t he

packground ar eag agdpliesmigdianeda BleGenld eblsus! haland g relati onshi p

bet ween t he pi xel's pi xel “val ues are devel oped

inthe UifRAHSofldErekx i1 are@%ﬁﬁ‘] éj'iﬁgrtq{Q ' |1‘11H§é & inggihe pixel
val ues devel oped in the tine axis for a duration of tinme

FIG. 7A illustrates an image that is obtained by
photographing an object corresponding to a moving foreground
and an object corresponding to a stationary background.

FIG. 7B illustrates a model of an image that is
obtained by photographing an object corresponding to a
moving foreground and an object corresponding to a
stationary background.

FIG. 8 illustrates a background area, a foreground area,
a mixed area, a covered background area, and an uncovered
background area.

FIG. 9 isng model diagram illustrating pixel values of
a line of adjacént pixels developed in time axis in an image
of the object corresponding to the stationary foreground and
the object corresponding to the stationary background.

FIG. 10 is a model diagram illustrating the pixel
values developed in time axis for a duration of time
corresponding to shutter time 2ts, which is divided.

FIG. 11 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time

corresponding to the shutter time 2ts, which divided.

FIG. 12 is a model diagram illustrating the pixel



corresponding to the shutter time 2ts, which is divided. FIG 16 is a nodel
diagramillustrating the pixel values developed in the tinme axis for a
duration of tinme corresponding to the shutter tinme 2ts, which is divided."
FIG 17 is a nodel diagramillustrating the pixel values.. developed in the
time axis for a duration of tinme corresponding to the shutter tinme 2ts,
which is divided. FIG 18 is a nodel diagramillustrating the pixel val ues
developed in the time axis for a duration of tine corresponding to the
shutter time 2ts, which is divided. -FL& -19 is a nodel diagram
illustrating the pixel values developed in the tinme axis for a duration of
time corresponding to the shutter tinme 2.ts, which is divided. FIG 20 is
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the results of the process exam nes e appropriat eness’ o _
process foreSetiidIGdheyr Hine!a ¥l Uesfaving & flgh.correl ation to a pixel

in the half side of a double-density I nmage.

FIG. 14 illustrates the relationship between the pixels
and the model in which the pixel values are developed in the
time axis.

FIG. 15 is a model diagram illustrating the pixel
values developed in the time axis for a duration of time
corresponding to the shutter time 2ts, which is divided.

FIG. 16 is a model diagram illustrating the pixel
values developed in the time axis for a duration of time
corresponding to the shutter time 2ts, which is divided.

.EIG. 17 is a model diagram illustrating the pixel
values.develoﬁéq in the time axis for a duration of time
corresponding té the shutter time 2ts, which is divided.

FIG. 18 is a model diagram illustrating the pixel
values developed in the time axis for a duration of time
corresponding to the shutter time 2ts, which is divided.

FIG. 19 is a model diagram illustrating the pixel
values developed in the time axis for a duration of time
corresponding to the shutter time 2ts, which is divided.

FIG. 20 is g -diagram illustrating the process performed

on the pixels in the mixed area.

FIG. 21 is a'diagram illustrating a chronologically



FIG 24 illustrates the results of the process which exam nes the
appropriateness of the process for setting the pixel value having .a high
correlation to a pixel in the half side of the double-density imge. FIG
25 illustrates the results of the process which exam nes the

appropri ateness of the process for setting the pixel value having a high
correlation to a pixel in the half side of the double-density imge. FIG
26 illustrates the results of the process which exam nes the

appropri ateness of the process for seti4ng the pixel value having a high
correlation to a pixel in the half side of the double-density imge. FIG

27 illustrates the results of the process which exam nes the -
approprlat ss_af the ss for setting the i xel val ue having a hig
correl at i atGi T eetI‘i"aﬁefn &iRf Jtrhetrgeod%]l)be%eﬁﬁ‘?ac yarichaage. - 15

FIG 28 Ilugyrates %%% re§ylts of the process which exanines the _
approprlf téeness gfeihe process for setting the pixel value having a high

correlation tgra p? %ra?iﬁggggghfllﬁhg%r% 1%%3 d%%%%noQ%%éit %lnage. FI G

29 is a dlagramll roCess Yt he

backgr oundeanea.e 1BltGondd i b%tq}e%q{ aamﬂll)JeHSt rr?&{l‘@ ﬂ}fgcfcaqs%a paﬁ{é ormed on
a pixel in the foreground area. 3l 1s lagramillustrating a
process pAKAr RRd ye .
FIG. 23 illustrates the results of the process which
examines the appropriateness of the process for setting the
pixel value having a high correlation to a pixel in the half
side of & double-density image.
FIG. 24 illustrates the results of the process which
examines the appropriateness of the process for setting the
pixel value having a high correlation to a pixel in the half

side of the double-density image.

FIG. 25 illustrates the results of the process which

\
[

examines the'appropriateness of the process for setting the
pixel value having a high correlation to a pixel in the half
side of the double-density image.

FIG. 26 illustrates the results of the process which
examines the appropriateness of the process for setting the
pixel value having a high correlation to a pixel in the half
side of the double-density image.

FIG. 27 illustrates the results of the process which
examines the appgppriateness of the process for setting the
pixel value having a high correlation to a pixel in the half

side of the double-density image.



on a pixel inthe mxed area. FIG 32 is a diagramillustrating a process
performed on'a pixel in the background area. FIG 33 is a diagram
illustrating a process perforned on a pixel in the foreground area. FIG

34 illustrates the exanple of an input image. FIG 35 illustrates the
exanple of an enlarged input image. FIG 36 illustrates a variation in the
pi xel value with respect to a pixel position in the input image. FIG 37
illustrates the exanple of a double-density image. FIG 38 illustrates the

exanpl e of an enlarged double density 1page. FIG 39 illustrates a
variation in the pixel value corresponding to a pixel position in the input
image. - 16 FIG 40 illustrates the exanple of the double-density inmage.
FIG 41 illustrates the exanple of the enlarged double- density imge. FIG
42 illustrat eglg'vérsi éﬁilblﬁtirﬁtteﬁe thiex & s e © fo dhite SFOF@STy WG A4 pi xel
position in the i i ma I is a flowdiagramillustrating the

ut e. FIG 43
process of i r eolalﬂﬁ%’rprg’%teerrhetsi%rf’ﬁ RAMIRIPSET neye FREFIRE atiubl e
denSity_ﬂf&éf“%éﬁdéﬂﬁgéghéﬁatﬂfg%jé%é¥g¥g€§§%Lto a pixel in the half
side of the double-density image.
FIG. 29 is a diagram illustrating a process performed
on a pixel in the background area.
FIG. 30 is a diagram illustrating a process performed
on a pixel in the foreground area.
FIG. 31 is a diagram illustrating a process performed
on a pixel in the mixed area.
FIG. 32 is a diagram illustrating a process performed
on a pixel in the background area.
FIG. 33 is a diagram illustrating a process performed
on a'pixel in the foreground area.
FIG. 34'i£}ustrates the example of an input image.
FIG. 35 illustrates the example of an enlarged input
image.
FIG. 36 illustrates a variation in the pixel value with
respect to a pixel position in the input image.
FIG. 37 illustrates the example of a double-density
image.
FIG. 38 illustrates the example of an enlarged double-
density image. -
FIG. 39 illustrates a variation in the pixel value

corresponding to a pixel position in the input image.



FIG 44 is a flow diagramillustrating the process of tine resolution
generation in which an image having a double density in'the direction of
time is generated. Best Mdde for Carrying out the Invention FIG 1 is a

bl ock diagramillustrating one enbodi nent of the inage processing
apparatus of the present invention. A CPU (Central Processing Unit) 21
executes a variety of processes in accordance with software prograns
stored in a ROM(Read Only Menory) 22 or a storage unit 28. A RAM (Random
Access Menory) 23 stores software pregrans executed by the CPU 21 and data
as necessary. The CPU 21, the ROM 22, and the RAM 23 are interconnected to
each other through a bus 24. The CPU 21 is connected to an input and out put
interface 25 throu t, bus 24. Al so connected to the - 17 _input and

out put interfggg'Z%%aﬁgﬁ§ﬁqﬁﬁ5ﬁ§|E?% 9ﬂ§mﬁiﬂ19£s§§e KIS ders fduse, or a
m crophone, and an output unit 27 such as a display or a |oudspeaker. The
CPU 21 ei&ﬁﬁ%& a variety of processes in response to a conmmand i nput from

the input unit 26. .The CP Qut put s _an i.na Qi ce,, etc. bt ai ned as a

result of theFggdcééséglﬁggfééeguﬁékﬁ %ﬁ%ﬂplf7%%%ﬁ'E%f%ﬁ%%ﬁ?ﬁﬂﬂ%% &

connectex&é&gg%yaﬂ and output interface 25, is a hard disk, and stores
execut

the program ( by the CPU 21 and a diversity of pieces of data. A
Connun'cat'onFﬁﬁtt4%9i99%gQQbQ%%e%\Véyléybﬁ%gﬁfQ%k pixel value

corresponding to a pixel position in the input image.

FIG. 43 is a flow diagram illustrating the process of
time resolution generation in which an image having a double
density in the direction of time is generated.

FIG. 44 is a flow diagram illustrating the process of
time resolution generation in which an image having a double

density in the direction of time is generated.

Besthode for Carrying out the Invention

FIGc. 1 iswg block diagram illustrating one embodiment
of the image prbcessing apparatus of the present invention.
A CPU (Central Processing Unit) 21 executes a variety of
processes in accordance with software programs stored in a
ROM (Read Only Memory) 22 or a storage unit 28. A RAM
(Random Access Memory) 23 stores software programs executed
by the CPU 21 and data as necessary. The CPU 21, the ROM 22,
and the RAM 23 are interconnected 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



apparatus through the Internet or other networks. In this case, the
comuni cation unit 29 works as a capturing unit for capturing the output
fromthe sensor. A software program nmay be obtai ned t hrough the

conmmuni cation unit 29 and nmay be stored in the storage unit 28. Wen a
drive 30, connected to the input and output interface 25, is |oaded with a
magnetic disk 51, an optical disk 52, a magnetooptical disk 53, or a

sem conductor nenory 54, the drive 30 drives the recordi ng nmedi umt hereby
acquiring a software program and data.1The acquired software program and
data are transferred to and stored in the storage unit 28 as necessary.
The process of the inage processing apparatus for generating an imge

havi ng a .hi density in the directi - 18 of tine fro he data captured

from the J’srg%‘khcorarici od%/tspc"{}‘ss]ébte %‘?N.zo%aée 21 TP ok Ui é)r%ﬁlﬁ}F 13%strating

the construgtion, of the i rocessi,ng apparatus. Wet her fhe functions
Ky %%%m i?P@ﬂHWﬁéWﬂtﬁﬁtmueis

of the i mad’e Opﬂ'ro%’esas inhodlsaep’gg :t TGP . . . of
ot Lo o b SISO SRR, O MR S SR L o e
diagram e Jmf ign ldle Nare fETAISH IR B S Wddrflha CABAL "en the
input unit 26. The CPU 21 outputs an image, voice, etc.
obtained as a result of the processes to the output unit 27.
The storage unit 28, connected to the input and output
interface 25, is a hard disk, and stores the program
executed by the CPU 21 and a diversity of pieces of data. A
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 unit’
for capturing the ocutput from the sensor.
4A software program may be obtained through the
communication[%nit 29 and may be stored in the storage unit
28. |
When a drive 30, connected to the input and output
interface 25, is loaded with a magnetic disk 51, an optical
disk 52, a magnetooptical disk 53, or a semiconductor memory
54, the drive 30 drives the recording medium thereby
acquiring a software program and data. The acquired
software program and data are transferred to and stored in
the storage unit@28 as necessary.

The process of the image processing apparatus for

generating an image having a high density in the direction



in an i mage corresponding to a noving object, and caused by the novenent
of the object in the real world to be imaged and the inmaging
characteristics of the sensor. In the description of the invention, an
imge corresponding to an object in the real world to be inmaged is
referred to as an i mage object. The input imge fed to the i nage processing
apparatus is input to a franme nenory 101, a correlation calculator 103,

and a hal f-side pixel value generator 105. The frame nmenory 101 stores the
i nput inmage frame by frane, and feedsig8he stored inage to a frane nenory
102, the <correlation calculator 103, the correlation calculator 104, and
the hal f-side pixel value generator 105. Wien a frame #n+l of the input

et g of e PRkt Oh T 0 0 G (TSt RIS 10 o he St SRR TEh

cal cul at Qi, the correlation calculator 104, and the half 5|de pi xe
val ue genérator 105. The frame #n+l is a franme in succession to the frane

#n, and the frame #n.Js gk ”%ﬁa§5%393§% Sqn?%ghgfﬁﬁﬁg“%gﬂﬁ;%UC£Tg$%L;32E

menory 102 stores the i mage su romt nmenor

the storeg |ﬂfp€ga_rﬁac¢{é Qﬁro&éjésrﬁl&talpﬁﬁax%aéﬁé“ ator 104, and the hal f - si de

pi xel value generator 105. Wien t I mage processing apparatus is

supplied w thyhlenkRpihe FaGRtbnintls thide ihaaf® g 1132 apparatus
are embodied in hardware or software is not important. 1In
other words, each block diagram in this description may be
considered as a hardware block diagram or a software
functional block diagram.

The motion blur here refers to a distortion, contained
in an image corresponding to a moving object, and caused by
the movement of the object in the real world to be imaged
and the imaging characteristics of the sensor.

IIn the description of the invention, an image
corresponding %9 an object in the real world to be imaged is
referred to as én image object.

The input image fed to the image processing apparatus
is input to a frame memory 101, a correlation calculator 103,

and a half-side pixel value generator 105.

The frame memory 101 stores the input image frame by
frame, and feeds the stored image to a frame memory 102, the
correlation calculator 103, the correlation calculator 104,
and the half—sid%-pixel value generator 105. When a frame

#n+l of the input image is fed to the image processing

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



feeds the image of franme #n-1 to the correlation calculator 104 and the
hal f - si de pi xel val ue generator 105. The correlation cal cul ator 103
calcul ates a correlation val ue~between a target pixel in the frame #n
supplied from the frame nenory 101 and the correspondi ng pixel in the
frame #n+l, and feeds the correlation value to the half-side pixel value
generator 105. For exanple, the correlation value calcul ated by the
correlation calculator 103 is based on a difference between the pixel
value of the target pixel in the frane#n and the pixel value of the
corresponding pixel in the frame #n+l. Wen the pixel values of these

pi xel s are close to each, the correlation of the pixels is considered to

be high. In other words, the smaller the i fference of the pixel values,
the hi ghéP ttﬁ‘@ A8 FEMGTY 'HQ?%C |C§tﬁr€3ra€d1°6ul%ﬁ%frﬂf§£rcé1%l s a

correlation - .20 . val ue between targe i xel_.in the frame #n supplied

From. t hEoPEEta hH AT LFOL AR (e b Lpn Aty SR Heinga Mdhme. #n- 1

suppl i ed e&g&]%ﬁg Hbgne menory 102, and feeds the resulting correlation
- Si

val ue to%Hhe fa € pixel value generator 105. For exanple, the

correl ation yq U%raﬁ@'gghﬁtﬁg gyf&@%é:rHE%é?%éﬁ%éﬁgcy&a%g%n%ggﬁ%s based on

. n
a difference between e pixel value o prxe rame #n

and the pipgel pvaliyeaf ghhe car respending Ricels 1 I e ik 4L The
hal f - si de pi xel value generator 105 generates a

The frame memory 102 stores the image supplied from the
frame memory 101, and feeds the stored image to the
correlation calculator 104, and the half-side pixel value
generator 105. When the image processing apparatus is
supplied with the input image of #n+l, the frame memory 102
feeds the image of frame #n-1 to the correlation calculator
‘104 and the half-side pixel value generator 105.

The correlation calculator 103 calculates a correlation
valug\between a target pixel in the frame #n supplied from
the frame memo%y 101 and the corresponding pixel in the
frame #n+l,.andrfeeds the correlation value to the half-side
pixel value generator 105. For example, the correlation
value calculated by the correlation calculator 103 is based
on a difference between the pixel value of the target pixel
in the frame #n and the pixel value of the corresponding
pixel in the frame #n+l. When the pixel values of these
pixels are close to each, the correlation of the pixels is
considered to be high. In other words, the smaller the

difference of the pixel values, the higher the correlation.

The correlation calculator 104 calculates a correlation



pi xel value of an inmage having a double density in the direction of tine
corresponding to the franme #n, based on -the correlation val ue supplied
fromthe correlation calculator 103 and the correl ati on val ue supplied
fromthe «correlation calculator 104, and the pixel values of the frane'
#n-1 through the frame #n+l. The generated pixel values are fed to a
hal f - si de pi xel val ue generator 106. The generated pi xel values are also
out put as an inmage having a double density in the direction of tinme. The
i mage having a double density in the-digection of tine is also referred to
a doubl e-density image. The hal f-side pixel value generator 105 al so
supplies the half-side pixel value generator 106 with the inmage of frane
#n. The half-side pixel value generator 106 generates - 21 anot her pi xel
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calculated by the correlation calculator 104 is based on a
difference between the pixel value of the target pixel in
the frame #n and the pixel value of the corresponding pixel
in the frame #n-1.

The half-side pixel value generator 105 generates a
pixel value of an image having a double density in the
direction of time corresponding to the frame #n, based on
the correlation value supplied from the correlation
calculator 103;'and the correlation value supplied from the
correlation Caiqulator 104, and the pixel values of the
frame #n-1 throﬁgh the frame #n+l. The generated pixel
values are fed to a half-side pixel value generator 106.
The generated pixel values are also output as an image
having a double density in the direction of time.

The image having a double density in the direction of
time is also referred to a double-density image.

The half-side pixel value generator 105 also supplies
the half-side pixel value generator 106 with the image of
frame #n.

The half-side pixel value generator 106 generates



The sensor is forned of a CCD video canmera having a CCD (Charge- Coupl ed
Devi ce) area sensor as a solid-state image pickup device. An object 111,
corresponding to the foreground in the real world, horizontally noves from
the |, left-hand side to the right-hand side between an object 112
corresponding to the background in the real world and the sensor. The
sensor captures the images of the object 111 corresponding to the
foreground together with the object 112 corresponding to the background.
The sensor then outputs the captured 2bmge in units of one frane. For
exanple, the sensor outputs an inmage forned 30 frames per second. The
exposure time of,the sensor is thus 1/30 second. The exposure tine is a
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value generator 105, and the image of frame #n, and outputs
the generated pixel value as an image having a double
density in the direction of time.

Referring to FIG. 3 through FIG. 19, the input image
fed to the image processing apparatus is discussed below.

FIG. 3 illustrates the imaging operation by a sensor.
The sensor is formed of a CCD video camera having a CCD
(Charge;Coupled Device) area sensor as a solid-state image
pickup de&ice. An object 111, corresponding to the
foreground in the real world, horizontally moves from the
left-~hand sidetpo the right-hand side between an object 112
corresponding £5 the background in the real world and the
sensor.

The sensor captures the images of the object 111
~corresponding to the foreground together with the object 112
corresponding to the background. The sensor then outputs
the captured image in units of one frame. For example, the
sensor outputs an image formed 30 frames per second. The
exposure time of*the sensor is thus 1/30 second. The
exposure time is a duration of time from the beginning of

the conversion of input light into electric charge and the



When the sensor captures the inages, a single detector elenent outputs a
pi xel value corresponding to a single pixel formng the inage. For

exanple, the location of each detector elenent in the X direction
corresponds to a location in the horizontal direction of the inmage and the
| ocation of each detector elenent in the Y direction corresponds to _a

| ocation in the vertical direction of the image. Referring to FIG 5, the
detector elenent as the CCD converts the input light into electric charge
for a duration of tinme corresponding 2 t+he shutter tinme, and accunul ates
the resulting electric charge. The amount of electric charge is
substantial l'y proportional to the intensity of input light and the period
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for a duratjon of time correspondlng to the shutter tinme, and stores the
el ectric charge responsive to the integrated |light. The detector el enent
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stored in the detector elene converte into a voltage value by an
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represent individual pixels. The pixels are arranged on a
plane corresponding to the image. A single detector element
corresponding to a single pixel is arranged on the sensor.
When the“sensor captures the images, a single detector
element outputs a pixel value corresponding to a single
pixel forming the image. For example, the location of each
detector element in the X direction corresponds to a
location in the horizontal direction of the image and the
locatlon of each detector element in the Y direction

| i
corresponds to a location in the vertical direction of the

i
image. |

Referring to FIG. 5, the detector element as the CCD
converts the input light into electric charge for a duration
of time corresponding to the shutter time, and accumulates
the resulting electric charge. The amount of electric
charge is substantially proportional to the intensity of
input light and the period of time during which light is
input. During tﬁg period of time corresponding to the

shutter time, the detector element adds, to the already

accumulated charge, charge into which the input light is



digital data, and then output. The individual pixel values output fromthe
sensor have a value projected in one- dinensional space, which is obtained
by integrating, with respect to the shutter tine, a given portion of an
obj ect corresponding to the foreground or the background, and having a
spatial expanse. FIG 6 plots pixel data of the sensor having an
integration effect in response to the input of light responsive to the
input. Referring to FIG 6, f(t) represents a chronologically ideal pixel
val ue responsive to the input light-ad8 +nfinitesinmal tine. Referring to
FIG 6, the horizontal solid lines represent pixel values of the input

i mage captured by the sensor. Referring to FIG 6, the horizontal broken
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The electric charge stored in the detector element is
converted into a voltage value by an unshown circuit, and
the voltage value is converted into a pixel value such as
digital_gata, and then output. The individual pixel values
output from the sensor have a value projected in one-~
dimensional space, which is obtained by integrating, with
respect to the shutter time, a given portion of an object
corresponding to the foreground or the background, and
haVlng a spatial expanse.

FIG. 6 plg}s pixel data of the sensor having an
integration efféct in response to the input of light
responsive to the input. Referring to FIG. 6, f(t)
represents a chronologically ideal pixel value responsive to
the input light and infinitesimal time.

Referring to FIG. 6, the horizontal solid lines
represent pixel values of the input image captured by the
sensor. Referring to FIG. 6, the horizontal broken lines
represent the piﬁgl values of an image having a double
density in the direction of time.

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



val ue Y3;
f(t)dt -

output fromthe sensor is expressed in equation (3).
(1) 1is 31 VY2 =f2 f(t)dt
y(3) 2 Equations(4)and(5)are obtained by rewiting equation(3). Vi

- (2) ts 31 Y3 =1 f(t)dt

2 1YL =1
2ts Y1 +
=2Y3-

Y2(4) Y2 =2Y3- YI(5)
val ue Y2 of the pixel

I f the pixel

value Y3 fromthe sensor and the pixel

data corresponding to the duration

fromtime t2 to

time t3 are known,

the duration fromtine tl

t he pi xel
to

val ue Vi

time t2 is calculated fromequation (4).

of the pixel

data corresponding to
| f
val ue Y1 of the

totine t2 are

the pixel value - 25 Y3 fromthe sens®»¢ and the pixe
pi xel data corresponding to the duration fromtine ti
known, the pixel value Y2 of the pixel data corresponding to

from time tl to time t3,

and is represented by Z2ts,

On the assumption that the pixel wvalue of a single

piece of pixel data is represented by the uniform

integration of an ideal pixel value f(t),

of

to

Y2

t2

time t3 is expressed in equation

to time t3 is expressed in equation

the pixel value Y1

the pixel data corresponding to the duration from time t1

(1), and the pixel value

of the pixel data corresponding to the duration from time

(2) , and the pixel

value Y3 ‘output from the sensor is expressed in equation (3).

2 1
Yl = f f(t)dt - — (1)
1 S
. , 1 .
v2 = [Crmat - = (2)
2 5
. 3 1
Y3 = f fodt - —
1 i 2ts (3)
Y1+ Y2
5
Equations (4) and (5) are obtained by rewriting
equation (3) .
Yl = 2:¥3 - Y2 (4)
Y2 = 2:¥3 - Y1 (5)
If the pixel value Y3 from the sensor and the pixel

value Y2 of the pixel data corresponding to the duration

from time t2 to E}me t3 are known, the pixel value Yl'of the

pixel data corresponding to the duration from time tl to

time t2 is calculated from equation

(4). If the pixel wvalue



the duration fromtinme t2 to tine t3 is calculated from equation (5). If
the pixel value of one pixel and one of the pixel values of the pixel data
corresponding to the two durations wth respect to the one pixel are known
in this way, the pixel value of the other of pixel data corresponding to
the two durations is calculated. FIG 7A illustrates an inmage that is
obt ai ned by inmaging an object corresponding to a noving foreground and an
obj ect corresponding to a stationary background. As shown the object
corresponding to the foreground horizohsally noves fromthe | eft-hand side
to the right-hand side with respect to the screen. FIG 7B illustrates a
nodel diagramin which the pixel wvalues in a single line of the inage
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the equation (5). .
If the pixel value of one pixel and one of the pixel
values of the pixel data.corresponding to the two durations
with respect to the one pixel are known in this way, the
pixel va}ue of the other of pixel data corresponding to the
two durations is calculated.
FIG. 7A illustrates an image that is obtained by
imagiﬁg an object corresponding to a moving foreground and
an object corresponding to a stationary background. As
shown} the object corresponding to the foreground
horizontally'é%yes from the left-hand side to the right-hand
side with respéét to the screen.
FIG. 7B illustrates a model diagram in which the pixel
values in a single line of thé image illustrated in FIG. 7A
are developed in time axis. The horizontal direction of FIG.
7B corresponds to the direction of space X in FIG. 7A.
The pixels in the background area have pixel values
formed of only the component of the image corresponding to
the background iject (hereinafter referred to as the

background component). The pixels in the foreground area

have pixel values formed of only the compcnent of the image



background conponent and the foreground conponent. Since the pixels in the
m xed area are forned of the background conponent and the foreground
conponent, it may be called a distorted area. The m xed area is divided
into a covered background area and an uncovered background area. The
covered background area is a portion of the mxed area corresponding to a
forward end of the object of the foreground in the direction of novenent
thereof, and in the covered background area,' the background is covered
with the foreground with the el apse-o26t+ne. In contrast, the uncovered
background area is a portion of the m xed area corresponding to a backward
end of the object of the foreground in the direction of novenent, and in

t he uncovered backgrou the roun r th t he. el apse of
time. InSHi's ﬁ%yéiqgr%a mﬁﬁ%ﬁ%uncyfﬁgﬁég)g} Wﬁe %ﬁ&ﬁﬁﬁ%ﬁ

the covered qhgr covered background area is fed, as
t he |nput%)§§ge to eaéﬁy%sk% I#rame nennry 101, the correlation
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expl ai ns the background area or eg roun the m Xed area, the
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of the image 1llustrated in FIG 7, the background "area 1s a stil

portion, #he pifxregriountantikds A dPURY RPN £ 1k avEigshhagkgr ound
component and the foreground component, it may be called a
distorted area. The mixed area is divided into a covered
background erea and an uncovered background area.

Thewpovered background area is a portion of the mixed
area corresponding to a forward end of the object ef the
foreground in the direction of movement thereof, and in the
covered background area, the background is covered with the
foreground with the elapse of time.

In contrast, the uncovered background area is a portion
of the_mlxed';;ea corresponding to a backward end of the
object of the fereground in the direction of movement, and
in the uncovered background, the background is appearing
with the elapse of time.

In this way, an image, containing the foreground, the
background, the covered background area, and the uncovered
background area is fed, as ﬁhe input image, to each of the
frame memory 101, the eorrelation calculator 103, and the
half-side pixel zelue generator 105.

FIG. 8 explains the background area, the foreground

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



of the m xed area is a portion where the background transitions into the
foreground, 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 pixel values of a line of consecutively arranged

pi xel s developed in time axis in an inmage of the object corresponding to
the noving foreground and the object corresponding to the stationary
background. For exanple, the pixels arranged in a line of the inage are
selected as a |ine of adjacent pixels Pixel values FO1l through FO4
illustrated in FIG 9 are ii those of the pixels corresponding to the
object of a still foreground, and pixel values B0l through B0O4 illustrated

[ FIG 9 t h f th i xel di to.th hj,ect f ill
backgr oo ek AT I AT { A8mIToR €6 BOFt OMFSE RTGUSSTaE esent s
the el apsf c1\:'](16II E. t&@e&a?%ﬂ%cpfartehae id eact nigJ:llegpﬁc%hrot\:’\f]orll nHG 9

. the
corresponds totine conversion o |nC|’den1% on t he

sensor | i SLAAd Gr AP YA A Ide batd el agy %aé)gqen{frg angl e

shown in corresponds to ti e conversion t

| ncident (N dhe eSOt ddl O LILUING SIS SN nadfyroting! T cally, the
di stance fromthe top side to the bottom side o f%e ectangle refers to
the shut t@faddifB AsS-into the foreground, and the uncovered

background of the mixed area is a portion where the

foreground transitions into the background.

FIG. 9 is a model diagram illustrating pixel values of
a line Qﬁ consecutively arranged pixels developed in time
axis in an image of the object corresponding to the moving
foreground and the object corresponding to the stationary
background. For example, the pixels arranged in a line of
the image are selected as a line of adjacent pixels

Pixel valges FOl through F04 illustrated in FIG. 9 are
those of the'p&gels corresponding to the object of a still
foreground, anaﬁpixel values B0l through B04 illustrated in
FIG. 9 are those of the pixels corresponding to the ocbject
of a sill background.

The vertical direction from top to bottom in FIG. 9
represents the elapse of time. The top side of the
rectangle shown in FIG. 9 corresponds to time at which the
conversion of light incident on the sensor into electric
charge starts, agﬁ the bottom side of the rectangle shown in

FIG. 9 corresponds to time at which the conversion of light

incident on the sensor into electric charge ends.



In the discussion that follows, the shutter tine 2ts and the frane
interval are equal to each other. The horizontal direction in FIG 9
corresponds to the direction of space X discussed with reference to FIG

7. Specifically, in the exanple showmn in FIG 9, the distance fromthe

| eft side of the rectangle designated "FO1" to the right side of the
rectangl e designated "B04" as shown in FIG 9 corresponds to eight tines
the pixel pitch, nanely, corresponds to the extension of 8 consecutive

pi xel s. When the object of the foregrodd-and the object of the background
are still, light incident on the sensor remains wunchanged for a duration
of tinme corresponding to the shutter. tine 2ts. The duration of tine

correspondi ng t.o the shuyttey, tine s is._divided ipto at |east tw equa
Congt b’ SeRd e ST ST AR T IR SRrEH BREM ¢ ho
nodel illustrat in Fl 9 .becones the e as illustrated,in FIG 10. The
virtual &WViS rfe érecl%sa%e Lﬁ?r?t%aﬁﬁ B‘é’ i%&}eos sttty th’o‘u_nt of
nmovement v OfEbh%hgbhggEuggﬁggsgggql@gl%%%sghghgog%%%%%@dti Lhinthe
shutter time s.” The anmpbunt “of novenenf Vv i'ndicates a variation'in the

posi ti on _of [ I ndj t-h \VJ ject in units of pixel
a e 1#7gR ah%tre%q di,ng etcglfal etontéalz%g og%leezc

spaci ng. For exanple, en the imge t he - ject corresponding to

the foregroung,poyes;and+aRPaRLEctIBACSH 2RANT obYhOWLRINEE! $.0R @ next
frame with respect to

direction of space X discussed with reference to FIG. 7.
Specifically, in the example shown in FIG. 9, the distance
from the left side of the rectangle designated "F0l" to the
right side of the rectangle designated "B04" as shown in FIG.
9 corresponds to eight times the pixel pitch, namely,
corresponds to the extension of 8 consecutive pixels.

"When the object of the foreground and the object of the
background are still, light incident on the sensor remains
unchaﬁged for a duration of time correspoﬁding to the
shutterltime'2¥§.

The duratign of time corresponding to the shutter time
2ts 1s divided into at least two equal length segments. For
example, when a virtual divisor number is 4, the model
illustrated in FIG. 9 becomes the one as illustrated in FIG.
10. The virtual divisor number is set up taking into
account the amount of movement v of the object corresponding
to the foreground within the shutter time 2ts.

The amount of movement v indicates a variation in the
position of the image corresponding to the moving object in

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



the original position in one given frane, the ampunt of novenent v of the
i mge of the object corresponding to the foreground is referred to as 4.
For exanple, the virtual divisor nunber is set to 4 when the anmount of
novenent of the object is 4, and the duration of tinme corresponding to the

shutter tine 2ts is divided into 4 segnents. The topnost row illustrated
in FIG 10 is a divided segnent at the begi nning of the opening of a
shutter. A second rowillustrated in FIG 10 is a divided segnment that
cones second fromthe opening of the-shatter. A third row illustrated in
FIG 10 is a divided segnment that comes third fromthe opening of the
shutter. Afourth rowillustrated in FIG 10 is a divided segnent that

cones fourth fromthe opening of the shutter. The shutter tinme 2ts
segnent e@F Te SEFFES RV IR gfé’n&d}ﬁ T SRRV S S IS FRRG T ed to as
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qual's a val ue that I's obtai ned by -di vi ding e pIX val ue
foreground is referred to as 4.
For example, the virtual divisor number is set to 4
when the amount of movement of the object is 4, and the
duration of time corresponding to the shutter time 2ts is
divided_;nto 4 segments.
The fbpmost row illustrated in FIG. 10 is a divided
segment at the beginning of the opening of a shutter. 2
second row illustrated in FIG. 10 is a divided segment that
comes second from the opening of the shutter. A third row
illusirated ini ' FIG. 10 is a divided segment that comes third
from the-openigg of the shutter. A fourth row illustrated
in FIG. 10 is afdivided segment that comes fourth from the
opening of the shutter.
The shutter time 2ts segmented in response to the
amount of movement v is also referred to as shutter time
2ts/v.
When the object corresponding to the foreground is
still, the light incident on the sensor remains unchanged.
The foreground cgmponent FO0l/v equals a value which is

obtained by dividing the pixel value F0l1 by the virtual

divisor number. Similarly, when the object corresponding to



FO2 by the virtual divisor nunber, the foreground conmponent FO03/v equals a
val ue that is obtained by dividing the pixel value FO3 by the virtual

di vi sor nunber, and the foreground conponent FO04/v equals a value that is
obtained by dividing the pixel value FO4 by the virtual divisor nunber.
When the object corresponding to the background is still, the |ight

i nci dent on the sensor renmains unchanged, and the background conponent
BO1l/v equals a value that is obtained by dividing the pixel value V01 by
the virtual divisor nunber. Simlart+y30when the object corresponding to

t he background is still, the background conponent B02/v equals a val ue that
is obtained by dividing the pixel value B02 by the virtual divisor nunber,

t he background conponent, BQ03/v equals a value that is obtained by dividing
the pi xe?d"\?alr}tﬁ’é U titfe S\Flrjt\ﬁual lg‘tﬁ Vid§9 FCOMRRP e THKGr ound

component_ B04/ v _equal s val ue that_.i.s tai ned by dividing .the pixel
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correspongdi-ng tq.the . foregr i.S i1, Light, 1nci on .t he sensor
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t he foreground conponen utter tinme t comes first
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the shutter time 2ts/v that cones second fromthe op
component F04/v equals a value that is obtained by dividing

the pixel value F04 by the virtual divisor number.

When the object corresponding to the background is
still, the light incident on the sensor remains unchanged,
and the background component BOl/v equals a value that is
obtained by dividing the pixel wvalue V01l by the viftual
divisor number. Similarly, when the object corresponding to
the background is still, the baékground component B02/v
equa;s a value: that is obtained by dividing the pixel value
B02 by .the vir%gal divisor number, the background component
B03/v equals a.Qalue that is obtained by dividing the pixel
value B03 by the virtual divisor number, and the background
component B04/v equals a value that is obtained by dividing
the pixel value B04 by the virtual divisor number.

In other words, when the object corresponding to the
foreground is still, light, incident on the sensor and
corresponding to the object of the foreground, remains
unchanged for th%-duration of time corresponding to the
shutter time 2ts. Therefore, the foreground component FO0l/v

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



shutter, the foreground conponent FOl/v for the shutter tine 2ts/v that
cones third fromthe opening of the shutter, and the foreground conponent
FO1/v for the shutter tine 2ts/v that comes fourth fromthe opening of the
shutter becone the sane value. The sane is true of FO02/v through FO4/v.
When the object corresponding to the background is still, light, incident
on the sensor and corresponding to the object of the background, remains
unchanged for the duration of tinme corresponding to the shutter tinme 2ts.
Therefore, the background conponent BO3lv-for the shutter tinme 2ts/v that
conmes first fromthe opening of the shutter, the background' conponent

BOL/ v for the shutter time 2ts/v that conmes second fromthe opening of the

shutter, bac und onent BOl/y for the i me 2ts/v that
cones thlrd e “open q%g<ﬁr?Qf°%ﬂtt?%ﬁpoﬁﬁﬂfrﬁgfﬁ%d% rgthd conponent

BO1/v forsl'M]cecesLhur:tltmer éés% Ztt}'?a{t f?]%s S OCEToenC% ftor.u t%%%ér?ﬁnr%ggﬁ %g%Of the

shutter becone 't rue of
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backgrounthd sd¥eRp@UndMddngdde@biEet/v for the shutter time 2ts/v

that comes fourth from the opening of the shutter become the

same value. The same is true of F02/v through F04/v.

When the object corresponding to the background is
still, light, incident on the sensor and corresponding to
the object of the background, remains unchanged for the
duration of time corresponding to the shutter time 2ts.
Therefore, the background component B0l/v for the shutter
time 2ts/v that comes first from the opening of the shutter,
the background ‘component B0l/v for the shutter time 2ts/v
that comes secgnd from the opening of the shutter, the
background component B0l/v for the shutter time 2ts/v that
comes third from the opening of the shutter, and the
background component B0Ol/v for the shutter time 2ts/v that
comes fourth from the opening of the shutter become the same
value. The same is true of B02/v through B04/v.

Discussed next is the case in which an object
corresponding to the foreground is moving while an object
corresponding to the background is stationary.

FIG. 11 is a model diagram illustrating'the pixel

values of a line of pixels developed in the time axis,




corresponding to the foreground noving rightwardly. Referring to FIG 11,

t he anobunt of novenent v of the foreground is 4. Since one frane is a
short period 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 image of the object of the foreground is shifted rightwardly by 4

pi xel s on the next frane with respect to a given frane. Referring to FIG
11, the leftnost pixel to the fourth pixel in the frame fromthe |eft-hand
side thereof belong to the foregroundiarea. The fifth pixel to the seventh
pi xel belong to the m xed area, which is a covered background area.
Referring to FIG 11, the rightnnst pi xel belongs to the background area.
Since the_object of the f r.ound ves in a manner %bCh that it covers

the obj edP'SEHhE KLIHS ﬁf Eeii l%ﬂ%ﬁﬁﬁ??ﬁ With "homiiiTt s cont ai ned

in the plxel val ues of el s bel o to t.he covered background area
change fcromets’l?engzic roung1 r?prer(r’errﬁur}‘%%ﬁvg?%relgq onent at a

poi nt of Rtlf_rg;fr\@ 't% tEl}% dulrlat 191, % gj}% épﬁoq;exﬁ O e pi xel values

M encl oséd in a solid box as 'shown 11N are expresse ‘%y t he

fol I ow ngqqualdioly (& 4 MsBAZeY ohieBR2bY lEOZJ \éhar'%og/e ¥168) ofS (Wl De
di scussed | at’er using equatlon g? 837 nixture ratio representé a
ratio of @PAKIPINGLCUHRIGHe object corresponding to the
foreground is a solid body and moves at a constant speed
holds. As shown, the image of the object of the foreground
is shifted rightwardly by 4 pixels on the next frame with
respect to a given frame.

Referring to FIG. 11, the leftmost pixel to the fourth
pixel in the frame from the left-hand side thereof belong to
the foreground area. The fifth pixel to'thé seventh pixel
belong to the mixed area, which is a covered béckground area;
Referrlng to FIG. 11, the rightmost pixel belongs to the
background areg_

Since the ;bject of the foreground moves in a manner
such that it covers the object of the background with the
elapse of time, components contained in the pixel values of
the pixels belonging to the covered background area change
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
FIG. 11 are expr%§sed by the following equation (6).

M=B02/v + BQ02/v + F07/v + FO06/v (6)

As will be discussed later using equation (8), a



of the pixel value. Hereinafter, the mxture ratio is represented by a.
For exanple, the fifth pixel fromthe left-hand side contains the.
background conmponent of a single shutter time 2ts/v and the foreground
conponent of three shutter tinmes 2ts/v, and the fifth pixel has a m xture
ratio a of 1/4. Since the sixth pixel fromthe |eft-hand side contains the
background conponent of two shutter tinmes 2ts/v and the foreground
conponent of two shutter tinmes 2ts/v, the mxture ratio a thereof is 1/2.
The seventh pixel fromthe left- hand 38de contains the background
conponent of three shutter tinmes 2ts/v and the foreground conponent of one
shutter tine 2ts/vl and the, mxture ratio a thereof is 3/4. Wen it is
assuned that_ the ohj.ect_ of the fore Qﬁ#@9<%f a.sol.id body and noves at a

f

const ant "SpEet S FAHS TFEF TGS Bf &Yt EPpERr RIS by 4

pi xels o next,  .fr t he foreground conponent FO7/v of the fourth
pi xel f?giﬁﬁﬁéaﬁﬁﬁ-Wé%1 %ide as shown in FIG 11 for the first shutter

time 2ts/v frggkghgﬁgggginQh%LP??Qu§ngggggqua&%gr%@%nkg%ggﬁﬁ _d conmponent

of the fifth pixe romthe hand “sSi as shown in for the

second shuttegti @&taméhél vtweowliff% @ﬁ%gifln&r% the SRytlendijkew se, the

f or egr ound conponen 07/v equal s ea the foreground conponent of the

si xth pixednddi0m the RfdkdthSidinhen3b s Shahd i RiGeddr foimd he third
shutter time 2ts/v fromthe

2ts/v and the foreground component of three shutter times
2ts/v, and the fifth pixel has a mixture ratio a of 1/4.
Since the sixth pixel from the left-hand side contains the
background component of two shutter times 2ts/v and the
foreground component of two shutter times 2ts/v, the mixture
ratio a thereof is 1/2. The seventh pixel from the left-
hand side contains the béckground component of three shutter
times 2ts/v and the foreground component of one shutter time
2ts/v} and thekmixture ratio o thereof is 3/4.

When it'ig assumed that the object of the foreground is
a solid body aﬁa moves at a constant speed so that the image
of the foreground appears shifted by 4 pixels on the next
frame, the foreground component F07/v of the fourth pixel
from the left-hand side as shown in FIG. 11 for the first
shutter time 2ts/v from the opening of the shutter equals
the foreground component of the fifth pixel from the left-
hand side as shown in FIG. 11 for the second shutter time
2ts/v from the ogpniﬁg of the shutter. Likewise, the

foreground component F07/v equals each of the foreground

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



opening of the shutter and the foreground conponent of the seventh pixel
fromthe left-hand side as shown in FIG 11 for the fourth shutter tine
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 image of the foreground appears shifted by 4 pixels on the next

frame, the foreground conponent FO6/v of the third pixel fromthe

| eft-hand side as shown in FIG 11 for the first shutter tinme 2ts/v from
t he opening of the shutter equals the3doreground conponent of the fourth
pi xel fromthe left- hand side as shown in FIG 11 for the second shutter
time 2ts/v~fromthe opening of the shutter. Likemﬁse the foreground

conponent FO6/ v, e sdaeﬁ? hegﬁg&ﬁqi q¥d$ q{ the fifth

pi xel frdMPHe Jeftt i $he T Rt ter
time 2ts/v fnontt of th hutt er and t e foreground c onent of
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plxels on the next frame, foregroun conponent the second
pi xel %%utter.

When it is assumed that the object of the foreground is
a solid body and moves at a constant speed so that.the image
of the foreground appears shifted by 4 pixels on the next
frame, the foreground component FO06/v of the third pixel
from the left-hand side as shown in FIG. 11 for the first
shutter time 2ts/v from the opening of the shutter equals
the foreground component of the fourth pixel frem the left-
hand side as shown in FIG. 11 for the second shutter time
2ts/v from the~open1ng of the shutter. Likewise, the

N
foreground component F06/v equals each of the foreground

i

component of the fifth pixel from the left-hand side as
shown in FIG. 11 for the third shutter time 2ts/v from the
opening of the shutter and the foreground component of the
sixth pixel from the left-hand side as shown in FIG. 11 for
the fourth shutter time 2ts/v from the opening of the
shutter.

When it is assumed that the object of the foreground is
a solid body and}moves at a constant speed so that the image

of the foreground appears shifted by 4 pixels on the next

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



fromthe left-hand side as showmn in FIG 11 for the first shutter tine
2ts/v fromthe opening of the shutter equals the foreground conponent of
the third pixel fromthe left- hand side as showmn in FIG 11 for the second
shutter tinme 2ts/v fromthe opening of the shutter. Likew se, the

f oreground conponent FO5/v equals each of the foreground conponent of the
fourth pixel fromthe left-hand side as shown in FIG 11 for the third
shutter tine 2ts/v fromthe opening of the shutter and the foreground
conponent of the fifth pixel fromthe3$eft-hand side as shown in FIG 12
for the fourth shutter tine 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 .spe 0.t hat t of t.,he ear,s shifted by
3 bl xel s T AT RE T B 0 St ar: FFa I AR | of ¢ moss
pi xel i.n_Fl Qr firs hutter. .ti ts/v from_ the
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| eft-hand side as shown in FIG 11 for t he s/v from
the opening /of g &‘tmt fo%ren%% e tHe0rBgraund conprenent oknkhe fourth

pi xel fromthe left-h

foreground component FO05/v equals each of the foreground
component of the fourth pixel from the left-hand side as
shown in FIG. 11 for the third shutter time 2ts/v from the
opening_of the shutter and the foreground component of the
fifth pixel from the left-hand side as shown in FIG. 12 for
the fourth shutter time 2ts/v from the opening of the
shutter. |

When it is assumed that the object of the foreground is
a solid body apd moves at a constant speed so that the image
of the.foregroaod appears shifted by 4 pixels on the next
frame, the foreoround component F04/v of the leftmost pixel
as shown in FIG. 11 for the first shutter time 2ts/v from
the opening of the shutter equals the foreground component
of the second pixel from the left-hand side as shown in FIG.
11 for the second shutter time 2ts/v from the opening of the
shutter. Likewise, the foreground component F04/v equals
each of the foreground component of the third pixel from the
left-hand side as, shown in FIG. 11 for the third shutter

time 2ts/v from the opening of the shutter and the

foreground component of the fourth pixel from the left-hand



- 36 side as shown in FIG 11 for the fourth shutter time 2ts/v fromthe
openi ng of the shutter. The foreground area corresponding to the noving
object <contains a notion blur in this way, and may be thus called a
distorted area. FIG 12 is a nodel diagramillustrating the pixel values
of a line of pixels developed in the tine axis, wherein an uncovered
background area is present with the object corresponding to the foreground
noving rightwardly.. Referring to FIG 12, the anount of novenent v of the
foreground is 4. Since one frane is a 36ort period of tinme, the assunption
that the object corresponding to the foreground is a solid body and noves
at a constant speed holds As shown, the inmage of the object of the

foreground js shifted ri rd| 4 pixels an the next frane with
respect to @Wﬁ?%ﬁé?%‘eﬁ%%ﬁ o ° ?&tﬂé"?%ﬂ n’bjs”'t‘eg%e Vto the
fourth i xel fromthe |eft-hand si bel ong to the background area. The
fifth pi )Bfeﬁonf otl'i%ec’pseenvlenr% hOfpih%eef %elfqbefhegr‘t o the mxed area, which is an
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bel ongs to thé tofreground area. Sincé the o e ror ound, - whi ch
nas coverddhediie e dee NAEOUN, e 1L LR, el apee. ol 11 e
In a manner such that the obj ect of the regroun S renove romthe
front of 4;hea hackground object, the
FIG. 12 is a model diagram illustrating the pixel
values of a line of pixels developed in the time.axis,
wherein an uncovered background area is present with the
object cdrresponding to the foreground moving rightwardly.
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 corresponding to the
foreground is a solid body and moves at a constant speed
holdg} As shown, the image of the object of the foreground
is shifted rié%pwardly by 4 pixels on the next frame with
respect to a gi;en frame.
Referring to FIG. 12,.the leftmost pixel to the fourth
pixel from the left-hand side belong to the background area.
The fifth pixel to the seventh pixel belong to the mixed
area, which is an uncovered background area. Referring to
FIG. 12, the rightmost pixel belongs to the foreground area.
Since the object of the foreground, which has covered
the object of theg background, moves with the elapse of time
in a manner such that the object of the foreground is

removed from the front of the background object, the



- 37 conponent contained in the pixel value of a pixel belonging to the
uncover ed background area changes fromthe foreground conponent to the
background conponent at a point of time within the duration of tine
corresponding to the shutter tine 2ts. The pixel value M enclosed in a
solid-line box in FIG 12 is expressed in equation (7). M=F02/v + FOl/v +
B26/v + B26/v (7) For exanple, the fifth pixel fromthe | eft-hand side
cont ai ns the background conponent of three shutter tinmes 2ts/v and the
foreground conponent of one shutter ti3® 2ts/v, and the fifth pixel has a
m xture ratio a of 3/4. Since the sixth pixel fromthe |left-hand side
contai ns the background conponent of two shutter tinmes 2ts/v and the

f oreground conp n%ﬂ; of, t shytter ti S, ts/v,_the mxtyre ratio a
ther eof ISETEPASTINE HRAIRTR Atk dns AR The AR -Hartd RIS RO ¢ he
backar ouid, ARSI EIRAIS S L e AL O A
b oo RS G e ey SRR LB e S
Bis a pixehivalie fulhs Medarawyd.cand fdnaiy ad ARIrgind sonponent .
time 2ts.
The pixel value M' enclosed in a solid-line box in FIG.
12 is expressed in equation (7).
M'=F02/v + FOl/v + B26/v + B26/v (7)
For example, the fifth pixel from the left-hand side
contains the background component of three shutter times
2ts/v and the foreground component of one shutter time 2ts/v,
and the fifth pixel has a mixture ratio o of 3/4. Since the
sixth pixel from the left-hand side contains the background
compgnent of two shutter times 2ts/v and the foreground
component of't@q shutter times 2ts/v, the mixture ratio a
thereof is 1/2;; Thé seventh pixel from the left-hand side
contains the background component of one shutter time 2ts/v
and the foreground component of three shutter times 2ts/v,
and the mixture ratio o thereof is 1/4.

When equations (6) and (7) are generalized, the pixel
value M is expressed by equation (8).
M=0-B+ D Fi/v (8)
. w
where o is a mixture ratio, B is a pixel value of the

background, and Fi/v is a foreground component.
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shown in FIG 12

shutter

| eft-hand side as shown in FIG 13 for the second

nce it is assuned that the object of the foreground is a solid
body and noves at a constant speed, and the anount of novenent v is 4, the
foreground conponent FOl/v of the fifth pixel fromthe | eft-hand side as

equal s the foreground conponent of the sixth pixel fromthe

for the first shutter tinme 2ts/v fromthe opening of the

shutter tine 2ts/v from

t he opening of the shutter. Likew se, the foreground conponent FO01/v of

t he seventh pixe

third shutter time 2ts/v fromthe opening of the shutter equals the
foreground conponent of the eighth pixel fromthe |left-hand side as shown
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solid body. and v at. a constant speed, and the ampunt of novenent
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fromthe | eft-hand 38de as shown in FIG 12 for the
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conponen

2ts/v

FO2/ v

equal s ther flafegound gamanent; of Jhe/eighih plelpdionthe 4gdt-hand

shutter equals the foreground component of the sixth pixel
from the left-hand side as shown in FIG. 13 for the second
shutter time 2ts/v from the opening of the shutter.
Likewise‘ the foreground component F0l/v of the seventh
pixel from the left-hand side as shown in FIG. 12 for the
third shutter time 2ts/v from the opening of the shutter
equals the foreground component of the eighth pixel from the
left-hand side as shown in FIG. 12 for the fourth shutter
time'Zts/v from the opening of the shutter. |

Since it ig assumed that the object of the foreground
is a solid bod?fand moves at a constant speed, and the
amount of movement v is 4, the foreground component F02/v of
the sixth pixel from the left-hand side as shown in FIG. 12
for the first shutter time 2ts/v from the opening of the
shutter equals the foreground component of the seventh pixel
from the left-hand side as shown in FIG. 12 for the second
shutter time 2ts/v from the opening of the shutter.
Likewise, the foreground component F02/v equals the
foreground component of the eighth pixel from the left-hand

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



side as shown in FIG 12 for the third shutter tinme 2ts/v - 39 fromthe
opening of the shutter. Since it is assuned that the object of the
foreground is a solid body and noves at a constant speed, and the anount’
of novenment v is 4, the foreground conponent FO3/v of the seventh pixel
fromthe left-hand side as showmn in FIG 12 for the first shutter tine
2ts/v fromthe opening of the shutter equals the foreground conponent of
the eighth pixel fromthe |eft-hand side as shown in FIG 12 for the
second shutter time 2ts/v fromthe op&hitig 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. The anount of novenent v, in

turn, is typically responsive to.t speed of novenent of the object of
the for egfgéﬁ&%%gﬁe&éﬁ%loeﬁ er‘f’htuﬁ:gz%gj ect of the foreground i s noving
in a manner such th Lt righ r a ars . 4 pixels_on the next frane
wth respectgggcé gér %iﬁsgPéég,%bﬁg gﬁ%uﬁ%3§¥tn8&e§§ﬁtf3r§9r9H8 obj ect

s 4. The vir tal; dipd8or, DURNES.J S 4f USSRt 4Q g 4y | N rpsponse to the
i ar Y, the ob %%he

amount of novement V. when ect o oreground is

MOVi NG | By JHANRET Chdal, sid 4 efdardl L ARNEAT S MhbdhdH X 8loh Ap Jhie next

frame with respect to a certain franme, the ‘anount é?*hnvenenp v of the
object igne sERRnHH tidle1diptichPrenrinker ihaddus &etad SRR id FrEesponse to

t he amount of novenment v.
12 for the first shutter time 2ts/v from the opening of the
shutter equals the foreground component of the eighth pixel
from the left-hand side as shown in FIG. 12 for the second
shutter_pime 2ts/v from the opening of the shutter.

Referring to FIG. 10 through FIG. 12, the virtual

divisor number is 4, but the divisor number may respond to
the amount movement v. The amount of movement v, in turn,
is typically responsive to the speed of movement of the
objegt of the ;oreground. For example, when the object of
the foregroun&iis moving in a manner such that it
rightwardly appéars by 4 pixels on the next frame with
respect to a certain frame, the amount of movement v of the
object is 4. The virtual divisor number 1s thus set to be 4
in response to the amount of movement v. Similarly, when
the object of the foreground is moving in a manner such that
it leftwardly appears by 6 pixels on the next frame with
respect to a certain frame, the amount of movément v of the
object is 6. The, virtual divisor number is thus set to be 6

in response to the amount of movement v.

FIG. 13 and FIG. 14 illustrate the relationship between



FIG 13 and FIG 14 illustrate the relationship between - 40 the
foreground area, the background area, and the m xed area conposed of the
covered background portion and the uncovered background portion, described
above, and the foreground conponent and the background conponent responsive
to the segmented shutter tinme. FIG 13 illustrates the pixels of the
foreground area, the background area, and the m xed area extracted from
the 1image of the foreground corresponding to the object noving in front
of the stationary background. As showwyothe object of the foreground

hori zontally noves with respect to the screen. A franme #n+l is a frame
subsequent to a frane #n, and a frane #n+2 is a frane subsequent to the

frame #n+l. EIG 14 il]ustrat a.nmogel in which the pixel values of
S roe 10 aHe Govecsune Aire. s PRARG TS BEa T e B BTt e

fromthe foregroun rea, the backaground ea, ,.and th 1 xed area from any
of the fFSMECRES RPodds (Y HErh e SAAED Ml Py Adtift 1S Ve, | s
determn 0.bhe 4. Since_the abject of .the faregroun ves, the pixe

val ues i %%ca(grfoé‘lrnéeégPgtf%&%élr’egle%rggﬁ%&ecp (g)t?rvedi fafnecget(r?ﬂe Ckfoore rrdouunr#c] conponent s

' t t i t F -8, |.ef t t
of 1 he pxErerl AR R Brstidieled Skar<y AP v Ducdiony,

FO2/V,  segmented shutter time.

FIG. 13 illustrates the pixels of the foreground area,
the background area, and the mixed area extracted from the
image of the foreground corfesponding to the object moving
in front of thé stationary background. As shown, the object
of the fofeground horizontally moves with respect to the
screen.

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

IFIG. 14 illustrates a model in which the pixel values
of pixels are ggveloped in the time axis, wherein the pixels
are extracted f;om the foreground area, the background area,
and the mixed area from any of the frame #n through the
frame #n+2, and the amount of movement v is determined to be
4,

Since the object of the foreground moves, the pixel
values in the foreground area include four different
foreground components corresponding to the shutter times
2ts/v. For exampje, the leftmost one of the pixels in the
foreground area shown in FIG. 14 includes F0l/v, F02/v,

F03/v, and F04/v. 1In other words, the pixels in the



FO3/v, and FO4/v. In other words, the pixels in the - 41 foreground area
contains a notion blur. The object of the background remains still, and
light incident on the sensor and corresponding to the background remains
unchanged t hroughout the duration of tine corresponding to the shutter
time 2ts. In this case, the pixel value of the background area includes no
notion blur. The pixel values of the pixels belonging to the mxed area
formed of the covered background portion or the wuncovered background
portion include the foreground conpengnt-and the background conponent.

Di scussed next is a nodel in which pixels are consecutively arranged in a
line in each of a plurality of franmes and pixel values of the pixels at
t he sane:§03|t|ons acr oss the franmes are developed in tinme axis when the

i mage PreHP WY iea scorﬂ) Jrﬁf aFdﬁlOa%PJh% ' when t he |mage of the object
IS horlzontal nD |n to the screen, pi S on the
screen i s sel hé)fl |t§f‘ 1"’Ic (‘?(ﬂ?élélrcghtrl":'\rfléf'lle1 arS%d'r}glef C{<é11é3)§1 G 15

i s a nodel ra iI str.at t e e .of ad cent

: %a%% ”3 é‘g Jatd g Lhe Lfc#&e%w :;‘ngi %heve Sk .

plxels at 1 he Samms position = across ope
axi s, ﬁ%r‘gan&?&# ﬂ%n@médﬁ%é’fﬁﬂ& o ecg:f ©of ,d he statl onary
backgroun ramne ra subsequent to frane ¥n-
corresponding to the shutter time 2ts. In this case, the
pixel value of the background area includes no motion blur.

The pixel values of the pixels belonging to the mixed
area formed of the covered background portion or the
uncovered background portion include the foreground
component and the background component.

Discussed next is a model in which pixels are
consecutively arranged in a line in each of a plurality of
frames and pixel values of the pixels at the same positions.
across the frames are developed in time axis when the image
of an object'lg“moving. For example, when the image of the
object is horizgntally moving with respect to the screen, a
line of pixels on the screen is selected as the line of
consecutively arranged pixels.

FIG. 15 is a model diagram illustrating the pixel
values of a line of adjacent pixeis at the same position
across the three frames developed in time axis, wherein the
pixels form an image of the object of the stationary
background. A frame #n is a frame subsequent to a frame #n-

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

The same designation applies to the other frames.



1, and a frane #n+l1l is a frane subsequent to the franme #n.

desi gnation applies to the
val ues BOLl through Bl12 are
the stationary background
still, the pixel values of
the frame #n-1 through the
pi xel in the franme #n+l at
pi xel value of BO5 in the

The sane

other frames. - 42 Referring to FIG 15, pixel

t he pi xel values of the pixels corresponding to
obj ect. Since the background object remains

t he correspondi ng pi xels remain unchanged from
frame #n+l. The pixel in the frame #n and the
the sane position as that of the pixel having a
frame #n-41 42spectively have the pixel value

values of a line of
in

BO5. FIG 16 is a nodel diagramillustrating the pixel
pi xel s at the sane position across three frames devel oped in tine axi s,

he ob b d d
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leftnmost pixel inthe framé #n-1 as shown in FIG 16 for the first

shutter tdei it SinerdfdRid thendReR -Lfe e SRHARIGH StHel 2 dame #n+1 .
The pixel in the frame #n and the pixel in the frame #n+l at
the same position as that of the pixel having a pixel wvalue
of B05 in the frame #n-1 respectively have the pixel value
BOS.

“a

FIG. 16 is a model diagram illustrating the pixel

values of a line of pixels at the same position across three
frames developed in time axis, in which the object of a
still background and the object of a foreground moving

rlghtwardly as;'shown are captured. The model illustrated in

1

FIG. 16. contains a covered background portion.
Since it is assumed that the foreground object is a
solid body, and moves at a constant speed, and the image of

the foreground appears rightwardly by 4 pixels on the next

frame as shown in FIG. 16, the amount of movement v is 4,
and the virtual divisor number is thus 4.

For example, the foreground component of the leftmost
pixel in the frame #n-1 as shown in FIG. 16 for the first
shutter time 2t54v after the opening of the shutter is Fl2/v,
and the foreground component of the second pixel from the

left-hand side as shown in FIG. 16 for the second shutter



and the foreground conmponent of the second pixel fromthe |eft-hand side
as shown in FIG 16 for the second shutter - 43 tinme 2ts/v after the.

opening of the shutter is also F12/v.
third pixel fromthe left- hand side as shown in FIG 16 for the third

The foreground conponent of the

shutter tinme 2ts/v after the opening of the shutter and the foreground
conponent of the fourth pixel fromthe left-hand side as shown in FIG 16

for the fourth shutter time 2ts/v after the
The foreground conponent of the4Beftnost pixel in the frame #n-1 as

F12/v.

openi ng of the shutter becone

shown in FIG 16 for the second shutter time 2ts/v after the opening of

the shutter is F1ll/v, and the foreground conponent of the second pi xel

fromthe l.eft-han si de shown jin FI 16 for the third shutter time
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frame
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shown in FIG. 16 for the fourth shutter time 2ts/v after the
opening of the shutter become Fl2/v.

The foreground component of the leftmost pixel in the
frame #n-1 as shown in FIG. 16 for the second shutter time
2ts/v after the opening of the shutter is Fll/v, and the
foreground component of the second pixel from the left-hand
side as shown in FIG. 16 for the third shutter time 2ts/v
after the opening of the shutter is also Fll/v. The
foregiound component of the third pixel from the left-hand
side as,shownl%p FIG. 16 for the fourth shutter time 2ts/v
after the openiﬁg of the shutter becomes Fll/vﬂ

The foreground component of the leftmost pixel in the
frame #n-1 as shown in FIG. 16 for the third shutter time
2ts/v after the opening of the shutter is F10/v, and the
foreground component of the.second pixel from the left-hand
side as shown in FIG. 16 for the fourth shutter time 2ts/v
after tﬁe opening of the shutter is also F10/v. The
foreground component of the leftmost pixel in the frame #n-1
as shown in FIG. 16 for the fourth shutter time 2ts/v after

the opening of the shutter becomes F09/v.



foreground conponent of the leftnost pixel in the frame #n-1 as shown in
FIG 16 for the fourth shutter tine 2ts/v after the opening of the shutter
beconmes F09/v. - 44 Since the background object is still, the background °
conponent of the second pixel in the frame #n-1 fromthe |eft-hand side as
shown in FIG 16 for the first shutter time 2ts/v is B0Ol/v. The background
object of the third pixel fromthe left-hand side of the frane #n-1 as
shown in FIG 16 for the second shutter tine after the opening of the
shutter is B02/v. The background object44of the fourth pixel fromthe

| eft-hand side of the frame #n-1 as shown in FIG 16 for the first through
third shutter tines after the opening of the shutter is B0O3/v. In the
frame #n-1 as |IIust

g gn FI G E t he, Ieft st B%xgl alls thin the
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area of the frame #n, the foregroun onponent “for the shutter tinme 2ts/v
i's one Oklﬁgél%f%m{Q%Qhlé%%yﬁénd side of the frame #n-1 as shown in

FIG. 16 for the second shutter time after the opening of the
shutter is B02/v. The background object of the fourth pixel
from the left-hand side of the frame #n-1 as shown in FIG.
16 for the first through third shutter times after the
opening of the shutter is B03/v.

In the frame #n-1 as illustrated in FIG. 16, the
leftmost pixel falls within the foreground area, and the
second through fourth pixels from the left-hand side fall
with;n the miggd area which is a covered background portion.

In-the frg@e #n-1 as illustrated in FIG. 16, the fifth
through twelfthﬁpixels, falling within the background area,
respectively have pixel values of B(04 through Bll.

In the frame #n as illustrated in FIG. 16, the leftmost
through fifth pixels fall within the foreground area. In
the fdreground area of tﬁe frame #n, the foreground
component for the shutter time 2ts/v is one of F05/v through
Fl2/v.

Since it iS'éssumed that the foreground object is a
solid body and moves at a constant speed and the image of

the foreground moves and rightwardly appears on the next



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 rlghtmardly
appears on the next - 45 frame by 4 pixels apart fromthe original
position in any given frame, the foreground conmponent of the fifth pixel
fromthe left-hand side of the frame #n as shown in FIG 16 for the first
shutter tinme 2ts/v after the opening of the shutter is F12/v, and the
foreground conponent of the sixth pixel fromthe |eft-hand side as shown
in FIG 16 for the second shutter tines2ts/v after the opening of the
shutter is also F12/v. The foreground conponent of the seventh pixel from
the left-hand side as shown in FIG 16 for the third shutter tinme 2ts/v
after the opening of the shutter and the faoreground conponent of the

ei ght h pibtémer Pym% kX1t BReFd fsﬁoéb e ot MRS TSRS o (3 fourth
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pixel from the left-hand side as shown in FIG. 16 for the
second shutter time 2ts/v after the opening of the shutter
is also Fl2/v. The foreground component of the seventh
pixel from the left-hand side as shown in FIG. 16 for the
third shutter time 2ts/v after the opening of the shutter
and the foreground component of the eighth pixel from the
left-hand side as shown in FIG. 16 for the fourth shutter
time 2ts/v after the opening of the shutter are Fl2/v.

The foregxound component of the fifth pixel from the
left~hand sidexéf the frame #n as shown in FIG. 16 for the
second shutter fime 2ts/v after the opening of the shutter
is Fl11l/v, and the foreground component of the sixth pixel
from the left-hand side as shown in FIG. 16 for the third
shutter time 2ts/v after the opening of the shutter is also
Fl1l1/v. The foregrouhd component of the seventh pixel from
the left-hand side as shown in FIG. 16 for the fourth
shutter time 2ts/v after the opening of the shutter is Fll/v.

The foregroupd component of the fifth pixel from the
left-hand side of the frame #n as shown in FIG. 16 for the

third shutter time 2ts/v after the opening of the shutter is



shutter tine 2ts/v after the opening of the shutter is Fll/v. The
foregrou;id conponent of the fifth pixel fromthe |eft-hand side of the
frame #n as shown in FIG 16 for the third shutter tine 2ts/v after the
opening of the shutter is - 46 F10/v, and the foreground conponent of the
sixth pixel from the left-hand side as shown in FIG 16 for the fourth
shutter tinme 2ts/v after the opening of the shutter is also F10/v. The
foreground conponent of the fifth pixel fromthe |eft-hand side as shown
in FIG 16 for the fourth shutter t+mes2ts/v after the opening of the
shutter is FO9/v. Since the object of the background is stationary, the
background conponent of the sixth pixel fromthe left-hand side of the
frame On_as shown in FIG 16 for the first shutter time 2ts/v after the

openi ng &t &/iYe Wt@re |f§r§9§/q}m TR YT Aind-REorpiohiehtP 6t HeF Tevent h
pi xel fron1the Ief and, si de the fr n FI.G 16 for the
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BO6~(v. The ack r.oun tgo gi t he ei. hth erIIron1the Ie{t hand
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area. In the frane shown 1 n Fl e ninth throug
time 2ts/v after the opening of the shutter is F09/v.

Since the object of the background is stationary, the
background component of the sixth pixel from the left-hand
side of the frame #n as shown in FIG. 16 for the first
shutter time 2ts/v after the opening of the shutter is B05/v.
The background component of the seventh pixel from the left-
hand side of the frame #n as shown in FIG. 16 for the first
and second shutter times 2ts/v after the opening of the
shutter is B06{v. The background component of the eighth
pixel from the left hand side of the frame #n as shown in
FIG. 16 for the first through third shutter times 2ts/v
after the opening of the shutter is B07/v.

In the frame #n shown in FIG. 16, the sixth through
eighth pixels from the left-hand side fall within the mixed
area which is a covered background area.

In the frame #n shown in FIG. 16, the ninth through
twelfth pixels, falling within the background area, have
respectively BOS,through Bl1l.

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

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



twel fth pixels, falling within the background area, have respectively
BO8, t hrough B11l. In the frane #n+l shown in FIG 16, the |eftnost through
ninth pixels fromthe left-hand side fall within the - 47 foreground area.
In the foreground area of the frame #n+l1l, the foreground conponent for the
shutter tine 2ts/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 image of the foreground noves and then rightwardly appears on the

next frame by 4 pixels fromthe origin&f position in any given franme, the
foreground conponent of the ninth pixel fromthe |eft-hand side of the
frame #n+l as shown in FIG 16 for the first shutter time 2ts/v after the

openi ng the shutter is_F12/v, .and the foregrou 0 nent ,of .the tenth
el e eI ar ohe hE RORATPE et g S0 A TR 4R St t e
time 2ts/y af eni 0 tern .l S0, v, L' The foreground
corrponentt\ﬁo %%%%&\?gﬁt%n%n%égoﬁ%ﬁnﬁ t{]heqt[ste% - la{%zésﬁs e das” shown in

FIG 16 fgr ﬁdy?&t?%ﬁéﬁﬁﬁfﬁfH/Jan 2ts/v after the opening of the shutter

and the foregroun ent of the twelfth pixel fromthe |I|eft-hand side

e ooy SRS RSP AR coblR Tl Al s oper 1o, of
solid body and moves at a constant speed and the image of
the foreground moves and then rightwardly appears on the
next frame by 4 pixels from the original position in any
given frame, the foreground component of the ninth pixel
from the left-hand side of the frame #n+l as shown in FIG.
16 for the first shutter time 2ts/v after the opening of the
shutter is Fl12/v, and the foreground component of the tenth
pixel from the left-hand side as shown in FIG. 16 for the
second shutter time 2ts/v after the opening of the shutter
is a;so F12/v.y The foreground component of the eleventh
pixel from th;!}eft—hand side as shown in FIG. 16 for the
third shutter time 2ts/v after the opening of the shutter
and the foreground component of the twelfth pixel from the
left-hand side as shown in FIG. 16 for the fourth shutter
time 2ts/v after the opening of the shutter are Fl1l2/v.

The ereground component of the ninth pixel from the
left-hand side of the frame #n+l as shown in FIG. 16 for the
second shutter time 2ts/v after the opening of the shutter
is Fll/v, and th% foreground component of the tenth pixel

from the left-hand side as shown in FIG. 16 for the third

shutter time 2ts/v after the opening of the shutter is also



| eft-hand side of the frame #n+l as shown in FIG 16 for the second
shutter tinme 2ts/v after the opening of the shutter is FIl/v, and the

f oreground conponent of the tenth pixel fromthe |eft-hand side as shown -
in FIG 16 for the third shutter tine 2ts/v after the opening of the
shutter is also - 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 tine
2ts/v after the opening of the shutter is Fli/v. The foreground conponent
of the ninth pixel fromthe |I|eft-handigide of the frane #n+l as shown in
FIG 16 for the third shutter tine 2ts/v after the opening of the shutter
is F10/v, and the foreground conmponent of the tenth pixel from the

| ef t - han shown in Fl 16 for the fourth_shutter ti ts/v after
 he open%rjré/gf ¢ RBsRAFEEFOPET,CEBPOREREy OETRESY 8#&5@8&%% AR of the

for the Tt gﬁs{‘ﬁ%de e SRR T e Upaing 1 THE “Et'thF' .Gsdw
/ .
component i 1o TaHt i AchI 1o The TEFPLRana” S AcCAPEERS #Pah LAke1 as

shown in FIG }11@ ffBEthﬁ}guB!dr %fomﬁg'ﬂ%tt%ft'it% ?ﬁ%’t\ﬁ filen tf*}%mol%%]’é' ng of the

shutter is BO ackgrou component o the I eventh pi x fromthe

l'ef t - hand 3iudey Qfy theyd rm@*ﬂra%e $hown 4 s'ﬂo%n 16, forc thes £dof stheand

second shutter tinmes 2ts/v after the opening of
third shutter time 2ts/v after the opening of the shutter is

F1l0/v, and the foreground component of the tenth pixel from
the left-hand side as shown in FIG. 16 for the fourth
shutter time 2ts/v after the opening of the shutter is also
F10/v. The foreground component of the ninth pixel from the
left-hand side of the frame #n+l as shown in FIG. 16 for the
fourth shutter time 2ts/v after the opening of the shutter
is F09/v.

Slnce thelobject of the background is stationary, the
background co&éQnent of the tenth pixel from the left-hand
side of the fréﬁe #n+l1 as shown in FIG. 16 for the first
shutter time 2ts/v after the opening of the shutter is B09/v.
The background component of the eleventh pixel from the
left-hand side of the frame #n+l as shown in FIG. 16 for the
first and sécond shutter times 2ts/v after the opening of
the shutter is B10/v. The background component of the
twelfth pixel from the left-hand side of the frame #n+l as
shown in FIG. 16*for the first through third shutter times
2ts/v after the opening of the shutter is Bll/v.

In the frame #n+l shown in FIG. 16, the tenth through



~the shutter is B10/v. The background conponent of the twelfth pixel from
the left-hand side of the frane #n+l as shown in FIG 160for the first
through third shutter tines 2ts/v after the opening of the shutter is
Bil/v. In the frame #n+l1 shown in FIG 16, the tenth through - 49 twelfth
pi xels fromthe left-hand side fall within the m xed area which is a
covered background area. FIG 17 is a nodel diagramof an inmage in which
the foreground conponent is extracted fromthe pixel values illustrated
in FIG 16. FIG 18 is a nodel diagram?l4+ustrating the pixel values of a
line of pixels at the sane position across three franes developed in tine

axis, wherein the object of a still background and the object of a
f oreground mvi ng .ri ghtwardl a own are .captured. .The pqge il trated
in FIG %@’eq%&ﬁ]t %’llﬁ‘squn\%%r?g‘ovytehree egfgcckgrngjnsdl%?e%ﬂ tWJ‘l-qs?uassuréeéAJi)lne |G 18

t hat theafr%raegvrﬁ% djt%lage%to\jesredab%icg”ﬂg%gg&%é?%d noves at a constant speed.

Since the T mage, o oregroun rightwardly appears by 4

pixel s on theghext ,hrage, LBAATRINGL Gh BBVaRPIhakel Irtynffth BQTPI € the

f oreground coiponent t Nos pi xel in frame #n-1 as shown in

iFlsGFléjgva%rra td;%féir ?}(?rm gr%\%ric%#p%rﬁ]%e\g‘ afH]Cgr{ s%}g%r%}%ﬁl;(g%ﬁeoémh?hzhuu o
| ef t - hand 19148 35 oW s, Fli@. 18 for the second shutter

FIG. 18 is a model diagram illustrating the pixel
values of a line of pixels at the same position across three
frames developed in time axis, wherein the object of a still
backgrougd and the object of a foreground moving rightwardly
as shown are captured. The model illustrated in FIG. 18
contains an uncovered background area.

It is assumed in FIG. 18 that the foreground object is
a solid body, and moves at a constant speed. Since the
imagg-of the fgreground moves and rightwardly appears by 4
pixels on the %gxt frame, the amount of movement v is 4.

For examplé, the foreground component of the leftmost
pixel in the frame #n-1 as shown in FIG. 18 for the first
shutter time 2ts/v after the opening of the shutter is F1l3/v,
and the foreground component of the second pixel from the
left-hand side as shown in FIG. 18 for the second shutter
time 2ts/v after the opening of the shutter is also F13/v.
The foreground component of the third pixel from the left-
hand side as sho%p in FIG. 18 for the third shutter time

2ts/v after the opening of the shutter and the foreground

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



time 2ts/v after the opening of the shutter is also F13/v. The foreground
conponent of the third pixel fromthe left- hand side as shown in FIG 18
for the third shutter time 2ts/v after the opening of the shutter and the -
f oreground conponent of the fourth pixel fromthe left-hand side as - 50
shown in FIG 18 for the fourth shutter time 2ts/v after the opening of
the shutter becone F13/v. The foreground conponent of the second pixel from
the left-hand side of the frame #n-1 as shown in FIG 18 for the first
shutter tine 2ts/v after the opening-ofothe shutter is F14/v, and the
foreground conponent of the third pixel from the |eft-hand side as shown
in FIG 18 for the second shutter tinme 2ts/v after the opening of the

shutter is alsq FE1l4/v.. The foreground conponent of the third pixel from
the | ef CPR¥AD 101 dd Cas oW (THSHIGUETE I TIRF 131788 ALY GrEtan ndot of v

after the_aopenin f .the._shutter beco F15/v. Since the background object
i's stiIIprﬁénﬁé%%gF@ﬁn&hub%ﬁﬁbﬁﬁﬁ?mgg%ﬁﬁ%%TeftnDst pixel in the frame #n-1
as shown in for t he _second thr h fourth shutter tines 2ts/v
is B25/.v. Thghgggé%?%gﬁgh%bfggPOBanh8?sgg n§°5PRE PRFS ?ﬁ@ml - hand
side of t fr - in Fl,G .18 f he t hi Qurth

PR Pk 3% MM rehe o7 a he g R a2 ot

shutter tines er ti penin e's ter "i's B

sockar ouptca S Mg, KA LRy et e il 1 1o

opening ri4/v, and the foreground component of the third pixel from
the left-hand side as shown in FIG. 18 for the second
shutter time 2ts/v after the opening of the shutter is also
Fl4/v. ?he foreground component of the third pixel from the
left-hand side as shown in FIG. 18 for the first shutter
time 2ts/v after the opening of the shutter becomes F15/v.

Since the background object is still, the background
component of the leftmost pixel in the frame #n-1 as shown
in FIG. 18 forythe second through fourth shutter times 2ts/v
is B25/w. The“Eackground object of the second pixel from
the left-hand éide of the frame #n-1 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 object of the third
pixel from the left-hand side of the frame #n-1 as shown in
FIG. 18 for the fourth shutter time 2ts/v after the opening
of the shutter is B27/v.
In the frame #n-1 as illustrated in FIG. 18, the

leftmost through_third pixels fall within the mixed area,

which is the uncovered background area.

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



of the shutter is B27/v. In the frame #n-1 as illustrated in FIG 18, the

| eftmost through third pixels fall within the mxed area, which is the
uncover ed background area. In the frame #n-1 as illustrated in FIG 18, the
fourth - 51 through twelfth 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 leftnobst through fourth pixels
fall within the background area, and the pixel values thereof are
respectively B25 through B28. Since +t51s-assunmed that the foreground
object is a solid body and noves at a constant speed and the imge of the
foreground noves and rightwardly appears on the next franme by 4 pixels
fromthe qriginal sition.in a iven, fr he foreqground conponent of
the 11t ARSI 1Bomatie PR T o gDt e G900 B iown TR F1 G
18 for t first shutter time 2ts/v after .the openi the shutter is
F13/vo anh“:E H99E° g?é:éjrng)l?r?fnctor%ﬁlontz{net of the SiX Eﬁ OBT% Xe é);f‘f o%ﬁ%ueg ef t - hand
si de as in FIG 18 for the second shutter tinme 2ts/v after the
openi ng of the shutter is also F13/v. The foreground conponent of the

seventh pixel 5from, thenbekhBaAN194de A% BN e FhG. 18 sl dini rd

shutter tinme 2t ter the opening of the shutter and t reground

conponenty 3o ddie @judhith fixeals from theHef tethahckground area, and

the pixel values thereof are respectively B25 through B28.

Since it is assumed that the foreground object is a
solid body and moves at a constant speed and the image of
the forgground-moves and rightwardly appears on the next
frame by 4 pixels from the original position in any given
frame, the foreground component of the fifth pixel from the
left-hand side of the frame #n as shown in FIG. 18 for the
first shutter time 2ts/v after the opening of the shutter is
F13/v, and theyforeground component of the sixth pixel from
the left—handl%ide as shown in FIG. 18 for the second
shutter time 2t;/v after the opening of the shutter is also
Fl13/v. The foreground component of the seventh pixel from
the left-hand side as shown in FIG. 18 for the third shutter
time 2ts/v after the opening of the shutter and the
foreground component of the eighth pixel from the left-hand
side as shown in FIG. 18 for the fourth shutter time 2ts/v
after the opening of the shutter are F13/v.

The foregrogpd component of the sixth pixel from the

left-hand side of the frame #n as shown in FIG. 18 for the

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



side as shown in FIG 18 for the fourth shutter tine 2ts/v after t
openi ng of the shutter are F13/v. The foreground conponent of the s

pi xel

fromthe left-hand side of the frame #n as shown in FIG 18

he
i xth
for the

first shutter time 2ts/v after the opening of the shutter is - 52 F14/v,

and the foreground conponent of the seventh pixel

as showmn in FIG 18 for the second shutter tine 2ts/v after the op
the shutter is also F14/v. The foreground conponent of the eighth

from
2ts/v

the left-hand side as shown i-BZL-18 for the first shutter
after the opening of the shutter is F15/v. Since the object o

background is stationary, t he background conponent of the fifth p
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time 2ts/v after the opening of the shutter is F15/v.
Since the object of the background is stationary, the
background component of the fifth pixel from the left-hand

side of the frame #n as shown in FIG. 18 for the second

through fourth shutter times 2ts/v after the opening of the

shutter is B29/v. The background component of the sixth
pixel from the left-hand side of the frame #n as shown in
FIG. 18 for the third and fourth shutter times 2ts/v after
the gpening ofythe shutter is B30/v. The background

i,
component of the seventh pixel from the left-hand side of

the frame #n as shown in FIG. 18 for the fourth shutter time

2ts/v after the opening of the shutter is B31l/v.

In the frame #n shown in FIG. 18, the fifth through

seventh pixels from the left-hand side fall within the mixed

area which is an uncovered background area.
In the frame #n shown in . FIG. 18, the eighth through

twelfth pixels fall within the foreground area. The pixel

value in the forqground area in the frame #n for the shutter

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

The leftmost through eighth pixels in the frame #n+l as



In the frane #n shown in FIG 18, the eighth through twelfth pixels fal
within the foreground area. The pixel value in the foreground area in the
frame #n for the shutter time 2ts/v is one of F13/v through F20/v. The

| eft most through eighth pixels in the frame #n+l as - 53 shown in FIG 18
bel ong to the background area, and the pixel values thereof are
respectively B25 through B32. Since it is assuned that the foreground
object is a solid body and noves at a constant speed and the imge of the
foreground noves and then rightwardly 2ppears on the next franme by 4

pi xel s fromthe original position in any given frame, the foreground
conponent of the ninth pixel fromthe left-hand side of the frane #n+l as

shown in FIG_ .18 t.he.fi.rst shutter .ti 2ts/y after th eni ng of the
shutter iSSP} EraI(r%ii t]‘r%e R8s gct?ndtthceorﬁ?ocq%ﬁmﬁ&/t%ee%'erﬁrﬁf tg%(el fr orr:c t he
| ef t - hand,.sj_de 0 in FE 18 for t e hutter 14 2ts/v after
t he openi r%?%f v{%ﬁél rs;h\lljt\'lrtﬁlteerrréOf“: gra Sroes%fflt\r}g’ellﬁ’e%et}roouu c]%‘d’rr%gnent of the

eleventh piXekshramihes. Lebhnlandsskdends 3haMolad b8 figrthe third

shutter tine s/v after the opening of the shdtter and-the foreground

conponents Afi & R dMeld haRioelatf omddig adefdphand & qﬂlé?‘sin%]%é’wa n FIG 18

for the fourth shutter tine 2ts/v after the opening of the shutter are

F13/v. Thed Fad@withd amereninOftHde LigMdiaie dgpuntden lgfd - hand side

of the frame #n+l1 as shown in FIG 18 for the
next frame by 4 pixels from the original position in any
given frame, the foreground component of the ninth pixel
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 F13/v, and the foreground component of the tenth
pixel from the left-hand side as shown in FIG. 18 for the
second shutter time 2ts/v after the opening of the shutter
is also F13/v. The foreground component of the eleventh
pixel\from theyleft—hand side as shown in FIG. 18 for the
third shutter éime 2ts/v after the opening of the shutter
and the foregréand component of the twelfth pixel from the
left-hand side as shown in FIG. 18 for the fourth shutter
time 2ts/v after the opening of the shutter are F1l3/v.

The foreground component of the tenth pixel 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
Fl4/v, and the foreground component of the eleventh pixel
from the left—haag side as shown in FIG. 18 for the second
shutter time 2ts/v after the opening of the shutter is also

Fl4/v. The foreground component of the twelfth pixel from



first shutter time 2ts/v after the opening of the shutter is Fl14/v, and
the foreground conponent of the eleventh pixel fromthe |eft-hand side as
shown in FIG 18 for the second shutter tine 2ts/v after the opening of
the shutter is also F14/v. The foreground conponent of the twelfth pixel
from- 54 the left-hand side as shown in FIG 18 for the first shutter
time 2ts/v after the opening of the shutter is F15/v. Since the object of
t he background is stationary, the background conponent of the ninth pixel
fromthe left-hand side of the frame 3+l as shown in FIG 18 for the
second through fourth shutter tinmes 2ts/v after the opening of the
shutter is B33/v. The background conponent of the tenth pixel fromthe
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foregroupd geogporant £ et B f0LEILQR %e%ﬂ@ tﬂse darane F el e iy the
shutter tine 2ts v is one of F13/v through F16/

through fourth shutter times 2ts/v after the opening of the
shutter is B33/v. The background component of the tenth
pixel from the left-hand side 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 B34/v. The background
component of the eleventh pixel from the left-hand side of
the frame #n+l1 as shown in FIG. 18 for the fourth shutter
time 2ts/v after the opening of the shutter is B35/v.

In the frame #n+1 shown in FIG. 18, the ninth through
eleventh:plxelglfrom the left-hand side fall within the
mixed area whicﬁ is an uncovered background area.

In the frame #n+l shown in FIG. 18, the twelfth pixel
falls within the foreground area. The foreground component
in the foreground area in the frame #n+l for the shutter
time 2ts/v is one of F13/v through Flé6/v.

FIG. 19 is a model diagram of an image in which the
foreground component is extracted from the pixel values
illustrated in FIG. 18.

The process for generating a double-density image in

the mixed area is discussed below.



FIG 19 is a nodel diagramof an image in which the foreground conponent
is extracted fromthe pixel values illustrated in FIG 18. The process for
generating a double-density image in the m xed area is discussed bel ow. -
55 Pixels a through ¢ are within the mxed area in the franme #n in FIG
20. The pixel value Ma of the pixel ain the frame #n is expressed in
equation (9). Ma = B0O7/4 + B07/4 + BO7/4 + B12/4 (9) The pixel value Ml
and the pixel value Ma2 of the double-density imge corresponding to the
pi xel a are respectively expressed Tm®quation (10) and equation (11). In
equations (10) and (11), the foreground conmponent or the background
conponent is multiplied by a coefficient 2 to adjust gain. Ml 2x (BO7/4
+ B07/ 4) 0 07~= (1 /4 + F12/ 4 BO7/2 +
F12/2 (10) E%%% .lsn%%é?ouﬂ“ﬁﬁét%&@é. T ARED B37oor T kb
correspoq@nﬁ @chh% frane #n-1 needs to be set to the pixel value
of the ouble enS|ty i mage on the background area corresponding to the

pixel a in theyfraiRe#Nvalue Ma of the pixel a in the frame #n is

expressed in equation (9).

Ma = B07/4 + B07/4 + B07/4 + B12/4 (9)

The pixel value Mal and the pixel value Ma2 of the
double-density image corresponding to the pixel a are
respectively expressed in equation (10) and equation (11).
In equat;ons (10) and (11), the foreground component or the
background component is multiplied by a coefficient 2 to
adjust gain.

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

I

B07/2 + B07/2

BO7\‘ (10)

Ma2

X
2x (B07/4 + F12/4)

B07/2 + F12/2 (11)

I

Equation (10) shows that the pixel value B07 of the
corresponding pixel in the frame #n-1 needs to be set to the
pixel value Mal of the double-density image on the
background area corresponding to the pixel a in the frame #n.

The pixel value MaZ2 of the double-density image on the
foreground area corresponding to the pixel a in the frame #n
is determined fra@ equation (12), which is obtained by
rewriting equation (4) or equation (5).

Ma2 = 2x Ma-Mal (12)



The pi xel value Ma2 of the double-density image on the foreground area
corresponding to the pixel ain the frame #n 1is determ ned from equati on
(12), which is obtained by rewiting equation (4) or equation (5). M2 =
2x Ma-Mal (12) - 56 FIG 21 is a diagramillustrating the relationship of
pi xel values of pixels in the m xed area, nanely, the pixel value of a

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

val ue of a double-density inmage, and @6chronol ogically ideal pixel value.
Horizontal solid lines in FIG 21 represent the pixel value of the input

i mage. Horizontal broken lines in FIG 21 represent the pixel values of an

| mage having g double; densi gﬁram 46, diLaelion L Liiee en.a giexel 1o

the m xed area’l confains roun onent t he
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the correspondi ng pi xel value of "the doubl e-density i mge on the
foregroundyseRRIUIALERE, the pixel value of a double-density image,
and a chronologically ideal pixel value.

Horizontal solid lines in FIG. 21 represent the pixel
value of the input image. Horizontal broken lines in FIG;
21 reprggent the pixel values of an image having a double
density in the direction of time.

When a pixel in the mixed area in the frame #n contains
a more background component, the pixel value of the
corresponding pixel in the background area in the frame #n—l
is set as the plxel value of the background of the double
density, image és shown in FIG. 21. Referring to FIG. 21,
the double den51ty image on the background is located in the
frame #n-1.

When the pixel in the mixed area in the frame #n has a
more background component, the corresponding pixel value of
the double-density image on the foreground is calculated
from the pixel value of the pixel in the mixed area in the
frame #n and the set pixel value of the double-density image
on the backgroun% based on equation (4) and equation (5).

Referring to FIG. 21, the double-density image on the

foreground is located in the frame #n+1l.



fromthe pixel value of the pixel in the mxed area in the franme #n and
the set pixel value of the double-density image on the background based on
equation (4) and equation (5). Referring to FIG 21, the doubl e-density
image on the foreground is located in the frane #n+l. 57 Likew se, the
pi xel value BO6 of the corresponding pixel in the frame #n-1 is set to the
pi xel value Mdl of the pixel b in the double-density inage on the
background as expressed in equation (13) The pixel value M2 of the

doubl e-density inmage on the foreground7orresponding to the pixel b in the
frame #n is calculated fromequation (14). Ml =2 x (B06/4 + B06/4) =
BO6/2 + B06/2 B0O6 (13) My 2 2 x Mo - Mo | (14) The pixel value M of the
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expressed I n equation ) and  equation ( n equations (16) and (17)

, the fogggra@ugdince _OBSUBlQr—dEHEi{E?EE%EBQnQnCQmoﬁ‘é'&ﬁ(gjr%uml tispl i ed by a

coefficient of 2 to adjust gain. M X (BO5/4 + F1274)

expressed in equation (13). The pixel value MbZ of the
double—dénsity image on the foreground corresponding to the
pixel b in the frame #n 1s calculated from equation (14).

Mbl = 2 x (B06/4 + B06/4)

B06/2 + B06/2
.= BO6 (13)

Mb2 = 2 x Mb - Mbl (14)

The pixel value Mc of the pixel ¢ is expressed in
equation (15).

Mc = B05/4 + F12/4 + F11/4 + F10/4 (15)

The pixelivalue Mcl and the pixel value McZ of the
doublefdensitytimage corresponding to the pixel ¢ in the
frame #n are ré;pectively expressed in equation (16) and
equation (17). In equations (16) and (17), the foreground
component or the background component is multiplied by a

coefficient of 2 to adjust gain.

Mcl = 2 x (B05/4 + Fl2/4)

B05/2 + F12/2 (16)

Mc?2

2 x (F11/4 + F10/4)

F11/2 F F10/2 (17)
Using the spatial correlation of the foreground

component, equation (18) holds.




= BO5/2 + F12/2 (16) M2 = 2 x (F11/4 + F10/4) = F11/2-1+ F10/2 (17)

Using the spatial correlation of the foreground conponent,
holds. - 58 F.= F11 = F10 = FO9 = F08= FO7 = FO6 (18) From
FO9/4 + FO8/4 + FO7/4 + FO6/4. The pixel value of the pixel

equation (18)
equation (18),
c in the frame

#n+1l equal s the pixel value F. Equation (19) thus holds. M2 = F11/2 +

F10/2 F (19) The pixel value Ml of the doubl e-density inag
background corresponding to the pixel ¢ is calculated from
which is rewitten fromequation (4)-ob8equation (5). Ml =
(20) FIG 22 is a diagramillustrating the rel ationship of

pi xels in the m xed area, nanely, the pixel ii value o.f-a
| arge foregrognd ¢qapanegnt, A @IKe%d@ﬂl#%f) correnggﬂ
prior frame or a subsequent gﬂ the pixel value of a

e on the
equation (20),
2 x M - M2

pi xel , val ues of
pi xel having a
ing pixel in a

oubl e-density

image, and apchroRehag:eal M ¢ 0!%‘099'4)(%' B M+ FO7/4 + FO6/4. The

pixel value of the pixel c¢ in the frame #n+l equals
pixel value F.
Equation (19) thus holds.

Mc2 = F11/2 + F10/2

= F (19)

the

The pixel value Mcl of the double-density image on the

background corresponding to the pixel ¢ is calculated from

equation (20), which is rewritten from equation (4)
equation (5).

Mcl = 2 x Mc - Mc2 ' (20)

or

FIG. 22 is a diagram illustrating the relationship of

plxel values of pixels in the mixed area, namely, the pixel

l l

value of. a pixgl having a large foreground component, a

pixel value of the corresponding pixel in a prior frame or a

subsequent frame, the pixel value of a double-density image,

and a chronologically ideal pixel value.

Horizontal solid lines in FIG. 22 represent the pixel

value of the input image captured by the sensor. Ho

rizontal

broken lines in FIG. 22 represent the pixel values of an

image having a double density in the direction of time.

When a pixel'in the mixed area in the frame #n

a more foreground component, the pixel value of the

contains

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



Horizontal solid lines in FIG 22 represent the pixel value of the input

i mge captured by the sensor. Horizontal broken lines in FIG 22 represent
t he pi xel values of an image having a double density in the direction of
time. When a pixel in the mxed area in the frane #n contains a nore

f oreground conponent, the pixel value of the corresponding pixel in the
foreground area in the frane #n+l - 59 is set as the pixel value of the
foreground of the double density imge as shown in FIG 22. Referring to
FIG 22, the double density imge on 3%he-foreground is |ocated in the
frame #n+l. \When the pixel in the mxed area in the frame #n has a nore

f oreground conponent, the correspondi ng pi xel value of the double-density

i rage on 'tsh%eQa%%g{t%%n%rﬂxselC@ (EL'TI‘lleagve’cd thfer gg%eih%?reciodﬁ(flof/atlol'?eetcﬁc]:euglhee pixel in

the m xed ared i fame #n and the s Val ue

doubl e desiclity TAGe b WidW0e0'aud haselaR 20yl Lan fod), 3d equation

(5. Referrin t he -density Image “on the  ‘bacKground is

| ocat ed it bg i 1aMhyiky MR d 38 Rineels Ml e g tj%e ) X %(d' n o ﬁéﬁ xed

area in the double-density imge containing two or three ckgrou
conponentss-awet Bntshe amount of novenment v of 4 is generated, a pixel value
of the pixel in the background area in a prior frame or a subsequent frane

is set to thewpexekn¥aptgedf ihhenedpuhba- deasi iy ka0 damet Be Ragkgr ound,
and t he pixel value
more foreground component, the corresponding pixel value of
the double—-density image on the background is calculated
from the pixel value of the pixel in the mixed area in thé
frame #n;and the set pixel value of the double-density image
on the foreground based on equation (4) and equation.(S).
Referring to FIG. 22, the double-density image on the
background is located in the frame #n-1.

When the pixel value of the pixel in the mixed area in
the §ouble—denﬁity image containing two or three background
components wigﬁlthe amount of movement v of 4 is generated,
a pixel value o% the pixel in the background area in a prior
frame or a subsequent frame.is set to the pixel value of the
double-density image in the background, and the pixel value
in the double-density image of the foreground is calculated
from equation (4) or equation (5).

When the pixel value of the pixel in the mixed area in
the double-density image containing one background component
with the amount %f movement v of 4 is generated, a pixel

value of the pixel in the foreground area in a prior frame

or a subsequent frame is set to the pixel value of the




in the double-density imge of the foreground is calculated from equation
(4) or equation (5). Wien the pixel value of the pixel in the mxed area in
t he doubl e-density i mage contai ni ng one background conponent wth the
anmount of novement v of 4 is generated, a pixel value of the pixel in the
foreground area in a prior frane or a subsequent frane is set to the pixel
val ue of the - 60 double-density inage in the foreground, and the pixel
value in the double-density inage of the background is calculated from
equation (4) or equation (5). Generatl §0speaki ng, when the pixel in the

m xed area has a higher correlation with the corresponding pixel in the
background area than with the corresponding pixel in the foreground area,

h i xely th d set

as the oSS S MG S Bl .ﬁ?ﬁéh%;é;%%ﬁ%ﬁ %ﬁg Lhe
I I cul at e

5|s:(ﬁg \égulgflto% (CE oirjé)t%gurgstjg%}p %@ggé ﬁ%ﬁt eg%%éfé Cér;?(lggaar ea has a

hi gher cotrrgl atdx Mt hedhe cotd L%Stpﬁ;}gl{]g} pi xel in the foregrou_nd area
than with the correspondlng pixel 1nt background area, the pi xel val ue

of the corregpoRMHaNT yPigkRlaklifot, NeHe@r @HOWIG Ar 63 It%é%}é% &, pi xel
val ue of the double-density inage in the foreground, and the pixel value

of the dady er deRFidy domgea 4t drheri hackos Qe & o &l Cat at Bk USi Mocgguat i on
(4) or equation (5).

background area than with the corresponding pixel in the
foreground area, the pixel value of the corresponding pixel
in the background area is set as the pixel value of the
double—@gnsity image in the background, and the pixel value
of the doﬁble—density image in the foreground is calculated
using equation (4) or equation (5). When the pixel in the
mixed area has a higher correlation with the corresponding
pixel in the foreground area than with the corresponding
pixel.in the background area, the pixel value of the
corresponding leel in the foreground area is set as the
pixel value of the double-density image in the foreground,
and the pixel value of the double-density image in the
background is calculated using equation (4) or equation (5).

FIG. 25 through FIG. 28 illustrate the results of the
process which examines the appropriateness of the process
for setting the pixel value having a high correlation to a
pixel in half side of a double-density image.

The image w%Fh the shutter time ts is averaged over 2

frames, and then an image corresponding to the shutter time

2ts is thus generated. A difference in frames of the image



FIG 25 through FIG 28 illustrate the results of the process which

exam nes the appropriateness of the process for setting the pixel value
having a high correlation to a pixel in half side of a double-density

i mage. The image with the shutter tinme ts is averaged over 2 franes, and
then an image corresponding to the shutter tine 2ts is thus generated. A
difference in franes of the image - 61 having the shutter tine 2ts, the

i mge having the shutter time 2ts, and a difference of frames of the inmage
having the shutter time is are conparéd, ~based on the generated i mage
having the shutter time 2ts, and the imge having the shutter tinme ts. In
the processing of the inage having the shutter tine 2ts and the frane

differen%%“gloéa s %&@% ]I.I{g?mész éhethé e aﬁ/é\pjgn Shuhte% ;tloge is

correspo aving a |gh corverati on |n t he  gener

b ref rfggg%% 4 tye i mge
81[ O;effaﬂgelr%%]%tes?e%\égd ba:tCFl ween the i nage%ﬁ]@aw(yng t IRA:{J? lljﬁ% 9[‘15 FI G
24 is an apl@ged Mew ofs tdedipgsed D theedn xedi ik e@e@éré@@df{%@%S ol ot s

dlfference bet ween the images having the shutter, tine 2ts
a change Havihe Hxednwaldie ©fma Pixelana WHd ix@eﬁf@%x}pn@ phxel position,

inthe imge in the mxed area of the frame difference between the i mages
havi ng thghutter time ts.

In the processing of the image having the shutter time
2ts, and the frame difference of the shutter time ts, the
image having the shutter time ts corresponds to a pixel
having a;high correlation in the generation process of the
above-referenced double-density image.

FIG. 23 1s an image of a frame difference between the
images having the shutter time 2ts.

FIG. 24 1s an enlarged view of the image in the mixed
area of the frame difference between the images having the
shutter,tlme'éis.

FIG. 25 plgts a change in the pixel value of a pixel,
with respect to a pixel position, in the image in the mixed
area of the frame difference between the images having the
shutter time 2Zts.

FIG. 26 illustrates the image of the frame difference
between the image having the shutter time 2ts and the image
having the shutter time ts. In the calculation process of
the image having‘the shutter time 2ts and the image having

the shutter time ts, the difference calculation process

between the pixel in the background in the image having the



shutter tinme 2ts. FIG 26 illustrates the image of the frame difference
bet ween the i nage having the shutter tinme 2ts and the inage having the
shutter tine ts. In the calculation process of the image having the
shutter tine 2ts and the image having the shutter tinme ts, the difference
cal cul ati on process between the pixel in the background in the inmge
having the - 62 shutter tine is and the target pixel of the image having
the shutter tine 2ts is appropriately alternated with the difference

cal cul ati on process between the pixet 68 the foreground in the inmge
having the shutter tinme is and the target pixel of the inage having the
shutter tinme 2ts. FIG 27 is an enlarged view of the image in the m xed

andthe IRHE Tagil (e RGO T T P Gor 28 BB TR TIE (he
pixel valdgudlol N Bl xel, 0 ULISaRRCL 40, Uhe slxel posd £ on, of the pixel

in the mXxe ar ea erence betveen %aving t he

shutter WiEr Al ANLING I JE0E DA 4 B 8nd RS LeLE( 1T ng 1o

FIG 23 rough FI G 28, _ ference mages havi ng the
shutter tddmAehdis ARMOXINRLINAL Ny SAE MAl U as: ffaty Of 5 thefd ane

difference of the image having the shutter time 2ts and the corresponding
i mage hawaigydthe isdt tar dd B age Fvidy StHEeagatdhe frocpss, of setting

t he pi xel val ue

FIG. 27 is an enlarged view of the image in the mixed
area of the frame difference between the image ﬁaving the
shutter time 2ts and the image having the shutter time ts.

FIGi:28 plots a change in the pixel value of the pixel
with respect to the pixel position of the pixel in the mixed
area of the frame difference between the image having the
shutter time 2ts and the image having the shutter time ts.

Referring to FIG. 23 through FIG. 28, the frame
diffeﬁence of_;he images having the shutter time 2ts has
approximately éhe same value as that of the frame difference
of the image hé&ing the shutter time 2ts and the
corresponding image having the shutter time ts.

For this reason, the process of setting the pixel value
having a high correlation to a pixel on the half side of the
double-density image, and generating the pixel value on the
other half side of the double-density image from the pixel
value having the high correlation and the original pixel
value results in@gn image substantially identical to an

image which is obtained from images which are captured with

the shutter time of the sensor halwved.



having a high correlation to a pixel on the half side of the

doubl e-density i mage, and generating the pixel value on the other half
side of the double-density imge fromthe pixel value having the high
correlation and the original pixel value results in an inmage substantially
identical to an 10 the shutter tinme of the sensor halved. - 63 The process
for generating a double-density i mge based on the pixel in the foreground
area is discussed below. Referring to FIG 29, a pixel dis in the
background area in the frame #n. The P3xel value Ml of the pixel d in the
frame #n is expressed in equation (21). Md = B10/4 + B10/4 + B10/4 + B10/4
- (21) The pixel value MIl and the pixel value NUZ in the doubl e- density

i f h | d I, d
(23): 1 cach 8P BAGRERoNEOL( SO oRe 95 CPRD BadelF oI CORFoRAREd

s10/2” BED 5 28 by f’rg%%dsfo%fx ey ) it

Referring to FIG. 29, a pixel d is in the background
area in the frame #n.

The pixel value Md of the pixel d in the frame #n is
expressed in equation (21).

Md = B10/4 + B10/4 + B10/4 + B10/4 (21)

The pixel value Mdl and the pixel value Md2 in the
double—dgnsity image for the pixel d are respectively
expressed in equations (22) and (23). In each of equations
(22) and'(23), the background component is multiplied by a
coefficient of 2.

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

B10/g + B10/2
l'.\

.= B10 | (22)

Md2 = 2 x (B10/4 + B10/4)

B10/2 + B10/2
= B10 (23)

The pixel value Bl0 of the corresponding pixel in the
frame #n-1 is set to the pixel value Mdl and the pixel value
Md2 in the double-density image for the pixel d.

The process for generating a double-density image based
on the pixel in Epe foreground area is discussed below.

When a double-density image is generated based on a

pixel in the foreground, a correct pixel value is not



(22) (23) The pixel value B10 of the corresponding pixel in the frame #n-1
is set to the pixel value MIl and the pixel value M2 in the

doubl e-density inmage for the pixel d. The process for generating a

doubl e-density inmage based on the pixel in the foreground area is

di scussed bel ow. Wen a double-density imge is generated based on a pixel
in the foreground, a correct pixel value is not - 64 obtained froma prior
frame or a subsequent frame, the spatial correlation of the foreground
conponent is used. The pixel value of64he prior frame or the subsequent
frame, whichever has a larger correlation value, is used as a pixel value
of any side of the double-density inmage. Another pixel value of the

doubl e-densi_ t.y i e is cal.cul ated usin equation .(4)_or equation (5). A
oi xel e Phtrahged HEer B Hartydoti Trod SRR e £ 0730 The

P VR G 8 ISR | S A 0D
oo oy ot MR s P ey R SO I
(25) andyf48hevidie HaQr @oneuRed cmanantt ich MAtL! ied Wed as a pixel
value of any side of the double-density image. Another
pixel value of the double-density image is calculated using
equation (4) or equation (5).

A pixel e falls within the foreground area in the frame
#n in FIG. 30.

The pixel value Me of the pixel e in the frame #n is
expressed in equation (24).

Me = F07/4 + F08/4 + F09/4 + F10/4 (24)

The pixel value Mel and the pixel value Me2 in the
double—densityyimage for the pixel e are respectively
expressed in é%gation (25) and equation (26). In equations
(25) and (26),l£he foreground component is multiplied by a

factor of 2 to adjust gain.

Mel

i

2 x (F09/4 + F10/4)
= F09/2 + F10/2 (25)
Me2 = 2.x (FO7/4 + F08/4)
= F07/2 + F08/2 (26)
When the pixel e has a higher correlation with the
corresponding piﬁpl in the frame #n+l than with the
corresponding pixel in the frame #n-1, equation (27) holds

using the spatial correlation of the foreground component.




factor of 2 to adjust gain. Mel = 2 x (F09/4 + F10/4) = F09/2 + F10/2 (25)
M2 = 2 x (FO7/4 + FO8/4) FO7/2 + FO08/2 (26) When the pixel e has a higher
correlation with the corresponding pixel in the frame #n+l than with the
correspondi ng pixel in the frame #n-1, equation (27) holds wusing the
spatial correlation of the foreground conponent. - 65 F = FO8 = FO7 = FO06
= FO5 = FO4 = FO3 (27) The pixel value of the corresponding pixel in the
frame #n+l is set to the pixel value Me2 in the double-density inmage for
the pixel e as expressed in equation(28)r M2 = FO7/2 + FO08/2 FO06/4 +
FO5/4 + FO4/4 + FO3/4 = F (28) The another pixel value Mel in the

doubl e-density image for the pixel e is calculated using equation (29),

which is reM@lttgaﬁfrogbaqua%b%n (%bs %%%at|%%3(5) ?E£7— 2 x Me - Me2

(29) In this way, nmage proceSS|ng apparatus genera t he

doubl e- denSIt%hengggeioggaﬁgggkx% I&&gg hqh #QQelﬁl§qu%r%%an$hen a

target pixel has roun , I'n other

vords, Whanithe JArael il qias \%lhiegri}f‘erz cl%ra{atdaiblvg-t&gmetyi xel in

image for the pixel e as expressed in equation (28).

Me2 = F07/2 + F08/2

F06/4 + F05/4 + F04/4 + F03/4
= F (28)

The another pixel value Mel in the double-density image
for the;pixel e 1s calculated using equation (29), which is
rewritten from equation (4) or equation (5).

Mel = 2 x Me - MeZ2 (29)

In this way, the image processing apparatus generates
the double-density image for the pixel falling within the
mixed1area. When a target pixel has a more background
component as sﬁown in FIG. 31, in other words, when the
target pixel has a higher correlation with the pixel in the
background, the corresponding pixel value in the background
is set as the pixel value in the double~density image in the
background. Based on equation (4) or equation (5), the
pixel value in the double-density image in the foreground is
generated.

The image processing apparatus generates the double-
density image foa.the pixel falling within the mixed area.
When a target pixel has a more foreground component as shown

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



background, the correspondi ng pixel value in the background is set as the
pi xel value in the double-density imge in the background. Based on
equation (4) or equation (5) , the pixel value in the double-density inage
in the foreground is generated. The inage processi ng apparatus generates

t he doubl e- density inmage for the pixel falling within the m xed area.

When a target pixel has a nore foreground conponent as showmn in FIG 31,
in other words, when the target pixel has a - 66 higher correlation with
the pixel in the foreground, the corré&époending pixel value in the
foreground is set as the pixel value in the double-density image in the
foreground. Based on equation (4) or equation (5), the pixel value in the

doubl e-densi,ty i mage .in .the bhackground. i ener.at ed. The imge_,processing
appar at uglld’eh‘r%} a oerg:et]‘r?gc “doubl i g‘ehnesi lyxelslrrgllgne bR ‘{j%%e%ﬁ:?( lrI@f aJT}F‘? ng with

(he bRk agings AT\ 40 S0 AR S SR

correlation’is e € pi xe he” frane havi ng the

hi gh corgglat ion s set [ ToRglo) tnide,

doubl e-d nlg':ésly V;gr}agez,ﬁgnt ap%({]%elﬁcl{xe 0‘{}gllue ?én_xtﬁ#eé/}géoﬂﬁ? eé-bf enscll‘t y image
i's gener 3 LAPIRLEAR PR ION dA)eadiDn {9 [ hise Woixe A Houbl epdensity

i mage is generated based on the pixel value of the background having |ess
noi se. TR IdREL e RHLEESS) NGhARPaAlSe NS Ad hes dpubl e depnsity i mage

for the pixel falling with the Toreground area.

The image processing apparatus generates the double-
density image for the pixel falling with the background area.
Referring to FIG. 32, a pixel having a higher correlation is
selectedﬁ and the pixel value in the frame having the high
correlation is set as the corresponding pixel value in the
double-density image, and another pixel value in the double-
density image is generated based on equation (4) or (5).

In this way, a double-density image is generated based
on the pixel value of the background having less noise.

The-image{processing apparatus generates the double-
density image f;r the pixel falling with the foreground area.
Referring to FIG. 32, a pixel having a higher correlation is
selected, and the pixel value in the frame having the higher
correlation is set as the corresponding pixel value in the
double-density image, and another pixel value in the double-
density image is generated based on equation (4) or (5).

FIG. 34 through FIG. 42 illustrate the results of the
generation of th%.double—density image by the image

processing apparatus of the present invention.

FIG. 34 illustrates the example of an input image



Referring to FIG 32, a pixel having a higher correlation is selected, and
the pixel value in the frane having the higher correlation is set as the
correspondi ng pi xel value in the double-density inmge, and another pixel
value in the double- density inage is generated based on equation (4) or
(5). FIG 34 through FIG 42 illustrate the results of the generation of

t he doubl e-density inage by the i mage processing apparatus of the present

invention. FIG 34 illustrates the exanple of an input imge - 67 having
the shutter tinme 2ts. FIG 35 illustraéés—the exanple of an enlarged inmage
containing a mxed area in the input inmage having the shutter tine 2ts.
FIG 36 illustrates a change in the pixel value with Tespect to a pixel

position.in .the . inpu 'qgge contaj,ning the mxed area and having the
shutter tlri‘—j‘r‘r"el s?he%es?‘edrtrl ng tlt%ge gté 36, the abscissa represents the pixel

posi ti on, andFIhhe3$¥ gisllf\lg\tg%g%@%rse%% t%ﬂ‘%g‘?&%i g valys 2 /G s ?ag' | lustrates

t he exanpl e of a ha the 0 ensity 1 mage genera T by the

i mge proeessi; ; 4 espPonse { q §Hgnh' ) G 38 is an
enl arged vi ewlgj%nﬂaﬁl%[)% éégi dtrega[)f t he dlorgﬁ{e]-dﬁeny tyé.l rra%e?ﬂcont ai ning the
m xed ar eg,,generated o4y the -image processing apparatus in response to

the i nput i mge.

FIG. 36 illustrates a change in the pixel wvalue with
respect to a pixel position in the input image containing
the mixed 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 the example of a half-side of the
double-density image generated by the image processing
apparatus in response to the input image.

FIG. 38 is an enlarged view of the half side of the
doublé—densityvimage, containing the mixed area, generated
by the.image'p%@cessing apparatus in response to the input
image. :

FIG. 39 plots a change in the pixel value with respect
to the pixel position in the half side of the double-density
image, containing the mixed area, generated by the image
processing apparatus in response to the input image.
Referring to FIG. 39, the abscissa represents the pixel
position, while the ordinate represents the pixel value.

FIG. 40 illgstrates the other half of the double-

density image generated by the image processing apparatus in

response to the input image. The double-density image



FIG 39 plots a change in the pixel value with respect to the pixel
position in the half side of the double-density imge, containing the

m xed area, generated by the inmage processing apparatus in response to the
input inmage. Referring to FIG 39, the abscissa represents the pixel
position, while the ordinate represents the pixel value. FIG 40
illustrates the other half of the double- density inmage generated by the

i mage processing apparatus in response to the input imge. The

doubl e-density inmage - 68 illustratedé8n-FIG 40 is a next inmge
subsequent to the double-density image illustrated in FIG 37. FIG 41 is
an enl arged view of the other half of the double-density inage, containing

th i xed at b he i / [ t [ t
he | nput- IRRgE HH O 4G i 5P (AR’ | A9 DI Oa ot THEr oopoct

to the pig(oel 1%°—Sc{etr£s°”c in the off ersth | i Pf; therdoubl e- density.: inmage,
cont ai ni ng uthhe mXed ar e4,- generate aby he" ‘i'mage processi ng apparatus in

response 1o t el Ryt 4iMage o BELELY 10,1 @ FLe 42ndihg AGSGISSa,J epresent s

the pixel position, while the ordinate represents e pixel ue. In the
mage. prom e e AR par AT he T ST The T ed Srex e e s the
width of gheyd Xeth e ddbdditnd WPPaddBIL 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:gmage, containing the mixed area, generated by the

image processing apparatus in response to the input image.

Referring to FIG. 42, the abscissa represents the pixel

position, while the ordinate represents the pixel value.

In the double~density images shown in FIG. 34 through

FIG. 42 generaped by the image processing apparatus, the

width ofnthe'm%ged area is as half as the width of the mixed
area in the inﬁﬁt image.

Also in the double-density images 'shown in FIG. 34
through FIG. 42 generated by the image processing apparatus,
the amount of motion blur is as half as the amount of motion
blur in the input image.

Referring to a flow diagram illustrated in FIG. 43, a
process of time resolution of the image processing apparatus
of the present igyention for generating an image having a

double density in the direction of time is discussed below.

In step S11, the image processing apparatus acquires an



Al so in the doubl e-density i mages-shown in FIG 34 through FIG 42
generated by the inmage processing apparatus, the anmnount of notion blur is
as half as the anbunt of notion blur in the input imge. Referring to a
flow diagramillustrated in FIG 43, a process of time resolution of the

i mage processing apparatus of the present invention for generating an

i mge having a double density in the direction of tinme is discussed bel ow
In step S11, the image processing apparatus acquires an - 69 input image.
The acquired inmage is stored in the +r@9e- nenory 101 and the frame nenory
102, and is delayed by frane. Each delayed franme is fed to the correlation
cal culator 103 or the correlation calculator 104. In step S12, the

correlatlon alculator 03 cal cul ates the correlati,on e wwth a
cor r espordi H%‘ﬁﬁ?&e |n @ﬁﬁgéﬁﬁ nt"PPEmeS SHETE l@aléﬁliﬁéﬁecorrelatlon

Cor ol at FERCER Al atD 104 it el iR (Bt r nd: FantuaruEs Rt A
val ue ol e Sed TR Y ad SV A QRO S R R T
thﬁlaf angﬁ’ép&)ﬁ%!s.#’a‘Jféqa%@ 0l u]10a5;orgq]’?ﬁ1r ates a half Si de pi xel val ue of
y image fromthe, pixel value having a higher correlation

value, basedrgnsiBp g@prekaki eBryahueisuPRhied 15ROP 1he cniehaldean

the correlation value with a corresponding pixel in a

subsequent frame, and the calculated correlation value is

then fed to the half-side pixel value generator 105. The

correlation calculator 104 calculates the correlation value

with a corresponding pixel in a prior frame, and feeds the

calculated correlation value to the half-side pixel value

generator 105.

In step $13, the half-side pixel value generator 105

gene;étes a ha@f—side pixel value of the double-density |

image from thé;pixel value having a higher correlation wvalue,

based on the céérelation value supplied from the correlation

calculator 103 and the correlation value supplied from the

correlation calculator 104. The half-side pixel value

generator 105 supplies the half-side pixel value generator

106 with the generated pixel value.

For example, the half-side pixel value generator 105
generates a pixel value of a frame having a double-density
image arranged at a position equally spaced in time from one

0f the subsequent frame and the prior frame having the

higher correlation and a target frame.



cal cul ator 103 and the correlation value supplied fromthe correlation
cal cul ator 104. The hal f-side pixel value generator 105 supplies the
hal f - si de pi xel value generator 106 with the generated pixel value. For
exanpl e, the hal f-side pixel value generator 105 generates a pixel value
of a frame having a doubl e-density inmage arranged at a position equally
spaced in tinme fromone of the subsequent frame and the prior franme having
the higher correlation and a target frame. - 70 In step S14, the
hal f -si de pi xel val ue generator 106 -geherates the other pixel value of the
doubl e-density image through the calculation taking into the
characteristics of the sensor, based on the pixel value of the target

pi xel and th hal f - si pi t he ouble densi t fed from
the hal f- side |§§F v§&ge gﬁeb&?érsigg pﬁ&F eXamS gepﬁﬁy qgnhe pi xel
val ue generatar rates a]pl Alre havi

doubl e d&TET tes é“e ar apoﬁ t| on hg%u%ﬁlg/ esp%e%sdr?ﬂ THHE from
o S e b v%?av S AR,
ggﬂg[ Zt ggcr?;e?féfn?snagggﬁ‘%oﬁae :‘&eehghégénle\r(g% pl xe O(f I.thét gyf&péhhe process
ends. | n i s 08 ke JiRbe WREETY Nh ARRUAILUSRNEI Pl Bfage fed

from the half-side pixel value generator 105.

For example, the half-side pixel value generator 106
generates a pixel value of a frame having a double-density
image arranged at a position equally spaced in time from one
of the subsequent frame and the prior frame having the
higher correlation and a target frame.

In step S15, the half-side pixel value generator 105
and the half-side pixel value generator 106 output the
doub;e—densityvimage formed of the generated pixel values
and the-procesg”ends.

In this wa&, the image processing apparatus generates
and outputs the image having a double dénsity in the
direction of time.

Specifically, the correlation calculator 103 and the
correlation calculator 104 respectively calculate
correlations between data of a target pixel in a target
frame and data of pixels, corresponding to the target pixel,
in a first frame‘and a second frame adjacent to the target
frame. Based the pixel date of one of the corresponding

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



and outputs the imge having a double density in the direction of tine.
Specifically, the correlation calculator 103 and the -correlation

cal cul ator 104 respectively calculate correlations between data of a
target pixel in a target franme and data of pixels, corresponding to the
target pixel, in a first frame: nd a second frane adjacent to the target
frame. Based the pixel date of one of the corresponding pixels in the
first frame and the second frane, detected by - 71 the correlation

cal cul ator 103 or the correlation catcllator 104, having a |arge
correlation, the half-side pixel value generator 105 and the half-side
pi xel value generator 106 generate first pixel data in a first synthesis

frame geper EE?@eQ%tﬁ%ﬁn cfafi%utl%g%%t 1fo_f3a%|% g g Qf e icragacﬂractoxsecond

frames containing the correspondi ng pixel having the pixel data wth the

| arge conpgl ahihoRngand 1980Lr 2l reeeendn ,f rare rdata Jdikied p38Eand 8y hesi s
frame generated between the target franme and the other of the first and

second f pRRRFatoRa308 And! heet akgetspigeelpigdatia vanetd kerfdriatloPiveed data. An
i mage having a double density in the direction of time is thus generated

and out pykenethech@lifrssi ¢e xpilxalatwaline agenersat eynkdesdnd firatmehal - si de

pi xel value generator 106 generate the first synthesis franme equally

spaced i gehetratkdobettheech the foeagetarddatdee and one of the first and
second frames containing the corresponding pixel having the
pixel data with the large correlation, and generate second
frame data in a second synthesis frame generated between the
target fﬁame and the other of the first and second frames,
based on the target pixel data and the first pixel data. An
image having a double density in the direction of time is
thus generated and output.

The half-side pixel value generator 105 and the half-
side pixel valPe generator 106 generate the first synthesis
framé equally gpaced in time from the first frame and the
target frame, éﬁd the gecond synthesis frame equally spaced
in time from the secopd . frame and the target frame.

Referring to a flow diagram illustrated in FIG. 44, a
process of time resolution of the image processing apparatus
of the present invention for generating an image having a
double density in the direction of time i1s discussed below.

In step S31, the image processing apparatus acquires an
image having a SQPtter time 2ts. The acquired image is

stored in the frame memory 101 and the frame memory 102.

and is delayed by frame. Each delayed frame is fed to the




target frame, and the second synthesis franme equally spaced in tinme from
the seco4.dfrane and the target frane. Referring to a flow di agram
illustrated in FIG 44, a process of tine resolution of the inage
processi ng apparatus of the present invention for generating an inage
having a double density in the direction of tinme is discussed below In
step S31, the inmage processing apparatus acquires an image having a
shutter tinme 2ts. The acquired image is stored in the frane nenory 101 and
the frame nmenory 102. and is del ayed b¥2franme. Each delayed franme is fed to
the - 72 correlation calculator 103 or the correlation cal culator 104. In
step S32, the correlation calculator 103 cal cul ates the absolute value of a

di fference il R, valuq RAlyEe # orfo'%(ﬁé cl:cg'rfle%Q'E §h %Si‘ 18pdya104

correspondi ng pi xel in a ‘subsequent frame, and solute val'ue of

the differengg che%h§39' X%hevébklﬁélé‘hkﬂecg%fulélt@% @'0)§E|ca\i@lul1%tg§ner at or

105. The correlatioh cal éul'ator 104 calcul ates the absol ute val ue of

di fferenggd RRioi@lteY FRiPRIeen Afe Riceelid Hibhe tAIGR dd@mmnd a
corresponding pixel in a prior frame, and feeds the absol ute value of the

di ffereng@xedl i@ Rizt@fetvadruge Lod he daldesy AR NI 1Al us, generat or
105. The correlation cal culator 103 or the correlatlon cal cul ator 104 may
det ect a s@ibiskef@nce Memsernndhe pidselthey aluRS 1A% ar0afd & AtiHN.
difference of the pixel values to the half-side pixel wvalue
generator 105. The correlation calculator 104 calculates
the absolute value of a difference in pixel value between
the pixgg in the target frame and a corresponding pixel in a
prior frame, and feeds the absolute value of the difference
of the pixel values to the half-side pixel value generator
105.
The correlation calculator 103 or the correlation
calculator 104\ :may detect a difference between the pixel

I
values as a correlation.

In step 535, the half-side pixel value generator 105
sets the pixel value having a smaller absolute value as a
half-side pixel value in the double-density image, based on
the absolute value of the difference of the pixel values
supplied from the.correlation calculator 103 and the
absolute value of the difference of the pixel wvalues
supplied from the correlation calculator 104. Specifically,
the half-side piﬁgl value generator 105 copies the pixel

value of one of the corresponding pixels in the subsequent

frame and the prior frame with respect to the target frame



In step S33, the half-side pixel value generator 105 sets the pixel value
having a smal |l er absolute value as a half-side pixel value in the

doubl e-density i nage, based on the absolute value of the difference of the
pi xel values supplied fromthe correlation calculator 103 and the

absol ute value of the difference of the pixel values supplied fromthe
correlation cal culator 104. Specifically, the half-side pixel value
generator 105 copies the pixel value of one of the corresponding pixels in
the subsequent franme and the prior frafe-with respect to the target frane
- 73 detected by the correlation calculator 103 or the correlation

cal cul at or 104, whichever has a larger <correlation, as a pixel value in

the synt hesia gkgagﬁat&ﬁpg&g&@ﬂa&g&ﬁpqﬁg%ﬁﬁéﬁgﬁqux;Qﬁpg: d the one of the

subsequent fr the prior frane e pixel” value having the

Larger corseleaticain The Jialdcr! 4001 Xl otahs GENETAtol S feeds The hal f-

si de pi xel value generator 106 wth a doubl e-densi wth

the., - - pice@ireMalti®nawisng theanRlaigfe absalnd e Malie of s didd erence. In
step S34, the half-side pixel value generator 106 generates the other

pi xel valyee eah tidie bdaleer deRs itat JatB e ard=ou0 Rt Hh el fxulwafd on taki ng
into consideration the characteristics of the CCD based on the pixel value
of the tabgequehanEradird anide ttheu plré-ode e iHRgagMdne tHikdll X&l1ue

having the larger correlation.

The half-side pixel value generator 105 feeds the half-
side pixel value generator 106 with a double-density image
with thqﬁpixel value having the smaller absolute value of
differencé.

In step S34, the half-side pixel value generator 106
generates the other pixel value of the double-density image
through the calculation taking into consideration the
charaéteristiq@ of the CCD based on the pixel value of.the
target frame, gnd the double-density image with the pixel
value having thé smaller absolute value of difference fed
from the half-side pixel value generator 105,

For example, the half-side pixel value generator 106
calculates the other pixel value of the double-density image
by subtracting the pixel value of the pixel in the double-
density image with the pixel value having the smaller
absolute value of difference from a value equal to twice the
pixel value of tﬁ? pixel in the target frame.

In step S35, the half-side pixel value generator 105

and the half-side pixel value generator 106 output the



val ue having the smaller absolute value of difference fed fromthe
hal f - si de pi xel value generator 105. For exanple, the half-side pixel value
generator 106 calcul ates the other pixel value of the double-density image
by subtracting the pixel value of the pixel in the double- density inage
with the pixel value having the smaller absolute value of difference from
a value equal to twice the pixel value of the pixel in the target frane.

yr I'n step S35, the half-side pixel value generator 105 and the half-side
pi xel val ue generator 106 output the~-7%4- doubl e-density inmage having the
generated pixel value and having the shutter time is and the process ends.
In this way, the hal f-side pixel value generator 105 copies the pixel data

of the O%Qlé%wﬂﬁw %@_{ﬁ@'@hei I{g&eaéé%?l@g ff%ﬁ)@daljxé anes

detected by the correlation calculator 103 and t correlation cal cul at or

104, whi ahevalg 1as shd@idert G red ald@nuh@Sptdedd rsigpi xel data in the
first synthesis frame generated between the target frame and the one of

the first andIseeand WagTesnRawang-ihee ¢ANMASRANHNGLaLA Raving the
| arger correlation. The hal f-side pixel value generator 106 cal cul ates the

second piocglietatithd)ypindlt rdcdd ner tiee fddsto Pined Ek fe SR Hng Y e £qual
to twce the target pixel data. one of th(p.correlation calculator 103 and
t he in the first and second frames detected by the correlation

calculator 103 and the correlation calculator 104, whichever

has a larger correlation, as the first pixel data in the

first synthesis frame generated between the target frame and

the oneigf the first and second frames having the

corresponding data having the larger correlation.

The half-side pixel value generator 106 calculates the
second pixel data by subtracting the first pixel data from a
value equal to twice the target pixel data.

Qne of thgzcorrelation calculator 103 and the
correlation caiculator 104 detects the difference of the
pixel data as ﬁﬁe correlation.

In accordance with the present invention, the image
processing apparatus of the present invention generates the
double-density image having the shutter time ts from the
image having the shutter time 2ts and outputs the double-
density image.

In the above discussion, the image processing apparatus
of this inventio% generates an image having a double density

in the direction of time. By repeating the above process,

4-fold, 8-fold, and 16-fold density images may be generated.



correlation cal culator 104 detects the difference of the pixel data as the
correlation. In accordance with the present invention, the inmage

processi ng apparatus of the present invention generates the double-density
i mage having the shutter tinme is fromthe inage having the shutter tine
2ts and outputs the double- density image. In the above discussion, the

i mage processing apparatus of this invention generates an inmage having a
doubl e density in the direction of tine. By repeating the above process,
4-fold, 8-fold, and 16-fold density Tnbdges may be generated. - 75 The
novenent of the object of the foreground is from left to right, but the
direction of the novenent of the foreground object is not limted to any

parti cul ar di ket hBhemihe SENIQEL b;a8k hifgistzhgs&l}%g%gg g $elgor may be

any solid-state i mage pl ckup device; suc 'ementary Metal-

Oxi de Seni NAUC QI + S : i i , a CD
MeGANAUCtQlh d Mage scg{ésgﬁépe%t(%h%Do@%tmo%@& 563 tﬁﬁérhe

(Charge I njection vice), arge Primng Devi sensor

i's not |ifdided@oun@ BRSO MHEH 11161 vllestd ARYTbXrof cdehechiokeLERRNt S,
and may be a sensor in which a line of detector elenents is arranged. The

storage nedi uthst eehBeraipr agtamifeteperher otny thee ségH3; REpcESsi ng of

the present invention includes a package nedi umwhich is distributed to

supply theayusen id-tshate image pickup device, such as CMOS
(Complementary Metal Oxide Semiconductor) image sensor, a
BBD (Bucket Bridge Device), a CID (Charge Injection Device),
or a CPD (Charge Priming Device). The sensor is not limited
to a sensor which includes a matrix of detector elements,
and may bé a sensor in which a line of detector elements is
arranged.

The storage medium storing a program for performing the

signal processing of the present invention includes a
package mediumpwhich is distributed to supply the user with
a software pro%ram, separate from a computer, as shown in
FIG. 1. The paékage medium may be a magnetic disk 51 (such
as a flexible disk), an optical disk 52 (such as a CD-ROM
(Compact-Disk Read-Only Memory), DVD (Digital Versatile
Disk)), a magnetooptical disk 53 (such as MD (Mini-
Disk) (Tradename)), a semiconductor memory 54. The storage
medium also includes a ROM 22 which stores a program and is
supplied in a computer to the user or a hard disk contained
in the storage ug}t 28.

The present invention includes a process in which steps

describing a program stored in the storage medium are



a software program separate froma conputer, as shown in FIG 1. The
package nmedi um may be a magnetic disk 51 (such as a flexible disk), an
optical disk 52 (such as a CD-ROM (Conpact-Di sk Read-Only Menory), DVD
(Digital Versatile D sk)), a magnetooptical disk 53 (such as MD (M ni -

D sk) (Tradenane)), a sem conductor nmenory 54. The storage nedium al so

i ncludes a ROM 22 which stores a programand is supplied in a conputer to
the user or a hard disk contained in the storage unit 28. The present

i nvention includes a process in which Bieps describing a programstored in
the storage nmediumare - 76 sequentially perfornmed in the order described,
and a process in which steps are perforned in parallel or separately

R R s R T

present I nvention n an i ma haVI ng a ns

directi OG. R‘Ihtllcrilie S%% S a%t e%lfor%%lﬁ rlgl q.%lblol{r Se Gl CLAI IVB 1. An

Il ar c?te_rl
i mage processing apparatus for processing an | mage forne pi xel data of

frames, ohtaihednhy %e%e,sgreque@&ll q'lrwp%%rf%%d el enents, each havi ng a
time integration effect,” conprisin
Industrial Applicability
The present invention results in an image having a high
density in the direction of time and a natural-looking

motion blur.



correlation detector neans for detecting a correlation between pixel data
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 frane, 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 frane adjacent
to the target frane, and pi xel date 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 and %écond frames containing the
correspondi ng pi xel having the pixel data wth a larger correlation, based
on the pixel data of one of the corresponding pixels in the first and
second franes having the |arger coréﬁif&éon detected by the correl ation
detector means, and for generating prxél data of a second pixel in a
second synthesis frame generated between the target frane and the other of
the first and second franes, based on the pixel data of the target pixe

and the pixel | dajf ohagBeplbesbsPhgChppardBus2eofNpkBBASsRHECEASI NY
apparatus according to claim1l, wherein the pixel data generator neans

copi es t henRjexeofrid oOfpilhe aneDfot e L d e shondh ey m%ea Sséisdhe first
and second franes having the |larger correlation detected by the

correl at ijoft 1dRtieR] e tERAS: asl didh i X&dadtatimwing he tiMstintdyedtidht he
first synthesis franme generated between the

effect, comprising:

correlation detector means for detecting a correlation
between pixel data of a target pixel in a target frame from
among f;ﬁmes 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

pixel dat§zgenerator means for generating pixel data of
a first,pixel!in a first synthesis frame generated between
the target fraﬁé 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 by the correlation
detector means, and for generating pixel data of a second
pixel in 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.



target franme and the one of the first and second franes
correspondi ng pi xel having the pixel data wth the |arger correlation.
An i mage processi ng apparatus according to claim1,

contai ning the

wherein the pixe

3.
dat a

generator neans generates the first synthesis frane at a position equally

spaced in tine from

the first frame and the target franme, and the second

synthesis frane at a position equally spaced in tine from the second frane

and the target franme. 4. An inmge processing apparatus according to claim
1, wherein the pixel data generator nams cal cul ates the pixel data of
t he second pi xel by subtracting the value of the pixel data of the first

pi xel

froma value equal to twice the value of the pixel data of the

target pixel. 5. An inmge processing apparatus according to claima1,
wherein the inmage is processed which is obtained by the sensor having a

plurality of gdet gl Ofmaﬁeﬁg&g:%eosfgdipﬁ% fbdfacdl dedslatie direpdipm 6. An

i mage processl ng ‘appar

processed,whiGh kg 0Bk gbRedaRY:

difference of the pixel data as the correlation.

second frames having the larger correlation detected by the
correlation detector means as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
contain;gg the corresponding pixel having the pixel data

with the larger correlation.

3. An image processiﬁg apparatus according to claim 1,
wherein the pixel data generator means generates the first
synthesis frame at a position equally spaced in time from
the first fraﬁé and the target frame, and the second

synthesis frame at a position equally spaced in time from

the second frame and the target frame.

4. An image processing apparatus according to claim 1,
wherein the pixel data generator means calculates the pixel
data of the second pixel by subtracting the value of the
pixel data of the first pixel from a value equal to twice

the value of the;pixel data of the target pixel.

5. An image processing apparatus according to claim 1,

aiml, wherein the inage is
;g@aer%%%o meaw RGA i Wil ifikeal ddelect or

elenenps arranged in-a matrix form 7. An Inmage processing apparatus

accor di ngrt @nel 3n@ &f twWaeBirRekpeneohtehaikica’ det ewlort ifansandet ects a

79



a. An image processing nethod of an inmage processing apparatus for
processing an i mage fornmed of pixel data of franmes, obtained by a sensor
i ncludi ng detector elenents, each having a tine integration effect,
conprising: a correlation detection step for detecting a correlation
bet ween pixel data of a target pixel in a target franme from anong franes
and pi xel data of a corresponding pixel in a first frane adjacent to the
target frane, and a «correlation between the pixel data of the target pixe
in the target frame 10 and pi xel data/®f-a correspondi ng pixel in a second
frame adjacent to the target franme, and a pixel data generation step for
generating pixel data - 80 of a first pixel in a first synthesis franme

r

i

gener at g, ftyea. { NG.LAr Gt i aR Nt NG 01 4 e sl and aecond frames

cont ai ni ng theé correspo havi ng e pl xe ata a | arger

correl at Qs hased g LRIl (AkE et QR Ofe IARAL LESRANANG i X€I S [ 1

[
the first and secon s having the larger correlation detected in the

correl ati,@ndetecti@n s5tepR+ i3pd for generating pixel data of a second
pi xel in a second synthesis frane generated between the target franme 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. 9. An image processing

met hod accordgng A® Ghadhd Srocdwel el Napper ptxel adabadgegetat toaiGt Bp COpi €5
t he pi xel data
wherein the image is processed which is obtained by the
sensor having a plurality of detector elements arranged in a
matrix form.
7. An image processing apparatus according to claim 1,

wherein the correlation detector means detects a difference

of the pixel data as the correlation.

8. An image processing method of an image processing
apparatus for %rocessing an image formed of pixel data of
frames, obtainea 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 in 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 pixel data generation step for generating 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 pixel data of the first pixel in the first synthesis franme "
generated between the target franme and the one of the first and second
frames containing the corresponding pi xel having the pixel data wth the
| arger correlation. 10. An imge processing nethod according to claimS8,
wherein the pixel data generation step generates the first synthesis frame
at a position equally spaced in tine f&8om- 81 the first frame and the
target frame, and the second synthesis frane at a position equally spaced
intime from the second frane and the target frane. 11. An inage

Sl op cal A1 At S TCHoERIT Last 4150 T RYTEBERRT B S SR R g the

step cal second pi X subttacting the

;’ﬁgusaf)fjgte(t;ce eteﬁie¥?1le qi?trggé%; fé:%ﬁltef iarn%t o?liex %lf. ftrhl%'m 2T:Vsaé U £ %lé%lontdo twce

P X€E he target pi xe . An i mage processing

met hod a%%%&%%ggoh%aﬁhahﬁ;%he whenelg #ﬂ&iﬂiﬂﬂ%?éfsﬂgﬁﬁﬁf%%%‘Mﬂ#gliS

obt ai ned sensor ving a plurality etector €l enments arranged in

at | east jone QJiirt‘ﬁC:ai Mrger L3reAHiRge RIREESH NhBINQ aeer dimg to

claim8, wherein the inmage is processed which is obtained by the

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 in 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.

9. An image processing method according to claim 8,
whergin the p;gel data generation step copies the pixel data
of the one of %he corresponding pixels in the first and
second frames ﬁéving the larger correlation detected in the
correlation detection step as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames

containing the corresponding pixel having the pixel data

with the larger correlation.

10. An image processing method according to claim 8,
wherein the pixel data generation step generates the first

synthesis frame at a position equally spaced in time from



sensor having a plurality of detector elenents arranged in a matrix form
14. An image processing nethod according to claim8, wherein the
correlation detection step detects a difference of the pixel data ,, as
the correlation. 15. A storage nediumstoring an inmage processing, - 82
conput er readabl e programfor processing an i mage fornmed of pixel data of
frames, obtained by a sensor including detector elenents, each having a
time integration effect, the programconprising: a correlation detection
step for detecting a correlation between-pi xel data of a target pixel in a
target frame fromanong franmes and pi xel data of a corresponding pixel in
a first frame adjacent to the target frame, and a correlation between the

pi xel dat of th t et R et fra and_pi xel data of a
cor r esponditng i xelﬂﬁ %“ s&e(gco}hdncfarragr?e a%ag‘l:e’ntant e §e§ frarre, and a
pi xel datg ti 3 fo rati t 3y of a f|r ixel in a
first syn&f?g%l%s lt%r afr%egngeﬁagtra cfgigintt V\glenr}ﬁ‘hﬁjt deeafac §% ane 1alnm r f the

first and;seg nélfygﬁ%(é WY ai ]%ﬂﬁbase pondi ng pi xel having t he

pi xel data wth a larger correlati on the pixel data of one of
the corresponding pixels in the first and second frames having the |arger
correlation detected in the

11. An image processing method according to claim 8,
wherein the pixel data generation step calculates the pixel
data of the second pixel by subtracting the value of the
pixel data of the first pixel from a value equal to twice

the valug of the pixel data of the target pixel.

12. An image processing method according to claim 8,
wherein the image is processed which is obtained by the
sensor having a plurality of detector elements arranged in
at laast one diirection.

H

13. An imaée processing method according to claim 8,
wherein the image is processed which is obtained by the
sensor having a plurality 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 datg as the correlation.

15. A storage medium storing an image processing,



correlation detection step, and for generating pixel data of a second

pi xel in a second synthesis frane 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 the first pixel. 16. A storage nedi um
according to claim15, wherein - 83 the pixel data generation step copies
the pixel data of the one of the corresponding pixels in the first and
second frames having the larger correlation detected in the correlation
detection step as the pixel data of th&ft+rst pixel in the first synthesis
frame generated between the target frane and the one of the first and
second frames containing the correspondi ng pi xel having the pixel data

with 1 he dele c UL Ohrogrdn Idhr A A 808 4TB] URACE OFALIG, L0 cl alm

15, whereln e pixe geherati on“step gene firs syﬁ?hesis

frame at g posiddion B9Yaldespased ded Wip d ramddie fddnlaidgare and the

target frame, and the second synthesis frame at a position ~equally spaced

in tine fqamdde saconddd andcrah dihey 4 age! fadk-adén A starage medi um

according to claim 15, wherein the pixel data generation step cal cul ates
t he pi xeltndatd Rfrant ORGP Xel by subtracting the value of the pixel

data of the first pixel froma value equal to tw ce the val ue of

a correlation detection step 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 frame adjacent to the target frame, and a
correlatgon 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 pixel data generation step for generating pixel data’
of a first pixel in a first synthesis frame generated
between the tapget frame and one of the first and second
frames,pontai;%ng the corresponding pixel having the pixel
data with a laféer 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 in 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 th% first pixel.

16. A storage medium according to claim 15, wherein



the pi xel data of the target pixel. 19. A storage nedium according to claim
15, wherein the inage is processed which is obtained by the sensor having
a plurality of detector elenents arranged in at least - 84 one direction.
20. A storage nedium according to claim 15, wherein the inage is processed
which is obtained by the sensor having a plurality of detector elenents
arranged in a matrix form 21. A storage nedium according to claiml1l5,
wherein the correlation detection step detects a difference of the pixel
data as the correlation. 22. A progran83o-be executed on a conputer
controlling an image processing apparatus for processing an imge forned of
pi xel data of franmes, obtained by a sensor including detector elenents,

each having a.ti jntegration.effect, the .program caonprising:
correl at it(?% (?étxéeg idc?gcast GG ST G R T or TS Jixong'![r?l b at?/\%eonépﬁ@eel dat a
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and pi xel rrespon pi xel” 1n a secon rane ac ,jacent to
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pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
containing the corresponding pixel having the pixel data
with the larger correlation.

17. .A storage medium according to claim 15, wherein
the pixel data generation step generates the first synthesis
frame at a position equally spaced in time from the first
frame and the target frame, and the second synthesis frame
at a_position}pqually spaced in time from the second frame

i
and the target . frame.

18. A storage medium according to claim 15, wherein
the pixel data generation step calculates the pixel data of
the second pixel by subtracting the value of the pixel data
of the first pixel from a value equal to twice the value of

the pixel data of the target pixel.

19. A storage medium according to claim 15, wherein
the image is processed which is obtained by the sensor

having a plurality of detector elements arranged in at least



of a first pixel in a first synthesis frame generated - 85 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 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 in a
second synthesis frame generated between the target frane and the other of
the first and second frames,-based on84he pixel data of the target pixe
and the pixel data of the first pixel. 23. A program according to claim
22, wherein the pixel data generation step copies the pixel data of the one
of the corres ondl ixels in the first and second franmes having i, the

| ar ger cS¥i%el Jg’é‘ltoected in the correlation detection step as the pixel
data of the flrst pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames containing the

correspondi ngg) xek bav}ngo L heqplufel 0ata G Bot BEaLRT 98T yaaLLehalion.

A progran1accord|ng Wher ei I xé ata’genération step

gener at es. fhteh greStlSS;H}tcjthl%%lS%(j LA AL o %H’%ﬁéc?rbefq&@é lYeriiiiced in time

fronlthe rane he target franme, and theé second synthesis frane
at a having a plurality of detector elements arranged in a matrix

form.

21. A storage medium according to claim 15, wherein
the corrglation detection step detects a difference of the

pixel data as the correlation.

22. A program to be executed on a computer controlling
an image processing apparatus for processing an image formed
of p;#el data pf frames, obtained by a sensor including
detector'elem;%Fs, each having a time integration effect,
the program comﬁrising:

a correlation detection step 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 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 anacent to the target frame, and

a pixel data generation step for generating pixel data

of a first pixel in a first synthesis frame generated



- 86 position equally spaced in tinme fromthe second frane and 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 pixel data of the first pixel froma val ue
equal to twice the value of the pixel data of the target pixel. 26. A
program according to claim22, wherein the image 1is processed which is
obtai ned by the sensor having a plurality of detector elenents arranged in
at |east one direction. 27:A program@gcerding to claim 22, wherein the
image is processed which is obtained by the sensor having a plurality of
detector elenents arranged in a matrix form 28. A program according to

clain122 erel t he corrg#gtlon detectio t ep. detects dlff rence of
the pixel® At e T A" é’neAnO‘r?‘éb‘? fplirc%pa‘b%\ﬁecce npri si ng
i mge pi %tu Qr. outputtin xel dat frane an. o ect
i mage pi cKe %%%ﬁ)qﬂf %%n%@%éﬂbléﬁﬁ?%quﬁ)lQHrP q&wlﬁﬁ éhﬁ d nunber
of _Pixel 58861 18 NG, A s - I dVAOMAH | Ok & ciq %@f'&&y%ﬁctor |
means for J: ing a relatlon et ween pi x a target pixel in
a tarQEtcﬁk@@%fﬂﬂancorrespondlng 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 in 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.

23. A program according to claim 22, wherein the pixel
data generation step copies the pixel data of the one of the
corresponding pPixels in the first and second frames having
the larger co;%glation detected in the correlation detection
step as the pix;l data of the first pixel in the first
synthesis frame generated between the target frame and the
one of the first and second frames containing the

corresponding pixel 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
a position equally spaced in time from the first frame and

the target frame, and the second synthesis frame at a



anong frames and pi xel data of a corresponding pixel ina first frane
adj acent to the target frame, and a correlation between the pixel data of
the target pixel in the target frame and pixel data of a correspondi ng
pi xel in a second frame adjacent to the target frane, and pixel data
generator neans for generating pixel data of a first pixel in a first
synthesis frane generated between the target frane and one of the first
and second franes containing the correspondi ng pixel having the pixel data
with a larger correl ation, based on th&ép+xel data of one of the
corresponding pixels in the first and second franmes having the |arger
correl ation detected by the correlation detector neans, and for generating
pi xel data Qf .a_secon Jﬁpl a second. s nt esi s nﬁage enerat d between
et

t he taré%t %ﬁ%ﬁﬁ (ﬁntﬁﬁyﬁlﬁ% ST ased on
t he pi xel data of .t target pixel and the plxel dat a of the flrst pi xel .
30. An |§§5%1ﬁF§k q%é@?ce according to claim?29, wherein the pixel data

gener at or neans coples the pixel data of the one of the correspondi ng
pi xels in the first and - 88 second frames having the larger correl ation

detected by the. cRrbebathfnaflebpalfy Bansaan bhe phyplidatfcobikls M1 st

pi xel in the |rst S esi s frane g erate tween the targe rame and

the one qaéah%éﬂélsattl%w SEGOUL B s CAY YUY ddea GOF rasPosEidig, pi xel
havi ng the pixel data

pixel by subtracting the value of the pixel data of the

first pixel from a value equal to twice the value of the

pixel data of the target pixel.

26. A program according to claim 22, wherein the image
is processed which is obtained by the sensor having a
plurality of detector elements arranged in at least one’
direction.
A \‘ i
. |
27+ A program according to claim 22, wherein the image

is proceésed which is obtained by the sensor having a

plurality of detector elements arranged in a matrix form.

28. A program according to claim 22, wherein the
correlation detection step detects a difference of the pixel

data as the correlation.

29. An imagg pickup device comprising image pickup
means for outputting, as pixel data of frames, an object

image picked up by an image pickup unit having a



with the larger correlation. 31. An inmage pickup device according to claim
29, wherein the pixel data generator neans generates the first synthesis
frame at a position equally spaced in tinme from the first frame and the
target frame, and the second synthesis frane at a position equally spaced
intime from the second franme and the target frane. 32-x, An image pickup
devi ce according to claim?29, wherein the pixel data generator neans

cal cul ates the pixel data of the second pixel by subtracting the val ue of
the pixel data of the first pixel ffog7avalue equal to twice the value
of the pixel data of the target pixel. 33. An inage pickup device according
to claim?29, wherein the imge is processed which is obtained by the
sensor having a plurality of detector. elenments arranged in at |east one

di r ect i oRredegermipedapunhiede 9 AEF IdeviceE RGNS t0-% ai m 29, wherein
the image i s processed which is obtained by the sensor having a pluralit
of detecﬁ&F%ﬁ%&ﬁ%ﬂﬁ;%h%%ﬂﬁed inamtrix form 35. An inmage pickup devicg

according to clalm 29, waereln the carrelal hon detget or (15an3 detgets a
difference of°the pixgp SC5°58T RE COFFEF&FIOH. ghd

between pixel data of a target pixel in 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

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.porrelation, based on the pixel data of one of
the correspohdgng pixels in the first and second frames
having the largér correlation detected by the correlation
detector means, and for generating pixel data of a second
pixel in 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.

30. An imagg pickup 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



_88_

second frames having the larger correlation detected by the
correlation detector means as the pixel data of the first
pixel in the first synthesis frame generated between the
target frame and the one of the first and second frames
containing the corresponding pixel having the pixel data

with the larger correlation.

31. An image pickup device according to claim 29,
wherein fhe pixel data generator means generates the first
synthesis frame at a position equally spaced in time from
the first frame and the target frame, and the second
synthesis frame at a position equally spaced in time from
the second frame and the target frame.
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32« An iﬁége pickup device according to claim 29,
wherein the pixél data generator means calculates the pixel
data of the second pixel by subtracting the value of the
pixel data of the first pixel from a value equal to twice

the value of the pixel data of the target pixel.

33. An image pickup device according to claim 29,
wherein the image is processed which is obtained by the
sensor having a plurality of detector elements arranged in

at least one direction.



34. An image pickup device according to claim 29,
wherein the image is processed which is obtained by the
sensor having a plurality of detector elements arranged in a

matrix form.

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

of the pixel data as the correlation.



