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Function  BACKGROUND OF THE I NVENTION Fiekd of the Invention “e
Present invention relates to a signal processing apparatus for increasing a

resolution of a pickup inmage data by way of interpolation. Description of
the Rel ated Art Convent i onal

ly,,there is known a single-plate type
video canera using a single color CII} However, as shown in Fig. 1

al i asi ng dwuout put of the G checker R/'B |line sequenti al
met hod. Iﬂﬁiﬁ?ﬁ%ﬁt n

own two-plate type and three-plate type

. video caner as Imaigeg P{ekupndppareeucClavihignenclntespobit bon Mingtldd vy of
CCD costs nuch and requires a conplicated configuration of the apparatus.

There is also known a technique to obtain a high resolution by

mobblingJﬁgﬁﬁﬁggﬁQgﬁﬂgggglg%pé?ﬁggﬁgph or the like so as to conbine a
pluralit t _

Eield of the Invention

Present invention relates to a signal processing apparatus
for increasing & resolution of a pickup image data by way of
interpolation.

Descriptjon of the Related Art

Conventionally, there is known a single-plate type video

camera using a single color CCD, However, as shown in Fig. 1,

aliasing is caused in the CCD output of the G-checker R/B line
sequential method.

There are also known two-plate type and three-plate type

video cameras using two and three CCD. However, use of =

plurality of CCD costs much and requires a complicated
configuration of the appa:atﬁs.

There is salso Xxnown & technique to obtain a high

resolution by wobbling the CCD position by & bimorph or the
like so as to combine a8 plurality of frame images obtained at

different positions. Howevef, this meth6¢ also has a problem
that the method is too much complicated, '

SUMMARY OF THE INVENTION

It is therefore en object .0f the present invention to
provide a signal processing epparatus enabling to obtain an
image of a high resolution by way of interpolation of an image



different positions. However, this nmethod al so has a problem that the
nmet hod is too nuch conpli cat ed. SUWWARY OF THE | NVENTI ON It is
t herefore an object of the present invention to provi de a signal

processi ng apparatus enabling to obtain an i mage of a high resolutiaon by
way of interpolation of an inage 2

dat a pi cked- up. The present inventipn provides an inage pickup
apparatus conprising: an imge pickup elenent having a plurality of pixels
arranged i matengtickedsupt.e, each pixel outputting a sanple information
according to a Light received; correl ation val ue detectingpneans based on
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| mage pi ckup el enent, for
detecting gpixgYsl atrangedi (¢ af matplnr altiatye ,ofessdnpp Exe hf outpdt Ping naa
hori zontal direction, a correlation value of a plurality of sanple

. C K . mp .
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of sanple value detecting means based on sample information from a

plurality of pixels positioned in the vicinity of a reference
sample within & frame composed by the sample information
outputted from the respective pixels of the image pickup
element, for detecting a correlation value of a plurality of
sample information in & horizontal direction, a correlation
value of a plurality of sample information in a vertical
direction, and a correlation value of a plurality of sample
information in a diagonal direction; and interpolation means
based on the sample information of the pixels positioned in the
direction having the greatest correlation value detected by the
correlation wvalue detecting means, for executing

an
{nterpolation for the reference semple position.

According to another aspect of the present invention,
there is also provided a signal processing apparatus for
executing an interpolation based on & reference sample position
within a frame composed by sample information outputted from
a plurality of pixels arranged in a matrix state and provided
in an image pickup element which outputs sample information
according to a light quantity received by each of the pixels,
the interpolation %being executed according +to sample

information of pixels around the reference sample position, the



information in a diagonal direction; and interpolation neans based on the
sanple informati on of the pixels positioned in the direction having the
greatest correlation value detected by the correlation value detecting

means, for executing an interpolation for the reference sanple position.
Accordi ng to anot her aspect of the present invention, there is also

provi ded a signal processing apparatus for executing an interpolation

based on a reference sanple position wthin a frame conposed by sanple
i nf or mat | FWPIRAPIR t LRPPTLIANE: prereelatian veluie sdereckmingl neans nfiori x

state and V) In_an._i I ck el epent whjch uts, sanpl
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around the reference sanple position, the
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information in the diagonal directions according to sanple information of
a plurality of pixels position in the vicinity of the reference
sample position; and interpolation means for executing an
interpolation for the reference sample position according to
sample information of pixels positioned in a direction having
the greatest correlation value detected by the correlation
value detecting means.

According to still another aspect of the present invention
there is provided an interpolation method for executing an
interpolation according to sample information from a plurality
of pixels positionéd in the vicinity of a reference sample

position within a frame composed by sample information

outputted from an image pickup element having a plurality of
pixels arranged in a matrix state, each pixel outputting a
sample information according a received light quantity, wherein

by detecting for the reference sample position a
correlation value of a plurality of sample information in a
vertical direction, a correlation value of a plurality of
sample information in & horizontal direction, and & correlation
value of a plurality of sample informetion in & diagonal
direction, according to sample information from & plurality of

pixels positioned in the vicinity of the reference sample



a plurality of pixels position in the vicinity of the reference sanple
position; and interpolation neans for executing an interpolation for the
ref erence sanple position according to sanple information of pixels
positioned in a direction having the greatest correlation val ue detected by
the correlation val ue detecting neans. According to still another
aspect of the present invention there a4s provided an interpolation nethod
for executing an interpolation according to sanple information froma
plurality pbsptkems positioned in the viéinity of a reference sanple
position within a frame_co osed b or o] e an
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a correl atinoa dateetidn :haprlmgathe yerea te@tpleerrai ot en i el uen dg tegded.cal
direction, a correlation value of a plurality of sanple information in a
hori zont al direction, and a correlation value of a plurality of sanple

[ nformtlowﬁwwm ng to sanple information from
a pluralit Si ed 1N e vicinity of the reference sanple

4 Fig. 1 explains aliasing caused when using a conventional

low-pass filter or the like.

Fig. 2 is a block diagram of a configuration of an image
pickup apparatus according to a first embodiment of the present
invention.

Fig. 3 shows an arrangement of CCD image sensors of the
aforementioned 1mage pickup apparstus in a form of checkers.

Fig. 4 shows a state when an R-G image data is combined
in an internal memory.

Fig. 6§ shows an arrangement of 1luminance signal
information items of the R-G image data.

Fig. 8 is a flowcﬁart for explanation of an adaptive
interpolation.

Fig. 7 is a flowchart for explanation of an eadaptive
interpolation.

Fig. 8 is a'-f]:..ov(c'i'tart' for explanation of an adaptive
interpolation. o '

Fig. 8 is to be used for explanation of the R and G states
when executing an édaptive interpolation according to the
dispersion degree.

Fig. 10 showé an arrangement of the R-G image and s



posi tion. the interpolation is executed for the reference sanple
position according to a sanple information of pixels positioned in a
direction having the greatest correlation val ue detect ed. BRI EF
DESCRI PTI ON OF THE DRAWINGS Fig. 1 explains aliasing caused when using
a conventional |ow pass filter or the |ike. Fig. 2 is a block diagram
of a configuration of an i mge pickupsapparatus according to a first

enbodi ment of the present invention. Fig. 3 shows an arrangenent of

_ ; ; . ° Fg 3 genent
of chockoribreey; & TEnafl Tk iReed0 ol d B ©Wie COPRERLIA Bishi nea

in an int girpde SEHMY.Y. Fig. 5 shows an arrangenent of | um nance

si gnal information itens of the R-Ginage data. Fig. ais a
flowchart for &iB-ankki 8no¥s anshaipt when 3 riumimsinge cignal YH Rifg.a 7 is
a flowchart, f.or | anation of an_adaptive _ipterpolation. Fig. 8 s
a f1owchart*&¥5T ﬁ%ﬁ%ﬁﬁybﬁ°8p°§ﬁngdggtFeaerap?ﬁterpolaIion.

Fig. 12 is a block diagram showing a configuration of an

image pickup apparatus according to & second embodiment of the
present invention. -

Fig. 13 is a block diagram showing a configuration of an

image pickup apparatus according to a third embodiment of the
present invention.

Fig. 14 is a block diagram showing a configuration of an

image pickup apparatus according to a fourth embodiment of the
present invention.

Fig. 15 is a timing chart for explanation of effective
charge accumulation periods of the CCD image sensors of the
aforementioned pickup apparatus.

Fig. 16 is a block diagram showing a configuration of an
adaptive interpolation section of the aforementioned image
pickup apparatus. =

Fig. 17 is a block diag;am showing & configursetion of an
image compine section of the aforementioned image pickup
apparatus.

Fig. 18A to Fig. 18D show signal level states of an image
datsa.

Fig. 19 is a block diegram showing a configuration of
another image combine section of the aforementioned image
pickup apparatus.



Fig. 9 is to be used for explanation of the R and G states when

executing an adaptive interpolation according to the di spersi on degree.
Fig.. 10 shows an arrangenent of the R-Gimage and a

5 Jlumnance signal Y after executing the interpolation processing.

Fig. 11 shows a state when a |l um nance signal YH of a higher frequency -
conponent i s generated. Fig. 12 is a block diagram show ng a
configuration of an image pickup appakatus according to a second

howi ng- a. cont FF-atiog 68r P46 Tahgon skepeLbnel acisfacrfinn 1A% hi r o
enbodinentdQ{a;he present invention.

Fig. 21 is a block diagram showing a configuration of an
image pickup apparatus according to a sixth embodiment of the
present invention.

Fig. 22 shows a pixel arrangement of the CCD image sensor
of the aforementioned image pickup apparatus.

Fig. 23A and Fig. 23B show an arrangement of the image
dete R and G stored in the adaptive interpolation circuit and
the arrangement of the luminance signal T interpblated.

Fig. 24 explains an adaptive interpolation in the adaptive
interpolation circuit.

Fig. 25A shows a spectrum characteristic of a conventional
image data, and Fig. 28B shows 2 spectrum characteristic of an

image data which has been adaptive-interpolate.

Description will now be directed.fdlembodiments of the
present invention with reference to the attached dfgwings.

An image pickup apparatus according to a first embodiment
of the present invention is a single-plate type, enabling to
ocbtain a high resolution, for example, by synthesizing & high.
frequency luminence component generated by an interpolation
between pixels for respective signals obtained from a single
CCD (charge coupled device) image sensor.

Fig. 2 shows the image pickup apparatus 10 according to

the first embodiment including: a single-plate CCD image



Fig. 14.is a block diagram show ng a configuration of an inage pickup
apparatus according to a fourth enbodi nent of the present invention.

Fig. 15 is atimng chart for explanation of effective charge accumnul ation
peri ods of the CCD i mage sensors of the aforenmentioned pickup apparat us.
Fig. 18 is a block diagram show ng a configuration of an adaptive

i nterpolation section of the aforementioned i mage pi ckup appar at us.

Fig. 17 is a block diagram show ng a nfiguration of an inmage conbine

section o for nt| d.i |cku appar at us 18A to
Fig. 18D S?I%%Vggl gnalcﬂlng og at esiéﬁ §ﬁw gé‘z'da?a“rrel“?‘?gdwgl

bl ock d|agaﬂplsthAﬂgomufiHﬁgénﬂEﬁdﬁﬂkdﬁ (GHEINGU)ldﬂ%ﬂ%lQoﬁhlnﬁnSﬂ?blon of
t he af orenenti oned i mage pi ckup appar at us.

converter 14; a digital signal processor (DSP) 15; a low pass

filter (LPF) 17; a buffer memory 18; an adaptive interpolation

circuit 19; a high pass filter (HPF) 20; & buffer memory 21;

an adder c¢ircuit 22; and a video encoder 23.
The CCD image sensor 11 is, for example, a progressive

scan type consisting of, for example, checker arrangemeats of

red (R) pixels, green (G) pixels, and blue (B) pixels as shown

in Fig. 3. The CCD image sensor, upon reception of an incident

light from an object, generates color signals R, G, and G
according to the incident light for supply to the CDS/AGC
circuit 13.

The CDS/AGC circuit 13 sampling-holds a precharge level
and a data level for each of the céqu signals and detects
differences so as to detect an accurate signal level for
removing a random noise, and furtheriautomatiéally controls the
gain of the CDS/AGC circuit itself according to the intensity
of the respective signals so ‘as to always output a pickup
signel of a stable gignal level.

The A/D cqh@éiter'li'is designed so as to be driven
according to s samPiing pulse and to convert the respective
color signals from the CDS/AGC circuit 13, into digital signals
for supply to the DSP 15.

The DSP 15 executes a so~called digital signal processing
such as y-correction and knee processing to the respective

color data and supplies the obtained color signals of the three



6 Fig. 20A to Fig. 20D show signal |evel states of an inage data.

Fig. 21 is a block diagramshow ng a configuration of an inage pickup
apparatus according to a sixth enbodi mrent of the present invention.

Fig. 22 shows a pixel arrangenment of the CCD inmage sensor of the

af orenenti oned i mage pi ckup appar at us. Fig. 23A and Fig. 23B show an
arrangenent of the inage data R and G stored in the adaptive interpolation
circuit and the arrangenent of the |unm8nance signal T interpol ated.

Fig. 2% OlHa05 88RERLd Whe RpR' BP! 8 Ofb the! BERPEUAVE | it diidllaRLAL i ON
circuit. Ig. shows a spectrum characteristic of a conventiona
| mage dat agigoud tFil®.. 25B shows a spectrum characteristic of an inmage data

whi ch has been adaptive-i nterpol at e. DETAI LED DECRI PTI ON QF EEEF RRED
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resent in | { t o tg t agh d ' | mage
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by synthesizing a high

memory 18 é% the adder circuit 22.

On the other hand, the adaptive interpolation circuit 189
calculates.a local pixel correlation from the color signals R
and @ and executes interpolation with a pixel which maximizes
the correlation so as to obtain a luminance signal of a high
resolution.

Here, the adaptive interpolation circuit 19 is supplied
with color signal R, G, and B which have been subjected to a
white balance adjustment in the DSP 1§ so that, as shown in
Fig. 4, an R image and a G image are cgmbined. Because the
color signal R and the color sign;LfG_have begn adjusted in the
white balance adjustment to hﬁve'aﬁ almost identical signal
level, if an attention is paid on the information of the
luminance signal Y of the color signals R and G, in the
vicinity of 3 x 3 surrounded by a dotted line in Fig. 4, it can
be assumed that the luminance signaié Yl to YO are arranged as
shown in Fig. 5. L o

The correlation S can be defined for e pixel string Yn of
a particular direction es follows. '

S = min(¥Yn)/max(¥Yn)

Note that § s 1 and the maximum correletion is obtained when
o= 1. '



frequency | um nance conponent generated by an interpolation
for respective signals obtained froma single CCD (charge
| mage sensor. Fig. 2 shows the inmge pickup apparatus
the first enbodi ment including: a single-plate CCD i mage

7 sensor 11 driven by a CCD driver 12; a correl ated doubl e
sanpling/automatic gain contro

menory 18; an adaptive interpolation

bet ween pi xel s
coupl ed devi ce)
10 according to

(CDS/AGC) circuit 13; an AAD converter 14;
a digital signal processor (DSP) 16; aglow pass filter (LPF) 17,

a buffer

circuit 19; a high pass filter (HPF)

20; a buffer reEhe 2drrekatitodds calculdtekD foaxneach difdadpecnedtitsal.

The CCD i mage sensor 11 is, for exa

| e, i) ty i sti
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and bl ue

6BLcRLE8! $n28 §DP¥tion which maximizes the correlation, the
signal will not be subjected to the LPF in a direction which

orthogonally intersects the interpolation direction and

accordingly, the resolution in the orthogonal direction will

no be deteriorated. In other words, the resolution can be

improved by executing interpolation according to the
correlation.

For executing such an interpolation, the adaptive
interpolation circuit 19 executes steps of Fig. 8,
with step Si.

starting

In step S1, the adaptive interpolation circuit 19 fetches
only the color signals R and G_into an internal memory 18a so
as to obtain the R-G image of Fig. 4, and control is passed to
step S2.

In step S2, & pointer is set at the initial image
interpoclation point and control is passed to step S3.

In step 83, the adaptive interpolation ecircuit 19
calculates a-éqrrelation a of the Jertical direction. Here,
the vertical correlation & is calculated saccording to an
equation as follows. o

& = min (Yn)/max (Yn)

min (Yn) = min (Y1, Y4, Y7) - min (Y2, Y8) : min (Y3, Y8,
Y9)

mex (Yn) = max (Y1, Y4, Y7) - max (Y2, Y8) - max (Y3, Y6,
Y9)



in Fig. 3. The CCD i nmage sensor, upon reception of an incident [light from
an object, generates color signals R G and G according to the incident
light for supply to the CDS/AGC circuit 13. The CDS/ AGC circuit 13
sanpling-holds a precharge | evel and a data | evel for each of the color
signals and detects differences so as to detect an accurate signal |evel
for renmoving a random noi se, and further automatically controls the gain of
the CDS/AGC circuit itself according to the intensity of the respective
signals so as to always output a pickdf signal of a stable signal |evel.
The A/ D conver fIle j1adart ks gpteirewlatsiany ¢eretitvehd substditngeso the
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y-correction and knee processing to the respective color data and supplies
t he obt ai n®4#l. col or signals of the three"

In step 84, the adaptive interpolation circuit 18
calculates the horizontal correlation “b" -according to an
equation as follows, and control is passed to step S5.

b = min (Yn)/max (Yn)

min (Yn) min (Y1, Y2, ¥3) : min (Y4, ¥5) - min (Y7, Y8,

Y9)

max (Yn)

max (Y1, Y2, Y3) - max (Y4, Y5) ' max (Y7, Y8,
Y9)

In step 85, the adaptive interpclation circuit 19, for
comparison of the vertical correlation to the horizontal
correlation, detects whether the value X is greater than the
correlation b. If X is greater, cgnf;ollis passed to step S7,
and if X is not gfeater.:control is passed to step S8.

In step S6, the sadaptive interpolation circuit 18
substitutes the correlation b for the variable X end sets =
flag for B, passing control to step §7.

In step 57, the adaptive interpolation circuit calculates
a2 correlation “"c" in the direction comnecting the upper left
to the lower right, (which will be referred to as a first
disgonal direction) according to an equation as follows, and
control is passed to‘steﬁ s8. '

¢ = min (Yn)/max (Yn)

min (Yn) = min (Y2, Y8) - min (Y4, YB)



8 primary colors to the LPF 17 and to the adaptive interpolation circuit
19. The LPF 17 cuts off higher frequency conponents of the respective
color signals R G and B and supplies color data RL, Gl, and BL of | ow
frequency conponents through the buffer nenory 18 to the adder circuit 22.
On the other hand, the adaptive interpolation circuit 19 calculates a

| ocal pixel correlation fromthe color signals R and G and executes

i nterpolation with a pixel which naxiqbﬁes the correlation so as to obtain
a lum nance signal of a high resoluti Here, the adaptive

i nt er pol at | on iy’ Q¥inl) LOmsk $¥BP! ¥EY - Wakh(gel ovepignal R G and B whi ch
have been subjected to a white balance adjustnent in the DSP 15 so that,

as shown in Hngstep 88, Rthwmm&eaimtérmgbtam comioubédl9 Bietests t he
col or si R and the cplo gnal _G have een usted in th ite
bal ance gﬁ?ﬁ%?%%ngh?ovﬁﬁb%bgﬁsglhisFr?%ﬁﬁﬁl fh#wﬂ 1§81 f# gﬁ
attenti onyys; el 00 st BRchbEP A *MeOlalili® ¢, Iwﬂtrmcqss gqaedeseépt he

color signals Rand G inthe wvicinity of 3 x 3 surrounded by a dotted
line in FBY0 shown ipafig.b?, asndinkd thisavarheblei nangw tsiggyeakerYthen Y9 are
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In step 88, the =adaptive interpolation circuit 19
substitutes the value of the correlation ¢ for the variable X
and set a flag for C, passing control to step S10.

In step 810, the sadaptive interpolation circuit 18
calculates a correlation fd" of the direction connecting the
lower left to the upper right (which will be referred to as a
second diagonal direction) according to an equation as follows
and passes control to step Sll.

d = min (Yn)/max (Yn)

min (Yn) = min (Y2, Y4) . min (Y6, Y8)

max (Yn) = max (Y2, Y4) . max (Y6, Y8)

In step S11, the adaptivé interpolﬁtion circuit 19 detects
whether the correlation is greater than the variable X. If the
varisble X is greater, control is passed to step S13, and 1if
X is not greater, control is passed to step S12.

In step.S12, the adaptive interpolation circuits 19
substitutes the correlation d for the vari{able X and sets the
flag to D, passing control t; step 13.

In step 813, the adeptive interpolation circuit 18
determines whether the flag set for the variable X is A. If

the flag is A, interpolation of the vertical direction {is



S = mn(Yn)/ max(Yn)
obt ai ned when
correlation is calculated for each of the vertical, horizontal, and
inclined directions, and interpolation is executed in a direction which
maxi m zes the correlation, the signal will not be subjected to the LPF in
a direction which orthogonally intersects the interpolation direction and
accordingly, the resolution in the ortl®ogonal direction will no be

deteriorated. In other words, the resolution can be inproved by executing
i nt er pol at e¥acukesdriditey Sbd4) mendcdir that fbag is not Korcantgwlt iiagrasedd an

I nterpolatiogn,t apt,_ve i rpgl ati on circuit, 19 executes, steps of
Fig 6, Stafﬁﬁbep%f{. SEIé\pséip Eig. &e adaptive mterpo?a% Pt

ion clrcu
19 calculates an average of the luminance signals Y in the

Note that S s 1 and the maxi numcorrelation is
9 If the

vertical direction for Y5 such as (Y2 + YB8)/2 and executes
interpolation of the vertical direction.

in step S15, the adaptive interpolation circuit 18 detects

whether the flag is B. If the flag is B, interpolation of the

horizontal direction is executed (step S18), and if the flag
is not B, control 1s passed to step 817. in step S16, the
adaptive interpolation circuit 19 calculates an average of
luminance signalé in the horizontal direction for Y5 such as
(Y4 + Y6)/2 and executes interpolation of the horizontal
direction.

In step 817, the adaptive interpolation circuit 19 detects
whether the flag is C. 1If the flag is C, iﬁterpolation of the
first diagonal dire;tién is'éieEQtéd (sﬁep.S18) and if the flag
is not C, control is passed to step $18. In step 18, the
adaptive interpolation circuit 18 calculates an average of the
luminance signals Y of the f£irst diagonal direction for Y5 such
as (YL + Yai/i and executes the interpolation of this diagonal
direction. | ,

In step S18, the adaptive interpoletion circuit 18 detects
whether the flag is7D. - Tfffhé flag is found to be D,
interpolation of thexsgcond_diagdnal directioﬁ is executed
(step S20), and if the flag is'Adt D, control is passed to step
S21. In step S20, the adaptive interpolation circuit 19

calculates an average of the luminance signals Y of the second



In step.- S1, the adaptive interpolation circuit 19 fetches
signals Rand Ginto an internal nenory 19a so
of Fig. 4, and control is passed to step 82.

is set at the initial inmge interpolation point and control is passed to
step S3. In step S3, the adaptive interpolation circuit 19
calculates a correlation a of the vertical direction. Here, the vertical
correlation a is cal cul ated accordlng 50 an equation as follows. a =

mn (Yn)/ max (Yn) mn (Yn)= (Y1, YQ mn (Y2, Y8) Mn(mr
Y6,  Y9ydiagonal girectdorn: famxYy wuchmas Y’r)’3 T0¥2, oygh expputeds, Y6,
zﬁacuit jﬁ9%§ﬂ§§ﬁa§dfgs°fhthis diagonal dirégllon The adaptive interpol ation

In step S21,

only the col or
as to obtain the R-G inage

In step S2, a pointer

the adaptive interpolation circuit 19 sets
a pointer at a following image interpolation point and passes
control to step 822.

In step S22, the adaptive interpolation circuit 19 detects
whether the pointer has been set at the 1last image
interpolation point. If the pointer is found to be set at the
last image interpolation point, the interpolation is
terminated. If the pointer is not set at the last image
interpolation point, control is returned to step S3 so as to
execute the image interpolation of step S3 and after.

As has thus far been described, the adaptive interpolation
circuit 19 can represent the adaptive interpolation as follows:
Y6 = a¥l + bY2 + c¥3 + d¥4 + eY¥6 + £Y7 + g¥8 + hY9,
so as to obtain the correlation of the surrounding pixels and
set a to h, thus ensbling to execute the optimal adaptive
interpolation. It should be noted thet instead of the
correlation, it 1is possible to calculate according to

similarities between the pixels. |

Here, in step S18 and step 520, a subroutine shown in Fig.
8 is executed.

In step 831, the adaptive interpolation circult 18
calculates a dispersion degree ¢ of the color signal R in the
vicinity of the pointer. '

A dispersion degree o of the same color indicates a

dispersion of a difference from the average value in a local



calculated "a" for a variable X and sets A for a flag corresponding
to this variable X Control is passed to step $4. In step $S4, the
adaptive interpolation circuit 19 cal culates the horizontal correlation "b"
according to an equation as follows, and control is passed to step S5.

b =mn (Yn)/max (Yn) mn (Yn) = mn (YL Y2, Y3) mn (Y4, Y5 mn
(Y7, Y8, Y9 max (Yn) = max (Y1, Y2, Y3) max (Y4, Y5) max (Y7, Y8,
Y9) In step S5, the adaptive intgrpolation circuit 19, for conparison

of the vertical correlation to the horizontal correlation, detects whether
the val ue XiFéngt&at eFornaxampke cobf ethe i disperyion degrgecgt &6, smabisol is

dt L Xel t [ . | dt t S8.
' step SooeheosasaRRiehp o8 pank IS Mne TG an) P i OholER

correl ati odibetotohbe avdr ired| effe@idoselthed ddapefve Bntoassidggpnisol to
step S7. In step S7, the adaptive interpolation circuit calculates a

correl ati ofPteined. ¢ fhadi dsct ibrPRcdaneselhg thdsuspéfictent ta exeatbover
right (whi ¢ReW Jdadit vef SREEMS LB bE" She vertical and horizontal

directions for the color signal G without using the color
signal R. .

Here, if the dispersion degree o is defined as follows:

6 color = min (all the pixels the color)/mex (all the
pixels of the color),
then the case of Fig., 9 is expressed as follows:

oR = min (Rl, R2; R3, R4)/mex (Rl, R2, RS, R4).

In step .832, the adaptive interpolation circuit 19
detects whether the dispersion degree o is greater than a
predetermined value, ';f thg dispers;on.qégrée is greater than
the predetermined value, qohq:olﬁ;s pgssegupé step 833, and if
not greater, contro; is pessed to .step sa4fi

In step 853. the adaptive interpolation circuit 19
executes interpolation of the diagonal directions as follows.
If a processing from'step S18 is executed, interpolation of the
first diagonal direction is executed: If a processing from
step S20 is executed, ihtérpoiation.of the second diegonal
direction is executed, ﬁefmiha;ing‘ﬁheJéﬁQEQutiné;

On the other hand, if in step S32, the'ﬁispersion degree
o is found not greatér than_tﬁé pfédetermined value, control
is passed to step S34 where the adaptive interpolation circuit

18 executes an interpolation in the vertieal direction having



di agonal direction) according to an equation as follows, and control is

passed to step S8. c =mn (Yn)/max (Yn) mn (Yn) = mn (Y2,
Y8): mn (Y4, Y8) max (Yn) = max (Y2, Y6) max (Y4, Y8)
In step S8, the adaptive interpolation circuit 19 detects whether the

variable X is greater than the value c. If the variable X is greater than
the value c, control is passed step S10 shown in Fig. 7, and if the
variable X is not greater than the valjge c, control is passed to step S9.
In step S9, the adaptive interpolation circuit 19 substitutes the value of
the corr ettt |qmrelaenonh“ Veralamle tkdabe stp &3f bagihoth€, hoakadnkp lcont roI

to step S10 SlO adapt,] ve lation cuit

cal cul ate 1%1e%tb‘r°r’élléw °fﬁ%{1%ﬁ'jr°&t ﬁbn %%%%“rb&cﬁe‘l% PheSt %'{1 ef t to

the uppery¢ighis (g\alelafearwthhnbs refPéFrered P Ak edpe2a®idndiiggeraéutiid ection)

according to an equation as follows and passes control to step S11. d

= mn (Yndndaif( ¥n)is smajier(vhpn=1tyi re (yorizemtal nint¢ypolamgon is
executed, terminating the subroutine.

That is, in the adaptive interpolation circuit 18, when
the dispersion degree ¢ is great, interpolation of a diagonal
direction {s executed, and when the dispersion degrees ¢ is
small, correlation of the color iR) is almost identical in any
of the directions and the effect of the adaptive interpolation
is not so great, which leads to interpolation of the vertical
or the horizontal direction of only G which has the highest
frequency without using R. In other words, when the dispersion
degree ¢ is small, in order to eliminate a slight difference
between the adaptive interpolation of different levels of R and
G of a color image, the interpolation is executed only with G
having fthe highest frequency and the highest level, thus
enabling to obtain an image of a. hlgher resolution

When the luminance signal Y is interpolated by the
processing as described above, the adaptive interpolation
circuit 19 supplies the HPF 20 with the luminance signeal Y and
the coler signale R and G shown in Fig. 10.

The HPF 20 cuts off a lower frequency component from the
luminance signal obtained by the adaptive interpolation eircuit
19, so as to create & luminance signal YH of a higher frequency
component as shown in Fig. 11 and supplies this higher

frequency luminance signal YH via the buffer memory 21 to the



max (Yn) = max (Y2, Y4) max (Y6, Y8) In step S11, the adaptive

I nterpolation circuit 19 detects whether the correlation is greater than
the-variable X. If the wvariable X is greater, control is passed to step
S13, and if X is not greater, control is passed to step S12. In
step S12, the adaptive interpolation circuits 19 substitutes the
correlation d for the variable X and sets the flag to D, passing control

to step 13. In step S13, the adaptive interpolation circuit 19
determ nes whether the flag set for thesvariable Xis A If the flag is A
i nterpol at i oddedf diveuwsartzizcal direction is

12 executed (step Sl%éﬁand i f the flag is _not A confrol I s passed to step
S15. In step S14b& K&988dpt FYBCRAE erddl RIMNES cRe  1owen| dFeRUSHcHn

B (Vo + vel PR R RL Ok v ERSor (a9, REL [ BEG ' Bl o T

in step S15thé heligidapifirequenterquipdhnienn Cumindricel $ighB@CYH and outputs
color signals R, G, and B of a high resolution. Moreover, the
video encoder 23 encodes the color signals R, G, and B of a
high resolution generated in the adder circuit 22, into a video

signal of, for example NTSC (National Television System

Committee) type for supply to an external monitor apparatus (no
depicted).

As has been described sbove, in the image pickup apparatus
10 according to the present embodiment, by executing the
adaptive interpolation of the R and G pixels from the color
filter arrangement, it is possible to improve a resolution not
only in the verticel and the horizontal direction but also in
the diagonal directions. Moreover, because the apparatus is
a single-plate type, the apparatus of a compact size is
available at & low price and nonatheless it is possible to
obtain a high resolution which is equivaient to that of the
3CCD type without using & separate mechenism such as a pixel
shift mechanism. _Fgfthermo:é, in'the Qmage pickup apparatus
10 which enables.ga 65t§£n'a-hiéh resolu%ion without using a

pixel shift mechanism or the like, it is possible to employ an

electronic shutter. The image pickup apparatus 10 uses the CCD

image sensor 11 of progressive scan type and accordingly, it
is possible to obtain & non-interlace 1image which is

appropriate for & personal computer monitor apparatus and the



whet her. the flag is B. If the flag is B, interpolation of the horizontal
direction is executed (step S16), and if the flag is not B, control is
passed to step S17. in step S16, the adaptive interpolation circuit 19
cal cul ates an average of |um nance signals in the horizontal direction for
Y6 such as (Y4 + Y6)/2 and executes interpolation of the horizontal

di rection. In step S17, the adaptive interpolation circuit 19 detects
whet her the flag is C If the flag i¥7C, interpolation of the first

di agonal direction is executed (step S18) and if the flag is not C,
control ikijassed to step S19. In step 18, the adaptive interpolation
circuit 19 calcul ates an average of the |um nance signals Y of the first
di agonal direction for Y5 such as (Y1 + Y9)/2 and executes the

i nterpol ation gfsdhigh iHrPqANal nodl RCldiGReted to hnsébeﬁdséﬁboabﬂeﬁgaptlVe
interpolation circurt 19 detects whet her the flag is D. the flag is

found to be Phe piresenpoliaventiod. tkﬁp%ecﬁnd:duégomahcdumscasonnlShexecuted

first embodiment will be denoted with the same symbols and

their explanation will be omitted. The same applies to the

other embodiments which will be described later.
Fig. 12 is a block diagram of an image pickup apparatus
30 according to the second embodiment consisting of an image

pickup block 30A and a computer block 30B. Color signals R,

B, and B obtained in the image pickup block 30A are subjected
to the adaptive interpolation by a software of the computer
block 30B.

The image pickup block 30A, as shown in Fig. 12 for
example, includes: a CCD image sensor 1l1; a CCD driver 12 for
driving the CCD image sensor 11; a cbsxAGc circuit 13 for
executing a correlated double sampling and gain control to the
respective color signals from the CCD image sensor; an A/D
converter 14 for digitizing the respective color signals from
the CDS/AGC ciécuit 13; a DSP 15 for executing a digital signal
processing to tﬁe digitized color signals from the A/D

converter; and & video encoder 23 for converting the c¢olor

signals from the DSP 15, into video signals. These circuits

have the same functions as in the first embodiment.
Moreover, the image pickup block 30A is provided with a
simplified interpolation circuit 31 for executing a simplified

interpolation to the respective signals from the DSP 16 and e



(step S20), and if the flag is not D, control
step S20,

of the lum nance signals Y of the second

the adaptive interpolation circuit 19

13 diagonal direction for Y5 such as (Y3 + Y7)/2 and executes

I nterpol ation of this diagonal direction. In step S21,
interpolation circuit 19 sets
poi nt and passes control to step S22. 18 In step 822

interpolation circuit 19 detects whether the painter
| ast i mageP$H Wb

the adapti ve

is not set at the I mage interpolation pornt, control is
returned tbostepaﬁSmsbtangtbhexeombe shenahagﬁrbthMpOMSﬁ(ﬂi;ﬁtsttnaSB and

after.

As has thus far been described, the adaptive |nterpolat|on

computer block 30B so that interpolated color signals are
outputted. The image pickup block 30A is arranged so as to
transmit the respective color signals via a bi-directional bus
33 to the computer block 30B and receive a control signal from
the computer block 30B.

On the other hand, the computer block 30B includes: a
personal computer (PC) interface 34 which is preferable for use
in a personal computer and in which respective color signals
are transmitted via a bi-directional bus 33; a hard disk drive
(HDD) memory 35 for storing & program and the like; an LPF 17
for cocutting off a higher frequency component from +the
respective color signals from the PC interface 34; a buffer
memory 18 for storing the respective color signals from the LPF
17; an adsptive interpolation circuit 19 for executing the

adsptive interpolation to the respective color signals from the

PC interface 34; a HPF 20 for cutting off a lower frequency

component from the respective eolor signals from the adaptive
interpolation ecircuit 19; a buffer memory 21 for storing a
luminance signal YH from the HPF 20; an adder eircuit 22 for
adding the signals from the buffer memory 18 end the buffer
memory 21; and an accelerator 38 for outputting to a monitor
50 the respective color signals from the adder circuit 22.

In the image pickup apparatus 30 having the aforementioned

configuration, the CCD image sensor 11 generates color signels

I s passed to step S21.

t he "adaptive
a pointer at a follow ng i nmage interpol ation

en set at_the

| SPMRHE i HRtenkace, hapaingd Yol i 4 d”t’& bé"°séts HC t he
Lgls; t 'egagemmﬁm )at3'20@090b§£eu€ﬂ?g 'J‘tﬁa%t%tz‘nﬁ%e'ds sighbt n@&ﬁ@ersién the

In

cal cul ates an average



circuit-19 can represent the adaptive interpolation as foll ows: Y6
aYl + bY2 + cY3 + dY4 + eY6 + fY7 + gY8 + hY9, so as to obtain the
correlation of the surroundi ng pixels and set ato h, thus enabling to
execute the optinal adaptive interpolation. It should be noted that
instead of the correlation, it is possible to cal culate according to
simlarities between the pixels. 1 Here, in step S18 and step S20, a
subroutine shown in Fig. 8 is executea. In step S31, the adaptive
i nterpolation circuit 19 cal cul ates a di spersion degree a of the col or
signal R ifr the 388 & Hi5 s3PPlie toitheePSP 15 viaAthg sGRYMAAH cdagndd a of
t he sane ;lo_i 8%:%1+ nqhgatﬁﬁ aconv%'x%peff,' onA%f o%tdp'\ftf e{r%r}ncetlt% \%r%ﬁg E&Fav,er age

value in y.25For

exanpl e, idorvertidpitd ah vikwoe ilgaarl] viyS thebkideot &ec 60 F e!aatairfwsiff that
color are identical in any of the directions and no effect of the adaptive
i nt er pol at9WPYtEesht abhed2 THARS i s(vided err pRr$S, snavhe)it siignadf fioxd ent to

eXecUl®  juminance/color difference signal Y/C.

Moreover, the output
of the DSP 15 is subjected to a simplified interpolation in the

simplified interpolation circuit 31 and outputted as a color
signal or transmitted via the PC interface 32 to the computer
block 30B.

In the computer block 30B, the PC interface 34 supplies

the respective color signals to the adaptive interpolation

circuit 19 and to the LPF 17. The LPF 17 removes & higher

frequency component from the respective color signals and
supplies the color signals vis the buffer memory 18 to the
adder circuit 22.

The adaptive interpolation circuit 18 executes sn adaptive
interpolation by carrying out the aforementioned steps Sl to
S22 and steps 831 to 834, and supplies the HPF 20 with a
luminance signal Y and respéctive color signals R, G, and B

shown in Fig. 10. The HPF 20 removes a lower frequency

component from the luminance signal Y and the respective color
signals and supplies the obtained luminance signal YH of higher
frequency vie the buffer memory zi to the adder circuit 22.
The adder_ci;cuit 22 adds the luminance signal Y of the
higher frequéncy fo the respective color signals RL, GL, and
BL from the buffer memory 18 and supplies the generated color

signals R, G, and B of a high resolution via the accelerstor



the adaptive interpolation of the vertical and horizontal directions
for the color signal Gwthout using the color signal R Here, if

t he-di spersion degree [err] is defined as follows: a color = mn (al

the pixels the color)/max (all the pixels of the color), then the case of
Fig. 9 is expressed as follows: [err]R=mn (Rl, R2, R3, R4)/max (R1,
R2, R3, R4). In step .S32, the daptive interpolation circuit 19
detects whet her the di spersion degree ?err] is greater than a

predeterniggdty ﬁg&hggigg}esgispersion degree is greater than the
predet er mi hed value, control i's passed to step S33, and if not greater,

control is pas¥y hasstusS3flar beenl eskrdmed$33in the ianget i yvickup
interpolation circuit 19 executes interpolation of the diagonal

di recti ons8BBATRIYHWY. 3eLozdpngckasthyy TR EARodiBens ek urdeptive
;pgﬁ{pgl2;&%389%03Q€1£hr%% d%gg@@@% dﬁﬁﬁca'%ﬁfﬁﬁagéecﬁ%e he | e?sgégfe55|ng

S “execut ed, erpol at1'on of the seco I'agoha rection
i s execut edompatetr Nawhiich t fieatsley Quwt irtduce theOgikbeanghweipntdofithén step
S32, the dispersion degree [err] is found not greater than the

predet er mi AB@EGalRACKUTONRLRRK | §$4’9a§§ed~'€k1d- stepte3rapisee the safpvave
|nterpol ot L AR Heb b2 184 EHEtndBe! BUELAR' 8LO8R 5Bl NeMSBLLLER! by
executing the adaptive interpolation for the R and G pixels
from the color filter arrangement, it is possible to improve
the resolution not only in the vertical and the horizontal
directions but also in diagonal directions. Furthermore, the
aforementioned image pickup apparatus 30 which uses & single
CCD is available at a reasonable price in a compact size and
simultaneously with this, enables to obtain & high resolution
and employ an electronic shutter. Moreover, because the image
pickup apparatus 30 employs the CCD image sensor 11 of
progressive scan type, it is possible to obtain 2 non-interlace

image which is preferable for a personal computer monitor or
the like.

Description will now be directed to a third embodiment of
the present invention.

An image pickup apparatus 60 according to the third
embodiment ié préferabie for use in a still image camera, As
shown in Fig. 13, the image pickup apparatus 80 operates only
for the moment of pickup of main circuits in an image pickup

block 60A which can be preferably used in a camera head unit



15 the-correlation "a" calculated in step S3 or in the horizontal direction
havi ng the correlation "b" calculated in step S4. If ais greater than b, a
vertical interpolation is executed, and if ais smaller than b, a

hori zontal interpolation is executed, term nating the subroutine.

That is, in the adaptive interpolation circuit 19, when the dispersion
degree [err] is great, interpolation,qf a diagonal direction is executed,
and when the dispersion degrees ois small, correlation of the color (R) is
al nost gentlcal in any of the djirections and the effect of the adaptive

i nt er pol 28R FRA b “:ﬂ?"gliéat‘ Wikt dipdee ¥Hent BO i MU0 FEAMEAY of s thpddeser t i cal

or the hafdegoR! BondltE! bRORT oM Yerkud N, a{}ngascnteh%ﬂ 9Rg3! fiLggyency

wi t hout using R In other words, When ersion egree a T8 smil, in

order to eI|nnsasaoansthMHgdlﬁﬁefemce:bmp%eenth@eimdgptﬁy@kﬁjnﬁqaglation
of different | evels of Rand G of a color inmage, the interpolation is

execut ed &Rt yiRG LY4es hak n‘bcq h@\%ﬁ@msw e]q’u-erﬂnp%dc’é?@ gl%tfﬂevelh
h | ut t
| it nance 148kt S U kB30 b EBED oBlinTe] SUNG 1E0 B! lbcotave IRy

above, tdigmalaptivem thY €qIOl1aige@n seQisrofi'Ulltl 19nsuppl eegchbe thE £0rwi th
the | um nance signal Y and the color S|gnals R and G shown in Fig. 10.

The HPF XPntned 1dng & galw off tagquerepechinsoredrri s bamale framirheadde signal
obt ai ned Pi’rénpft aqa.ﬂxt.' vgn Nt p(al at%gn Circui.t

T Temoving a higher frequency

component from the respective color signals from the AGC
circuit 13b; an A/D converter 14 for digitizing the respective
color signals from the LPF 681; a personal computer interface
32 for executing 2z predetermined signal conversion on the
respective color signals from the A/D converter; a timing
generator 62 for generating a read-out pulse and the like for
driving the CCD image sensor 11; an iris control circuit 62;
and a lens block 64 for adjusting the iris according to the
iris control circuit 63. )

The CCD image sensor 11 is supplied with an electronic
shutter pulse from the timing generator 62 so as to control an
effective charge accumulation periﬁd (electronic shutter
cycle). Here, there is no problem if the electronic shutter
cycle {s set to e period of a single frame or several frames
for still image pickup. The timing generator 62 supplies the
CCD image sensor il with a clock at a low frequency.

The PC interface 32 turns on functions of main circuits
according to a pickup mode request from the computer bloek 60B

and turns off the functions of the main circuits excluding the



19, so-as

as shown in Fig. 11 and supplies this higher
via the buffer nenory 21 to the
adder circuit 22.

frequency

and B of a high resolution. Mreover,23he video encoder

color sig

depi ct ed) .
10 accordi

to create a |lum nance signal YH of a higher frequency

The adder circuit 22 conbines the |ower frequency
conponents of the respective color signals RL, G, and BL with the higher

16

conponent | um nance signal YH and outputs color signals R G

s R and B

As has been descri bed above, ]
sppauwntienpiaséhe wabddredet  thys sestine edechsic energy.

The computer block 60B includes: a personal computer
interface 34; an HDD memory for storing programs and the like;
a signal processing circuit 85 for executing a predetermined
signal processing on the respective color signals from the
personal computer interface 34; an LPF 17 for removing a higher
frequency components from the respective color signals from the
signal processing c¢ircuit 85; a buffer memory 18 for storing
the respective color signals from the LPF 17;

an adaptive
interpolation circuit 19 for executing

an adaptive
interpolatién for the respective color signals from the
personal computer interface 34; a HPF 20 for removing a lower
frequency component from the respective color signals from the
adaptive interpolation circuit 18; a buffer.memory 21 for
storing the respective color signals from the HPF 20; an adder
circuit 22 for adding the signaIS'ftgh the buffer memory 18 and
the buffef‘memory 2l1; an accele;étor 38 for outputting to a
monitor 50 the respective color signals from the adder circuit

22; and a power source circuit 66 for supplying power to the

imege pickup block 60A.

Mode switching of the imééé pickup block 60A is carried
out through keyboardf.operation while the camers control
software in the computer block 60B is operating. That is, the
electronic shutter control, iris control end wait mode control

provided in the image pickup block 80A are carried out by the

23 encodes the
f a i resql ution rat in the adder
circuit 22,7 i nf%te?{ﬁcaeeo g?gn&lccgf,g%& &?arrpef e \%ﬁgﬁ (@?Fonéﬁ‘ﬂ*&ﬁ Vi si on
Syst em Corgirideqlenitips fete SHRREY Pl ckRipeXdBidial 6 ORNisu@preBBas atpewerno

in the image pi ckup apparat us

conponent
frequency | um nance signha

YH



adaptive interpolation of the Rand G pixels fromthe color filter
arrangenent, it is possible to inprove a resolution not only in the
vertical and the horizontal direction but also in the diagonal directions.
Mor eover, because the apparatus is a single-plate type, the apparatus of a
conpact size is available at a I ow price and nonetheless it is possible to
obtain a high resolution which is equivalent to that of the 3CCD type

wi t hout using a separate mechani smsucjgas a pixel shift mechani sm

Furth th i t h bl t
i oh T eool Conureen BaoRE Rl e 2BBRL Ds Pinthrme At Larornd rkhe ALETEAL | o
possi bl e t g4 @yl %&@s@&ﬁ&té%ﬁ\&eﬁh%t She d¥HddtaTe eas&ynsiaam AkYSm10

uses the CCD I mage sensor 11 of progressive scan type and accorglng Iy, it

i's pOSS|bIeheoimbzalpiakmwﬁblmnkwaQﬁmnnsngﬁquexéeutedamprapklauap&¢Wea
per sonal conputer nDnltor %&?ratus and t

17 like. interpgjatdqn,Gize t|anaﬁﬁbéha|$biﬁ%kiREP%F%%Eﬁh&Iéﬁﬂéalﬁént
" in the computer block 60B.

In the image pickup spparatus 80 having the aforementioned
configuration, when the apparatus is set to the wait mode
according to control form the computer block 60B, the image
pickup block 80A is not supplied with power from the power

source circuit 68 and functions of the main c¢ircuit are

terminated excluding the personal computer interface 32.
When the image pickup block 80A is set to a pickup mode

with power supply from the power source circuit 66, functions

of the main circuits start functioning.

At this moment, for

example, the computer block 80B, according to ianput through

keyboard operation, can adjust.the iris via the PC interface
32 and the iris control ciréuit §3.

Moreover, when the computer block 60B transmits #n.image
pickup request to the imege pickup block 60A, the CCD image
sensor 11 supplies the PC interface 32 through the CDS circuit
132, the AGC circuit 13b and the like with respective color
signals obtaihed for the electronic shutter cycle for a
single-frame period or several-frame period. The PC interface
32 executes a predetermined signeal conversion processing to the
respective color signals, which are then supplied via the
bi-directional bus 33 to the PC interface 34,

In the computer block 80B, the signal processing circuit



of the .present invention. Note that |ike circuits as in the

first
enbodi nent will be denoted with the sane synbols and their explanation
will be omtted. The sane applies to the other enbodi nents which w Il be
described | ater. Fig.

12 is a block diagram of an image pickup
apparatus 30 according to the second embodi ment consisting of an inmage

pi ckup bl ock 30A and a conputer block 30B. Color signals R, B, and B
obtained in the imge pickup bl ock 30&4are subjected to the adaptive

i nter pol atjon o] th I 3

pi ckup bl ii ?ﬁyﬁﬁgg gﬁg\aél i Si‘ﬁgﬂ)ﬁr‘%ese%}a%%n Q?‘rzltcll ?Jﬁeth h°e° | mage
sensor 11; sggh&Ys df roR" the i=or int@rifdicad atmearﬁc&mmssefmroﬂﬂanee@S/ AGC
circuit 13 for executing a correl ated double sanpling and gain control

the respeelPyesisndissyimathe hRFmlih&acdbe ﬁ@@@rséﬁ§sﬂitagzﬁﬁi)we 11 to
Cirout 1338, T U1 { BAERLYR (1A SAPALARR st PV piBccositigm oftbe
digitized ¢pbpéctiw@dlodok’ 81%hd¥s #,06, and B from the signal processing

circuit 65, the adaptive interpolation circuit 12 generates a

luminance signal Y of a high resolution, which is supplied via

the HPF 22 to the adder circuit 22. The adder circuit 22

combines the respective color signals RL, GL, and BL with the

luminance signal YH of a high resolution for output. Thus,

color signals R, G, and B of 8 high resolution are generated

for supply via the accelerator 38 to the mqnitor 50.

As has thus far been -described, the image pickup apparatus

60 according to the third embodiméntlpperatés the image pickup

block 80A only during ‘& pickup operation and terminate

functions of the main circuits in.thé pickuﬁ block 60A when in

the wait mode, thus enabling to save'electrié power. Moreover,
the image pickup apparatus 60 executes not;only the adaptive
interpolation but also digital signal processing ‘such as knee
v-correction by way “of the scftware processing in the computer
block 60B and eccordingly, the. image pigkup block 80A can be

reduced in size and weight and need not be replaced when the

aforementioned software is revised. Furthermore, by executing

the adaptive interpolation with the R and @ pixels from the
color filter arrangement._it {s possible to improve resolution
in al the directions not only in the vertical and the

horizontal directions but also in diagonal directions. The



converter; and a video encoder 23 for converting the col or
the DSP 15. into video signals. These circuits
in the first enbodi nent. Mor eover,

provided with a sinplified interpolation circuit 31 for executing a
simplified interpol ation to the respective signals fromthe DSP 15 and a
18 personal conputer interface (hereinafter, referred to as PC interface)
32 for executing a predetern ned signhabsconversion for transmtting the
color signpals.fromthe DSP 15 .to the conput bl ock,30B so, t hat

i nt er pol a?‘gaf‘ﬁ%?’b{q%'f% meeg, Rickhn, ARparat e&{ fy @ FAERLS AT Y468 i s
arranged gfdasadddrdimyY taddfl dErdest i ¥e lsdnadleNY N cd %t in o

bi -directional bus 33 to the conputer block 30B and receive a control

si gnal fr&empRAet cohPrIt candlanzdl3EBto obtailnat héght hesohatihn tWicthomtput er
bl ock 30B iqcludes; a .. .
using a pixel shift mechanism or the like.

signals from
have the sanme functions as
t he i mage pickup bl ock 30A is

Description will now be directed to an image pickup

apparatus according to a fourth embodiment. The image pickup

apparatus according to the fourth embodiment enlarges the
dynamic range using two pickup elements, enabling to obtajin an
image of a high resolution.

Fig. 4 1is a block diagram showing an example of
configuration of the image pickup apparstus 80 according to the
fourth embodiment including: a pickup lens 81 for focusing @
pickup light; an optical filter 82 for color isolation of the
pickup light; a half mirror block 83; CCD image sensors 84 and
88 into which the pickup light is introduced vie the half
mirror block 83; an adaptive interpolation section 85 for
executing an adaptive interpolation to a pixel signal from the
CCD image sensor 84; an adaptive interpolation section 87 for
executing an adaptive interpolation to a pixel signal from the
CCD 1image sensor 86; &an image combine section 88 for

synthesizing color signals from the adaptive interpolation

sections 85 and 87; a video encoder 89 for converting the

respective color signals which have been combined in the image

combine section 88, into predetermined video signals; end a

system controller 80 for controlling the entire epparatus.

Here, the CCD image sensors 84 and 86 are, for example,



personal conputer (PC) interface 34 which is preferable for use in a
personal conputer and in which respective color signals are transmtted via
a bi-directional bus 33; a hard disk drive (HDD) nenory 35 for storing a
program and the |ike; an LPF 17 for cutting off a higher frequency
conponent fromthe respective color signals fromthe PC interface 34; a
buffer nmenory 18 for storing the respective color signals fromthe LPF 17,
an adaptive interpolation circuit 19 for executing the adaptive

i nterpolation to the respective col or 28 gnal s fromthe PC interface 34; a
HPF 20 forofcihe RFETesS ivenscan dypendp sbisbndsd PigmlshdRiesgeeenve

col or si |.s. f t h d Ve .l r ajion_circuit 19 a huffer . penor
20 for st dimed % W walc ey RekSLE FROH IR o fisddively sfadhee it 2>
for addi ncHdtkedr Fralangementt Be PwédEridemmy.y 318 and the buffer nenory 21;

and an accelerator 36 for outputting to a nonitor 50 the respective color
signals fromtWhé Akewncinclie.225, in the, CCR iRage SebRop &fpartdeus 30

havi ng the orementi oned conf.jguration, t ?CQ i e nsor 11 qgenerates
col or _si gneaf{sectx € c?xe?ge a@gdngﬂaatio.n pep?o pr%%rﬁiﬁ& é‘ﬁﬁ B0,
supply to éiecdRRitoSshudteRerdoRi0R) €57 64k to a shorter value than in

the CCD image sensor 88. Consequently, the CCD image sensor
84 outputs color signals of lower signal level as a whole
compared to the CCD image sensor 86.

Here, the adaptive interpolation section 85 and the
adaptive interpolation section 87 have an identical
configuration. As shown in Fig. 16, each of the adaptive
interpolation sections 85 and 87 includes: a CCD/AGC circuit
18 for executing & correlated double sampling to the respective
color signals from the CCD image sensor 84, 86; an A/D convert
14 for digitizing the respective color signals from the CDS/AGC
circuit 13; and a DSP .15 for executing a digitel signal
processing to the respective color signals which have been
digitized by the A/D converter 14. ‘ K

Each of the adeptive interpolation sections 85 and 87
further includes: &an LPF 17 for removing & higher frequency.
component from the respective color signals supplied from the
DSP 15; a buffer memory 18 for storing the respective color
signals from the LPF 17; an adaptive interpolation circuit 19
for executing an adaptive interpolation to the respective color
signals from the DSP 15; an HPF 20 for removing a lower

frequency component from the respective color signals from the



13 and-the A/D convert 14. An output fromthe DSP 15 is converted into a
vi deo signal by the video encoder 23 and is outputted as a VBS

(vi deo, burst, sync) signal or |um nance/col or difference signal Y/ C
Mor eover, the output of the DSP 15 is subjected to a sinplified

interpolation in the sinplified interpolation circuit 31 and outputted as
a color signal or transmtted via the PCinterface 32 to the conputer

bl ock 30B. In the conputer blogz 30B, the PCinterface 34 supplies

t he respective col or éégnals to the adaptive intergolation circuit 19 and

to the LAMePriverpinterpaleting, eircubt gR8s & cBUERRY BERREKedl ¥ t he
. . ; . Dot he. but
e e S

circuit aptive Interpolation circuit
18 executaddamn cddzmiiitv@2i foer pddbig othdyealoy \Wignadst firom shervathér oned
steps S1 to S22 and steps S31 to S34, and supplies the HPF 20 with a

| um nance™eRYFHI L8/ andy thes fudfeFemenrsy 3lgnals R, G and B shown in Fig.
10. The HPF : f t | ]
si gnal Yeand Jite r &Se Gt P s dSEAIEHD (SO PIVG e d W%.O‘éfagﬁégﬁnce

e respective col or signals and“supplies the

| umi nanceisi Bogl. Y7 ef DPBhel, &rbepencyonparddvr 0 ,f andmeid tdhihg the
adder circuit 22. The adder circuit 22 adds the |um nance signal Y of

the hi gheirerdguddcyfan sakeqiynlsr i outpeivingi ghel sempectiveaseloBl from
the buff eEiERQPé yof1% qg@eﬁuppéﬂaﬁis ltebrglg?ggﬁaér?ed a%?alp%rive interpolation

section 85 and the respective color signals of a normal signsal
level from the adaptive interpolation section 87.

The LPF 91 removes an unnecessary component of a higher
frequency from an image data supplied from the adaptive
interpolation section 85 and supplies the obtained color
signals to the level comparator 82.

The level comparator 92 compares levels of the respective
color signals HD1 to a threshold level Th, i.e., a limit of the
dynamic range as shown in Fig. 18A. If this threshold level
is exceeded, the image is sort of white~crushed. As shown in
Fig. 18B, if the level of a color signal HD1 is higher then the
threshold level, & switch control signal of H level is
outputted._

The switching circuit 83 has a terminal ‘a’ which is
supplied with color signals HD1 from the adaptive interpolation
section 85 aend e terminal ’'b’' which is supplied with color
signals HD2 from the adaptive interpolation block 87. When
supplied with a switch control signal of H level from the level

comparator 82, the switching cireuit 93 outputs the color



signals R, G and B of a high resolution via the accel erator

20 36 to the nonitor 50. As has thus far been described, in the inmage
pi ckup apparatus 30 according to the second enbodi nent, the adaptive
interpolation is executed by a software in the personal conputer, which
enabl es to reduce the size and weight of the inmage pickup block 30A as
well as to revise the software wi thout replacing the i mage pi ckup bl ock
30A. Moreover, b executing the adapti ve interpolation for the R and G

y
ixels fro C r _fi r enen it L,S,pOSSi ble to 4 ove.t he
Iroesol uti ongqn%{]ﬁgn?‘? [ ﬁ['t’*%?é%?{? gt;}% g??d't"{iﬁétlho?i gom? dwpepclt%rg) é’i Eh al so
in diagonai ghigmqt o@NE. 1&ve ] FRRDERe 14 1akonpaRate © B2 itHBUSWDL HEHE

apparatus 30 which uses a single CCD is available at a reasonable price in
a conpact SiFedbhdo3i mNtRaSoUshy RPAAT: IHignadgaiild swppbied nta Hibgh -

resol ution Egd.ga qu,an el ectronic shutter. Moreover, because the inmge
pi ckup appg 5% 30 enpl oys the CCD i mage sensor 11 of

In other words, the terminal 'a’ of the switching circuit
83 is supplied with the respective color signals HD1 shown in
Fig. 18A, whereas the terminal ’b’ of the switching circuit is
supplied with the respective color signals HDZ shown in Fig.
18C. Because the switch control signal is at L level while no
color signals HD2 exceed the dynamic range, the switching
circuit 83 outputs the color signals HD2 as shown in Fig. 18D.
When the color signals HDZ exceed the dynamic rsnge, the switch
control signal is at H level and, as shown in Fig. 18D, the
switching circuit 08 outputs color signals HD1.

Consequently, when taking an outdoor picture from indoor
for example, if the coler signals HD2 exceed the dynamic range,
the image combine section 88 substitutes the color signals HDi
for the portion exceeding the dynamic range, thus enebling to
extend the dynamic range.

As has thus far been described, the image pickup apparatus
80 executes the adaptive 1nterpolatidn for each of the output
signals from the twe CCD image sensors, which enables to obtain
an image of a high resolution. Moreover, by selectively
synthesizing color signals of difference shutter cycles, it {s
possible to enhance the dynamic range. Furthermore, by
executing the adaptive interpolation with the R and G pixels

from the color filter arrangement, it is possible to improve



progressive scan type, it is possible to obtain a non-interlace inmage which
Is preferable for a personal conputer nonitor or the like.

Description will now be directed to a third enbodi mrent of the present

i nventi on. An i mage pickup apparatus 60 according to the third

enbodi nent is preferable for use in a still inmage canera. As shown in Fig.
13, the inage pickup apparatus 60 operates only for the nonment of pickup

of main circuits in an i mage pickup bl ock 60A which can be preferably used
in a canera head unit 29 21 (CHU) and is

kept in Abfainesedysinnemato Plokuin r theeserticahdantr dhea hegrhaonselpl ock
60B, thu ' h I i : Lp Fig. 13 for exanple,
the i naggi%?}ékggn%)l g‘ég gg%é« f%%%g}sljfa?%éilﬁrfggg@gggéor 11; a CDS circuit
13a for exegutiiky €lOrpeteire dosibheosfd®! RNGelt rods @Relsiite qNDr
signals fromthe CCD i mage sensor 11; an AGC circuit 13b for
filter 95 between the half mirror block 83 and the CCD image
sensor 84 in the image pickup apperatus 80 and to set an

identical shutter speed for the CCD image sensor 84 and the CCD

image sensor 86. That is. the CCD image sensor 84 receives a

light quantity decrecased by the ND filter 65, for generation
of the respective color signals, and is capable of generating

the respective color signals in the same way as when the
shutter speed is increased.

Description will now be directed to an image pickup
apparatus according to a fifth embodiment.

In order to eliminate the white~-crush as well as the
black-crush, the image pfckup apparatus according to the fifth
embodiment employs, instead of the image combine section 88 of
Fig. 17, an image combine section 88a which can switch between
8 white-crush correction mode and a bdblack-crush correction
mode.

As shown in Fig. 198, the switching circuit €4 in the image
combine section 88a includes: a terminals ’'c’ and 'f’' which
are supplied with the respective color signals ED1 from the
adaptive interpolation section 856; terminals 'd’' and ’e’ which
are supplied with the respective color signals HD2 from the
adaptive interpolation section 87; @a switch 84X which

selectively outputs color signals supplied to the terminal 'e’



controlling a gain of the respective color signals fromthe CDS circuit

13a; an LPF 61 for renoving a higher frequency conponent fromthe
respective color signals fromthe AGC circuit 13b; an A/D converter 14 for
digitizing the respective <color signals fromthe LPF 61; a personal
conputer interface 32 for executing a predetern ned signal conversion on
the respective color signals fromthe A/D converter; a timng generator 62
for generating a read-out pulse and th¥01like for driving the CCD i mage

sensor 11; 4@n +igni.s t EOlg Al chli 4025 i AR 21 c f.Qr adj usting
the iris agcordi ng f‘g&]t he sl‘ﬁ“lts?%con?‘rsorh%?gcti%tleggivgw l%f%gmé%D ‘l?%g‘bé
sensor 11 ssgmsalplsupdldietihtantlsd detrmdnal *ehudg €rf 'pul Thef ERMéRes Lo 4 Ng

generator 62.s0 .as to control an effective charge accunul ati on peri od

(el ect roni 8nd h?ﬂfe’rrec#é‘lt'é}‘.l"ﬂé?‘b,“'it"'ll?eFé°hs°T4be’|br°6!5’I Sheilr switehingrbsic
shutter c ' ri ' r ornseveral fyr for
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functions of main circuits according to a pickup node request fromthe

conput er bFYdkeBoB4XarkP t thhsterringle {ehct PBAs the tSwitehi rB4Y rtwi the
excluding tB¢ninal 'e’, and if the black-crush mode is set in, the switch

84X is set to the terminal ’'d’ and the switch 94Y is set to the

terminal 'f’. The switch 94X selectively supplies respective
color signals to the LPF 81 and the terminal ’a’' of the
switching ecircuit 83, whereas the switch 64Y selectively
supplies respective color signals to the terminal ’b’ of the
switching.circuit 83.

The LPF 81 removes & higher frequency component from the
respective color signals and supplies the resultant signals to
the level comparator 82. As shown in Fig. 20A, the level
comparator 92 compares phe levels of the respective color
signals supplied from the LPF 91, with a threshold level Th
and, as shown in Fig. 20B, outputs a switch control signal if
the level of the color signasls is higher than the threshold
level, Here, the system cohtroller 80 sets the threshold level
according to the white-crush correction mode or the black-crushh
correction mode. The switching circuit 93, upon reception of
the switch control signal of H level from the level comparator
82, outputs the color signals which are supplied to the
terminal 'a’, and upon reception of the switch control signal

of L level, outpu@s the color signals which are supplied to the



22 PC .interface 32 according to a wait node request.
Consequently, the inmage pickup bl ock 60A suppresses power consunption in
the wait node, thus saving electric energy. The conputer bl ock 60B

i ncludes: a personal conputer interface 34; an HDD nenory for storing
progranms and the like; a signal processing circuit 65 for executing a
predeterm ned signal processing on the respective color signals fromthe
personal conputer interface 34; an LP¥L17 for renoving a higher frequency

conponent;s ;r(ayi:h%.respective color signals fromthe signal processing
circuit Eﬁf Q% Jffer‘nennry 18 for storing the respective color signals

fromthe LPF {henaBhadsnidR« rusht 86PPé &t icH moder ¢5i et {Hd, thkOgystémfecuting
an adaptive interpolation for the respective color signals fromthe
personal eentnrelderi APerpnnects; the HAF teh X rtambhiend eamionér '¢f eguéncy
ot or pol aEPOP TR PATIE0 EHE FHER Ity 210 151 & 3 g en s aepel ve
col or si gjgyé1 MMPRdt Be pbble Omitledrd@deel bE6HIn@2dd WheatiaRE-Lhashi gnal s
fromthe buffer menory 18 and the buffer nenory 21; an accelerator 38 for
out put ti ngerpectiaroni or thdst REatespthei vermbnat '\ grefl Lite smitiebingder
clreult 223 r80¢t 2808 s3H] £8u Wi & {nd Ord e SRR YD P RRa02 FBS
shown in Fig. 20A and the terminal ’'b’ is supplied with the
respective color signals HD1 shown in Fig. 20C.

When no black—-crush is caused by the color signals HD1,
the switch control signal is at H level as shown in Fig. 20 and
the switching circuit 93 outputs the color signals HD1 as shown
in fig. 20D. When a black-crush is caused in the color signals
HD1, the switch control signal becomes L 1level and the
switching circuit 93 outputs the color signals HD2 as shown in
Fig. 20D. .

That is, when taking an indocor picture from outdoor for
example, and a black~crush is caused in one of the signals HD1L
and HD2, the other signal is inserted in the portion where the
black-crush is caused, thus enabling to output color signals
without black—-crush.

It should be noted that when the white-crush correction
mode is set in, the image combine section 88e is set as
follows: the switch 94X is set to the terminal ‘c’' and the
switch 84Y is set to the terminal 'q’. That is, the image

combine section 88a becomes equivelent to the image combine

section 88 capable of outputting color signals without



| mage pi ckup bl ock 60A. Mode switching of the image pickup bl ock 60A
Is carried out through keyboard operation while the canera control
software in the conputer block 60B is operating. That is, the electronic

shutter control, iris control and wait node control provided in the inmage
pi ckup bl ock 60A are carried out by the

23 conputer block 60B. The adaptive interpolation and the digital signal
processi ng executed to the respectivgacol or signals from the imge pickup
bl ock 60A.f5cedks@sgxecuted by the adaptive interpolation circuit 19 and
the signal processing circuit 85 in the conputer bl ock 60B. In the

I mge pickup apparatus 60 having the aforenentioned configuration, when the
apparatus is sst to,the wait accordjng to, control iorn1the &onputer

; . Jode
bl ock 60B, the Fﬁﬁﬁépﬁi‘eﬂuﬁ”ﬁﬁgc‘k"%ohei AigcathptPe i tR2EHWEL CKMBm t he
power SOoUrgGR aGiak el Ec?@raﬂﬂgf{:‘@céi tfedtd@ iR .Circuit are term nated
|

excl udi ng the personal conputer 1nterface 32. When t he i mage pickup

bl ock 60A is s&tigto alpi t&kum mddeck diagram showing an example of
configuration of the image pickup apparatus according to the
sixth embodiment including: a pickup lens 101 for focusing;
an optical filter 102 for removing a high frequency component
from the picked-up light; a dichroic mirror 103 for splitting
the picked-up light into three primary colors Red, Green, and
Blue; a CCD image sensor 104R for outputting s color signal R
according to the pickup light splitted; a2 CCD image sensor 104G
for outputting a color signal G; and a CCD image sensor 104B
for outputting a color signal B.

Here, the CCD image sensors 104R, 104G, and 104B are of
the progressing scan type. As shown in Fig. 22, in the CCD
image sensors 104R and 104G, G end R are arranged in quincunx
with & half-pitch shifting the pixels in the diagonal
directions.

The- image pickup apparatus 100 further includes: a
CDS/AGC circuit 13 for executing a corrélated_double sampling
and gain control to the respective color signals from the CCD
image sensors 104R, 104G, and 104B; an A/D convert 14 for
digitizing the color signals from the CDS/AGC circuit 13; a DSP
15 for executing a digital signal processing such as
y-correction for the }espéctive'eolor signals from the A/D

converter; an LPF 17 for removing a higher frequency component



wi th power supply fromthe power source circuit 66. functions of the main
circuits start functioning. At this nonent, for exanple, the conputer bl ock
BOB; according to input through keyboard operation, can adjust the iris via
the PCinterface 32 and the iris control circuit 63. Mor eover, . when
the conputer block 60B transmits an inmage pickup request to the inmage

pi ckup bl ock 60A, the CCD i mage sensor 11 supplies the PC interface 32
through the CDS circuit 13a, the AGg3circuit 13b and the like with

respecti ol.qr iyanal [ f t eligct roni u .cyele for a
si ngl e-f?gf’r& %@Pi c??i’l?# sszi\F&rQ;?- ??aﬁe(%%gr :ng 1 he®p h%tggr %ItgglgrgSg"gxecut es
a predet groirifig StBealcaUWEEIEABLPI COREFT BBet WRIE 1 7; eSneClaided td@kor
signals, which are then supplied via the bi-directional bus 33 to the PC

i nt er f acdngarpolationn t¢irawbifput 48 bl Hek 6GBECUIdNE gndl prd@@ddiveg
circuit : 2 te Igi ta

si gnal p?&éggg?}]ﬁt%"r\n e%%hu}ﬁ ﬁ%grc&iéfm%,sgﬁg?% ?’r’gﬁﬁ]g’c aﬁ‘n:}@&f gc?e 34 and
suppl i es fiorerembVimeh QAWRT Eregdéicy icdnpdfehtr dom tthet RO1380e1gdyscUi t 22
as well as to the adaptive interpolation circuit 19. Fromthe

r espect i igodo| the siagaptdvr, imtenne I tiosm ¢circwignd® prdcegenerptisig cuit

65, the 3qaRLLYSe" { SO0 AY A nTbhSH fraghedRPS 8168 for memory 21 for
storing the luminance signal of a higher frequency from the HPF
20; and an adder circuit 22 for synthesizing the color signals
from the buffer memory 18 and the luminance signal from the
buffer memory 21.

In the image ©pickup apparatus 100 having the
aforementioned configuration, the adaptive interpolation
circuit 19 is supplied with the respective color signals R, G,
and B from the DSP 15. The color signals R and G are stored
in the quincunx arrsngement shown in Fig. 23A in an internal
memory 182 of the adaptive interpolation circuit 19.

The adaptive interpolation circuit 16 sets a pointer at
a portion of the quincunx arrangement of the color signals R
and @ to be interpolated and calculates correlation in the
vertical and the hofizontal directions so that the adaptive
interpolation is executed in the direction of a greater
correlation.

Here, the adaptive interpolation circuit 19 is supplied
with the color signals which have been adjusted in white
balance adjustment to an identical 1level of R and G,

Consequently, is an attention is paid on the information of the



| um nante signal Y of a high resolution, which is supplied via the HPF 22
to the adder circuit 22. The adder circuit 22 conbines the respective
color signals RL, G, and BL with the |um nance signal YH of a high
resolution for output. Thus, color signals R, G and B of a high o
resolution are generated for supply via the accelerator 36 to the nonitor
50. As has thus far been described, the inmage pickup apparatus 60
according to the third enbodi nent opeﬁﬁ%es t he i mage pi ckup bl ock BOA

1

only duri ngym i dH &K U erat d r{y | the nmin
circuits in n{ he pi clliﬂlpaﬁqqocf %%%avﬁ%% [ rfF %%%{p%%%?n?hgédegabﬁ ng to
save el ectshidwnpdneFighMb2epvit ,cdrhdel magampickhpt appad Ménce G0 gvahguygs not

only the ada&[ive interpolation but also digital signal processing such as
knee [err]t&d 88Li BRTERESh PothenBienithod proBERLETRTY rPQlWé‘-eé‘oﬂ‘gut er

bl ock 60B @itk feMtdiy1I¥e £bNEok{BY qghQ{oggtgggigaq be reduced in

si ze and wei ght and neeé not ge repl ac rémenti oned software
is revised. Fuher al¥le#+ by2execYl igi¥she adaptive interpolation with the R

and G pixels fromthe color filter arrangenent, it is possible to inprove
resol uti o9t aFRehe ther ¥alugnsofiop &0 W jaFe rieteaminesl tynctheheixsli zont al

directi onseOpfe Al 5i%d Nrdie®QO0RE+ BLLECL L OfFe hori¥ontel direction.

More specifically, the adaptive interpolation circuit 18
calculates the level difference in the horizontal direction
between Y1 and Y2 and the vertical direction between Y3 and Y4
and determines that the direction having a smaller level
difference has a greater correlation degree, in which direction
the interpolation of Y0 is executed. For example, if the

horizontal direction has a greater correlation, the following
calculation is carried out.

Yo = (Y1 + Y2)/2

As shown in 23B, the luminance signal is interpolated at
the shaded positions for the color signals R and @ in the
quincunx arrangement and the resultant signals are supplied to
the HPF 20. The HPF 20 removes a lower frequency component
from the color signals R and G and the luminance signal, so as
to generate a luminance signal of & high resolution. This“
luminance signal is supplied via the buffer memory 21 to the
adder circuit 22. The adder circuit 22 adds and combines the
color signals R, G, and B supplied via the LPF 17 from the DSP
15 and the luminance signal of a higher frequency component so

as to generate color signals of & high resolution.



25 aforenenti oned i mage pi ckup apparatus 60 is a single-plate type and
accordingly, available at a reasonable price and in a conpact size, and
enabl es to obtain a high resolution without using a pixel shift nechanism
or the Iike. Description will now be directed to an i mage pi ckup
apparatus according to a fourth enbodi nent. The inmage pi ckup apparatus
according to the fourth enbodi nent enlarges the dynam c range using two

pi ckup el enents, enabling to obtain ah i nage of a high resolution.

Fig. 4is ab k gdi a; N EAP! en0feneONi & at,i t I mage
pi ckup appar altTElg ngggf:or@(ii%lri}g%o %ghfourt hﬁém)%%i rrien?éjil: ntgliggﬁgfé: %’Fpi ckup
| ens 81 fexhifmicusicgietearicinatilonghif; sahighercérefuéney B&né oas csthawn

i sol ation of the pickg light; a,half mrror block 83; CCD imge sensors 84
and 88 i mt® whii€h the % clEOPPRTEA: i &0 i ntP8duRRRYARE kR L ) FPEFEFER bl ock
83; an a LVE 48R0 3l AN sSe el ioNn for executing an adaptive

I nt erpol g%?%#\“ﬁod%sg{lglsqxtso@néﬁ ??gm tzﬁgCCD | mge sensor 84; an adaptive

i nterpol ati on Tecy | 19, 8thd cad epaciond | it erpoldaiinveireugtpabaekebutesa pi xel
signal fromthe CCD i nage sensor 86; an_inmage conbine section 88 for

synt hesi zARERRAGKIMStEN SASPLL¥M LAECERRPRLIRN (SR @S HoaEeReTadet £FOASTS5 and
87; a vid d nv.ertin espective color signals which
have be_enggﬁﬁgffén)e(g{i%g%#e){alﬂr:rlgegeﬁ[cagr?bi%ﬁ%qgégt‘i on 88, into predetermn ned
video signal s;sengas vyeh ede sOPfbed | eiowd), fidfe Gaigeoldidkaiy e paraitiue
appar at us. Here, the CCD i mage sensors 84 and 86 are, for exanple,
100 executes an interpolation in the vertical or the horizontal
direction having a greater correlation, so as toc generate a
luminance signal of a higher frequency c¢component, which is
identically added to the respective color signals R, G, and B
of intermediate or lower frequency, thus enabling to generate

respective color signals of a high resolution and a preferable
image quality.

As has thus far-been described, accordiné to the present
invention, correlation is calculation is carried out for the
opposing pixels around the interpolation point and a luhinance
signal is generated according tﬁ the color signals of the two
primary colors in the direction having a greater correlation,
eliminsting a lower frequency component, for synthesizing this
luminance signal of a high frequency and a high resolution with
the color signals, enabling to generate color signals of the
three primary colors of a high resolution.

According to another aspect of the present invention, if

a portion to be interpolated in a diagonal direction has a



26 of the progressive scan type in which red pixels (R, green pixels (G,
and blue pixels (B) are respectively arranged in checker arrangenent as
shown in Fig. 3. As shown in Fig. 15, in the CCD i mage sensor 84, the
effective charge accunul ation period (preferable for the electronic
shutter function) is set to a shorter value than in the CCD i nage sensor
86. Consequently, the CCD i nage sensor 84 outputs color signals of |ower

signal level as a whole conpared to{ye CCD i nage sensor 86. Her e,
t he adapt] ' ' cti 85.anq .t ég?yy' i nt.er ation
section png?hayggggggkaﬁhggﬁfgglEé%ﬁ??ggfétggnhﬁl sﬁg*gopkqbidﬁﬁ%G,leach_

of the addpbgorali "dirqutiain obsSentdmtedSSvand e | naltedeslati 6D/ JAGCC

circuit 13 for executing a correl ated double sanpling to the respective
executed in the vertical or horizontal direction having color
signals having a high signal 1level and having the
aforementioned greater correlation, thus enabling to odbtain an
image of a higher resolution.

According to still enother aspect of the present
invention, interpolation is executed between the respective
color signals fetched in a vertical, horizontal, or diagonsl
direction which has the greatest correlation, thus enabling to
improve the resolution of the direction of the lowest direction
according to the resolution degrees of the respective
directions in each image.

According to yet another aspect of the present invention,
it is possible to obtain an image of a high resolution -

independently of the apparatus type, i.e., single-plate type
or multi-plate type.



color signals fromthe CCD i mage sensor 84, 86; an A/ D convert 14 for
digitizing the respective color signals fromthe CDS/AGC circuit 13; and a
DSP -15 for executing a digital signal processing to the respective col or
signals which have been digitized by the A/D converter 14, Each of
the adaptive interpolation sections 85 and 87 further includes: an LPF 17
for renmoving a higher frequency, conmpgonent fromthe respective color
signals supplied fromthe DSP 15; a B f er menory 18 for storing the

respectiV%H&E4£5_Qﬁﬁlggﬁjn§ron1the LPF 17; an adaptive interpolation
circuit 1 or executing an adaptive interpolation to the respective
col or signal sl frdwn timageSpiltEupaappfa®ds foompEmiigng a | ower frequency
conponent fromthe respective color signals fromthe

27 adaptive i rR%rpBPEEI H KR FHeMERY DBYAREr ardiiTP ALY RE sPAXERG the
el | ErEShERe KN BleR LA Shn D SR ELIE LRI
21. Théormagion onde oud iy tticos 83 ght peoeided; w th, as shown
correlation value detecting means based on sample
information from a plurality of pixels positioned in the
vicinity of a reference sample position within a frame composed
by the sample information outputted from the respective pixels
of said image pickup element, for detecting a correlation value
of a plurality of sample information in a horizontal direction,
a2 correlation value of a plurality of sample information in a
vertical direction, and a correlation value of a plurality of
sample information in a diagonel direction; and
interpolation means based on the sample information of the
pixels positioned in the direction having the greatest
correlation value detected by said correlation value detecting

means, for executing an interpolation for said reference sample
position.

2. An image pickup apparatus as claimed in Claim 1,
wherein said image pickup element further includes first color
filters, second color filters, and third color filters provided
for each of the pixels, said first color filters being arranged
in a checker shape for said plurality of pixels, and outputs
a2 first color sample information <from firsé pixels which

correspond to the first color filters, a second color sample

ey



in Fig: 17 an LPF 91, a |level conparator 92, and a switching circuit 93
for selectively outputting the respective color signals of a | ower signal
level fromthe adaptive interpolation section 85 and the respective col or
signals of a normal signal |evel fromthe adaptive interpolation section
87. The LPF 91 renobves an unnecessary conponent of a higher frequency
froman i mge data supplied fromthe adaptive interpol ation section 85 and

supplies the obtained color signals ;? the | evel conparator 92. The
| evel CO”PQ?@%&Htf%%.QQ%H@%%Soh&Vﬁife WHfeH &diaespoRdC ook hei geabgd HDL to
a threshold | evel Th. e.

limt of the dynam c range as shown in Fig.
18A. If chisrihikwins danéveltmsrdeméededpmpm mfa:gmautsosworﬂromf third

whi t e-crushed, _As. shown Fi 8B, | ey color signal HD1l is
hi gher t hRAXERE ?ﬂi‘é‘ghﬁ?ﬁr?ﬂﬂg}d ]ta? et 5}? SnP?gP’ %{;ﬂ% FTor Hlevel is
out put t ed. The switching circuit 83 has a termnal '"a' which is

supplied with color signals HD1 fromthe adaptive interpolation section

85 and a term Bal 'An dhbgh Ppdckupplappdretuh asl rlaimeghails EDRimram t he
adaptive interpolatipn block_87. Wen sugglied with a switch control
si gnal of WHOT&HD #RiS RS TRASEEOD S Teoting e MEAMSCAREECY S cdit 93

outputs theGahd%tion value in e first diagonal direction including
sample information of pixels positioned at upper right and
lower left of sald reference sample position and a correlation
value in a second diagonal direction including sample
information of pixels positioned at upper left and lower right

of said reference sample position as the correlation value in

a diagonal direction.

4. An image pickup apparatus as claimed in Claim 1., said
apparatus further comprising high frequency extracting means
for extracting a high'freguency component from the output from
said interpolation means ﬁnd outputting the obtained component

as a high frequency band luminance sample information.

5. An image pickup apparatus as claimed in Claim 4, said
apparatus further comprising combine means for combining the
sample information outputted from said pickup element with said

high frequency band luminance sample information.

6. An image pickup apperatus as claimed in Claim 2,

wherein said first color filters are made from color filters

A O



28 signals HD1 supplied to the termnal "a'. Wen supplied with a signal of
L level fromthe | evel conparator 92, the switching circuit 93 outputs the
color signals HD2 supplied to the termnal 'b'. In other words, the
terminal "a of the switching circuit 93 is supplied with the respective
color signals HDL shown in Fig. 18A, whereas the termnal 'b" of the

swtching circuit is supplied with tg? respective color signals HD2 shown
in Fig. 18C. Because the switch contr signal is at L level while no col or

signal s HRZ1g%eReded fﬁwr&ameagwg%oﬂé}& ¥ 413Bh0Y skiACHbLoS QYHPMtS the

color signals HD2 as shown in Fi D. Wen the color signals HD2 exceed
t he dynanifdltemge arehenssle tftomotelatr fiyhetrsi sldowkhpersl rasd, saasreshown in

Fig. 18D, the swifching circuit 93 oufputs cal or stignals HDI.
ConsequentPFPORAR T%a& Yin 288 ﬁBB$ {')ﬁg'f‘ir oﬁi#gGSSr BE8, mage Hrem | 1

t he col or o 16808 h ' hBge in tion
88 substifﬁgggaﬁﬁ% col§§9§?§ﬁ§|§°Egﬁgéqﬁ:%q3§g§8? ?gﬁhexcegggﬁg'tﬁg§§§nanic

range, thuslerafilugrs obeing arrangedlyima Greengeheckers AndhRedyBugef ar

been descri bed, the image pickup aggaratus 80 executes the adaptive
i nt er pol athi®¢ Be_ueRsdads cPRELBUFRLEONs| gnal s from the two CCD i mage

sensors, which enables to obtain an inage of a high resolution.
Mor eover, by selectively synthesizing color signals of difference shutter
cycles, it is 7possidn eimége eilkckope apperathynaconprieige: aFpikkepnore,

OV eXeCU dtnt e diab' & ‘Flura1ity o? piXels arranced in s metrix state
and a plurality of first color filters, second color filters,
and third color filters, said first filters being arranged in
a checker state for said plurality of pixels, wherein

said pickup element outputs a first color sample
information from first pixels which correspond to the first
color filters, a second color sample information from second
pixels which correspond to the second color filters, and =a
third sample information from third pixels which correspond to
the third color filters, and

interpolation means for generating a luminance level
component equivalent to the positions od said third pixels by
way of interpblation according to color sample infomation

outputted from the first and the second pixels positioned in
the vicinity of the third pixels.

8. An image pickup apperatus as claimed in Claim 7,
wherein said interpolation means generates a luminance level

component equivaelent to positions of said first and said second



fromthe color filter arrangenent, it is possible to inprove

29 the resolution not only in the vertical and the horizontal directions
but -al so in the diagonal directions. It is also possible to provide a
neutral density (ND) filter 95 between the half mrror block 83 and the CCD
| mage sensor 84 in the imge pickup apparatus 80 and to set an identical
shutter speed for the CCD i mage sensor 84 and the CCD i nage sensor 86. That
is. the CCD i mage sensor 84 receives a4Pight quantity decreased by the ND

filter 95pifxlsjeeoat i ohe ofcdlioar r eappléi vinfodmat ivngnaks, tiend pikeqapabl e
of generating the respective color signals in the sane way as when the
shutter sp S Viefcr eased. Description will now be directed to an
i mage pi ckup apparatus according to a fifth enbodi nent. In order to
elimnate the white-crush as well as the black-crush, the imge pickup

appar at us accorgdi ngnt imige gidkup epparst®itaenbered iRsteaghof, tdwid mage
conbi ne section 88 of Fig. 17. an inage conbine section 88a which can
switch bet WRR3Tatuthi t EUEERCR cOPMRELFERE MDY 8hnd Brasiuedicycr USOMRANGREt | On

extracting means for extracting a high frequency component from
the output from said interpolation means and outputting the

resultant component as a high frequency band luminance sample
information.

10. An image pickup apparatus as claimed in Claim 8, said
apparatus further comprising combine means for combining the
first, the second, and the third color sample information

outputted from said pickup element with said high frequency
band luminance sample information.

11. An image pickup apparatﬁs as claimed in Claim 7,
wherein seid first color filters are made from color filters
allowing to pass a green component of light; said second color
filters are made from color filters allowing to pass & red
component of light; and said third color filters are made from
color filters allowing to pass a blue component of light, these -

-color filters being arranged in a Green-checkers and Red/Blue
line sequential configuration.

12. An image pickup apparatus as claimed in Claim 7, said

apparatus further comprising correlstion value detecting means

* [ L M $ *



node. - As shown in Fig. 19, the switching circuit 94 in the inmage
conbi ne section 88a includes: a termnals 'c' and 'f' which are supplied
witth the respective color signals HD1 fromthe adaptive interpolation
section 86; termnals 'd and 'e' which are supplied with the respective
color signals HD2 fromthe adaptive interpolation section 87; a swtch 94X
which selectively outputs color signg/s supplied to the termnal 'c

c
30 or 'd'; and a switch 94Y which selectively outputs color signals

suppl i echiged hen ted I Nadamle Anformatiba FromCRep194¥1a8¢ 94 Ypokels
I nterl ocked with each other and their switching is controlled by the

syst em cdMEibiqenad opn thghaiciigitys athea mﬁf%%e%¢ﬁsﬁﬁn9He Pgssdtien, the

system | _er, S iyt C 4 th and the switch
oy to LA e raRbgebnBosdd ol kil EskRe L Fed T e, <BuralRinbRE S
9?.X I S sehfdfmddiOn Sutbléted tf raidheNFespbbeivdPitél S ¢ tsqﬂdhfimaker m nal

The switch 94X selectlvely supplies respective color signals to the
LPF 91 anéickup telement.' forofdehecting a correletion value of a

plurality of color sample information in a horizontal

a correlation value of & plurality of color sample
information in a vertical direction,

direction,

and a correlation value
of a plurality of color sample information in a diagonal
direction, wherein

said interpolation means executes, based on the color
sample information of the pixels positioned in the direction
having the greatest correlation value detected by said
correlation value detecting means, interpolation for said
reference sample position.

13. An image pickup apparatus comprising:

a pickup element having a plurality of pixels arranged in
a matrix state and & plurality of first color filters, second
color filters, and third color filters, said first filters
being arranged in a checker state for said plurality of pixels;
wherein said pickup element outputs a first color sample

information from first pixels which correspond to the first

color filters, a second color sample information from second

pixels which correspond to the second color filters, and =

third sample information from third pixels which correspond to
the third ceolor filters;

W



switching circuit 93, whereas the switch 94Y selectively supplies

respective color signals to the termnal 'b' of the

switching circu

t 93.

The' LPF 91 renoves a higher frequency conponent fromthe respective col or

signals and supplies the resultant signals to the | evel conparator 92. As
Fig. 20A, the level conparator 92 conpares the levels of the

respective color signals supplied frof2the LPF 91, with a threshold | evel

shown in

Th and, as shown in Fig. 20B, outputs a switch control

signal if the leve

of the color signadiBdidnvalge 4888ct ke (MEAN0IThdeqV RN cbEbS. shhpLEystem
controller 90 sets the threshold Ievel accordlng to the white-crush

correcti oanfiotmabvionhd momack- pAlushlidvyr exft i therbsiepﬁli&iswedcmngthercui t
recegtlon of tEe switch cqQntrol gi fvel fron1th$
compar ot oV T6ERLEC b0, reRBrant e smplay pes it e i tBians FT e ConPREST o

93, upon
"a', and
t he col or

31

%Eo%fee?%fs'ton sekohd® §§wt‘éﬂ19@n§£ﬂ1é' ¥ refift slonl @4EputElP
Signal s ‘which are supp to the
from the respective pixels of said image pickup element, for
detecting 8 correlation value of a pluraiity of color sample
information in a horizontal direction, a correlation value of
a plurality of color sample information in a vertical
direction, and a correlation value of a plurality of color
sample information in a diagonal direction;

dispersion degree detecting means for detecting a
dispersion degree of color sample information of a plurality
of pixels corresponding to the third color filters positioned
in the vicinity of said reference sample position; and

interpolation means for executing interpolation for said
reference sample position according to the correlation values
excluding the correlation value in the direction related to the

position of said third c¢olor filters when said dispersion
degree is below a threshold value.

14. An imege pickup apparatus as claimed in Claim 13,
wherein said pickup element is of a Green-checkers Red/Blue
line sequential color filter type consisting of first color
filters allowing to pass & green component of light, second
color filters allowing to pass a red component of light, and

third color filters allowing to pass a blue component of light.

i

| evel
rm nal
uts



termnal 'b'. When the bl ack-crush correction node is set in, the
system controller 90 connects the swtch 94X to the termnal 'd and the
switch 94Y to the terminal 'f', so as to set the threshold level Th to a
predeterm ned | evel according to the black-crush correction. In this state,
the termnal "a'" of the switching circuit 93 is supplied with the
respective color signals HD2 shown in Fig. 20A and the termnal 'b' is
supplied with the respective color s4f:§nal s HD1 shown in Fig. 20C.

When no bl ackygrush s dph¥ I i lss . axbpR L, t g control
signal is at ﬁgl evelA agfﬁgﬁnp?ncé?g?ﬁgoﬁrﬁﬁﬁg sw{'?ihieﬁg gf‘?!\é\%lt 93

out put s tireteaxgdolratdiogndeseldDbras steference | spmpA@D. podicrion blighlincraush i s
caused in the col or si &nal S Hg)é tPe switch control sjgnal becones L |evel
t

and the siFamencRPPEsed A% s§ap Qrig i o8y PYEPUF EEM, BAUEMGY i n
Fig. 20D. ; ' t akj ' [
e;grrpl o %fnc}aléceg?:%g%xrxﬁé\ﬁe{h f‘krhi‘tgrdﬁp §€’adc%°rafnﬁ't %tr’dﬂr?dfeﬁoﬂio dﬂgingcﬁ or

I'S caused I n one o e signals HD2,
t he ot herpbéigmpml e l ememts ewhiisrh icutithet spareimpde Windoembbe¢onbhackrdingshtd s
caused, thus enabling to output color signals wthout bl ack-crush.

It shoul d®bel ¥dtted YRRt ikfenTe tRIVER t &% 88RBCoPF ecthOn PiXfdge 28kdt in,
the term Mo PRIt BRSOy AoorMind To, BRBLE R RgHEC14] 2%
the i mageof piXblsecasemid anifBxrefecenes eampyel positodhe i nage conbine
section 88 capsaﬂf gpaoruattezust tciogn%r%gligrg:Si gnal s wi t hout
correlation velue detecting means for detecting a
correlation value of a plurality of sample informstion in the
vertical direction, a correlation value of a plurality of
sample information in the horizontal direction., and a
correlation value of a plurality of sample Iinformation in the
diagonal directions according to sample information of a
plurality of pixels position in the vicinity of said reference
sample position; and _
interpolation means for executing en interpolation for
said reference sample position according to samplé information
of pixzxels positioned in & direction having the greatest

correlation value detected by said correlation value detecting

mesans.

18. A signal processing apparatus as claimed in Claim 15,
vherein said image pickup element further includes first color
filters arrange din & checker state for said plurality of

pixels, second color filters, end third color filters, and

A



32 whi t-e-crush. Description wll now be directed to an imge pickup
apparatus according to a sixth enbodi ment. Fig. 21 is a block

diagram showing an exanple of configuration of the inage pickup
apparatus according to the sixth enbodinment including: a pickup |ens 101
for focusing; an optical filter 102 for renoving a high frequency conponent
fromthe picked-up light; a dichroic mrror 103 for splitting the picked-up
light into three primary colors Red, @&een, and Blue; a CCD i nage sensor

104R for %q}t@ét)tg Ngsd SOl Pr sﬁhg %' 1%& IR0 40 116 ¢Pi EkYEr | isQb1e
splitted; | rage sensor for outputting a color signal G and a
CCD i mage ivefroyara thi@4B ffrom ddtrptt pirgla onioh sogrespdhd to saiderfdrstthe CCD

| mage sensors 104R 104G and 104B are of the progressing scan type. As
shown in F‘?le DA LLtense aCéB“Pﬁa@B198n§8¥‘31§03fﬁf%ﬁ'&“1’€)‘2&if‘@“‘ar&?°ﬁ“§re

arranged i CM%:: t [ n t | agonal
directi onslpi’g'y]!Jl hv%én%é%%?.lc unE)H a%&ggéésd!{&go%ﬁeour?t 1'S(B'Illsn'cla% CL a
third color sample information from third pixels whlch

correspond to said third color filters.

17. A signal processing apparatus as claimed in Claim 1§,

wherein said correlation value detecting means detects as the
correlation value of sample information in the diagonal
directions, a correlation value of a first diagonal direction

including sample information of pixels positioned at wupper

right and lower 1left of said reference position and =

correlation value of a second diagonal direction including

sample information of pixels positioned at upper left and lower
right of said reference position.

18. A signal processing apparatus as ¢laimed in Claim 15,

said apparatus further comprising high frequency component
extracting means for extracting a high frequency component from
the output of said interpolation means and outputting the

extracted component as a high luminance semple information.

18. A signal processing apparatus as claimed in Claim 18,
said apparatus further comprising combine means for combining
the sample information outputted from sald imege pickup element

with sajid high frequency band luminance sample information.

A&M@%%a“@%%@z%z”



CDS/ AGC circuit 13 for executing a correl ated double sanpling and gain

control to the respective color signals fromthe CCD image sensors 104R,
104G and 104B; an A/D convert 14 for digitizing the color signals from
the CDS/AGC circuit 13; a DSP 15 for executing a digital signa

processing such as y-correction for the respective color signals from
the A/D converter; an LPF 17 for renoving a higher frequency conponent

33 fromthe color signals fromthe DSP 15; a buffer nmenory for storing the
color signals fromthe LPF 17; an ad#stive interpolation circuit 19

for executing an adaptive interpolation to the color signals fromthe

DSP 15; an HPEg 20 4 1gb§ﬁn¥f@&e§six‘f§"‘“ﬁiz phrePUENEY AQTReaeth drgam hige col or
si gnal s

fromthe adaptive Interpolation circuit 19 and generati ng
| um nanceheirgial sadfd autmgghmcﬂm@qlﬂrmpmta furither wempris2s fdorcodbari ng t he
| um nance ,signal of a higher frequency fromthe HPF 20; and an adder
circuit il ﬁgF syt h&regnnghepke BIoFeQ(EH%?s }ing, t$RAURRY AL néﬁEFy 18 and

T G o (ML B affoine ok AT

component of light, second color filters allowing to pass & red

component of light, and third color filters ellowing to pass
a blue component of light.

21. A signal processing apparatus for executing an
interpolation for an output from an image pickup element having
a plurality of pixels arranged in a matrix state and a
plurality of first color filters arranged in a checker state
corresponding to said plurality of pixels, a plurality of
second color filters, and a plurality of third color filters
and outputting a first c¢olor sample information from first
pixels which correspond to said first color filters, a second
color sample information from second pixels which correspond
to seid second color filters, and & third color sample
information from third pixels which correspond to said third
color filters, wherein said signal processing apparatus
comprises:

input means for inputting said first color sample
information, said second coler sample information, and said
third color sample information from said image pickup element;

storage means for tempofarily storing said first color

sample information, said second color sample information, and

Iy



af orenenti oned configuration, the adaptive interpolation circuit 19 is
supplied with the respective color signals R G and B fromthe DSP 15.
The" color signals R and G are stored in the quincunx arrangenment shown in
Fig. 23Ain an internal menory 19a of the adaptive interpolation circuit

19. The adaptive interpolation circuit 19 sets a pointer at a portion
of the qui ncunx arrangenent of the color signals R and Gto be

i nterpol ated and cal cul ates correlatiéfh in the vertical and the horizontal
directions 59

h d ' | h
directions& gﬁégiéslgsg %@¥§?ib#f%§ﬁ éaéﬁ%ﬁ' lﬁﬁg 2& hts9é |%P§?Bolat|on
circuit 1%eh§ssugﬁh|ed with the color signals mhlch have been adjusted in

white balance adjustnment to an identical level of Rand G Consequently,
is an attentlohnF%rmﬁﬁﬁiiﬂntmﬁ§msnforniﬁnenabinth% luminance component

34 | um nance, Si naI ont ai,ned i n t ata R an G, as shomn |n Fi g.
24, it catBHVELE dt§h£ ﬁﬂ}r‘h ﬁ‘éncg tgirgo REXEAS BY, Hed%En the
vi ci mt t yf qfndﬁﬂ-palbtiéxﬁrﬂcm&ltﬂ +60 co@%seausmél Ynf&hfaaipéﬁ QW tq@uat i on
is satisfie

from first pixels and second pixels which are positioned in the

vicinity of the respective third pixels.

2. A signal processing apparatus as claimed in Claim 21,
wherein said interpolation means generates a luminance
component equivalent to positions of said first pixels and said

second pixels from color sample information of these pixels.

23. A signal processing apparatus as claimed in Claim 21,
said apparatus further comprising high frequency component
extracting means for extracting a high frequency component from
the output of said interpolation means and outputting the

extracted component as a high frequency component luminance
sample information.

24. A signal processing apparatus &s claimed in Cleim 23,
said apparatus further comprising combine means for combining.
the first, the second, and the third color sample information
outputted from said image pickup element with said high

luminance sample information.

25. A signal processing apparatus as claimed in Claim 21,

IR



YO = ayl + bY2 + ¢cY3 + dY4 Note that the values of a to d are determ ned by
the pixel correlation in the vertical or the horizontal direction. Mor e
specifically, the adaptive interpolation circuit 19 calcul ates the | evel
difference in the horizontal direction between Y1 and Y2 and the vertical
direction between Y3 and Y4 and determ nes that the direction having a
smal l er level difference has a greater correl ation degree, in which
direction the interpolation of YO is gxecut ed. For exanple, if the

nor 2Nt aly dh b AR 195 687901 Rk bRy 0] g agcearanat i on

own 1 n 23B, the [um nance
signal ismeaherpor adebcatinghe stertlhtion vabws dior bharebitw aﬁ gedlos R and

G in the quincunx arrangenent and the resultant signals are su plled to the
HPF 20. TREPLPFiBEPFRAIARS 15 FdV&Rt#qaéqGéﬁ%9xkﬂﬂﬂp@n§HFrei?Eﬁﬁﬂlﬂ§ 88| or

S 00l S or 'k hiAfal 6y | UE BTG, 3aBEk, 1AFoRRakOOCRE U gaanee
signal of Q& hi reso I on. I S m nance signal IS supp via the
buf f er nerﬂ)irneo&:lidrp, tdid awldesred Yoslidn A 1uBhefaddeyluridldity o&2 ﬁidﬂle’:lnd

conbi nes the col or si nals R, %ﬁ and B supplied via the LPF 17 fromthe DSP
15 and t helnfigrmssien ngﬂms% Hi Rl onSe g #EAETAEBADPEACRP 12D SAMRLS

generate cploL SN Se@bma gﬂlfffﬁl.;}’t beh- pixels positioned in the

vicinity of a reference sample position within a frame composed
of the first, the second, and the third sample information
outputted from the respective pixels of said image pickup
element; wherein

said interpolation means executes an interpolation for
said reference sample position according to color sample
information of pixels positioned in a direction having the

greatest correlation value detected by said correlation value
detecting means.

26. A signal processing sapparatus for executing an
interpolation based on color semple information from a
plurality of pixels positioned in the vicinity of a reference
semple position within a frame composed by first, second, and
-third color sample information outputted form pixels of an
image pickup element having a plurality of pixels arrenged in
a matrix state and a pluraljty of first color filters arranged
in & checker state corresponding to said plurality of pixels,
a plurality of second color filters, and a plurality of third

color filters wherein the firﬁt color semple information is

gy,



35 “The color signals generated in the adder circuit 22 exhibit no
deterioration of a higher frequency zone as shown in Fig. 25B  conpared
to "the conventi onal spectrum characteristic shown in Fig. 25A

That is, the adaptive interpolation circuit 19 executes an approxi mte
adaptive interpolation so as to generate color signals of preferable inage
quality. As has been descri bed above, the inmage pickup apparatus 100
executes an interpolation in the vertigal or the horizontal direction

having a gnRgh’keRO s RnAld At SA AL WBELT 86 fésxbm NgHCceash 923l a
hi gher frequéency conponent, which is 1dentically added to the respective
col or sigralsrRfil}erand theobecoridromidirasemple | invrrnfatdgnebs youttiguttednabl i ng

to generate respective color signals of a high resolution and a preferable
i mage qualfinap second Rixgls whick aF°B§%?PQfé‘£cFPbe§ﬁidac§8FBPﬁg God o e
present igw |on, rehel gb.ls ' I L OK.. } | ed;

opposi ng pﬂxlg‘gszlsdr oal?(r?g ttht(:eeq"i&lﬁ?gr Egﬁg?i gﬁl"g%? n?ngﬁgﬁgqtﬁ hﬁﬁiueéﬂfsﬁ%egl S
gener at ed famoitdied pixdle whakhrcorgsdondofot beid vthi mY icodby £D1€dss,j n the
direction having a greater correlation, elimnating a |ower frequency
conponent, for S&if REBRFREYSt APRPT &4 AGHance signal of a high frequency and

Signal's of the AR v ERhE] Sl he PRERAECHP, IRAGLC
correlation value of & plurality of color sample information
in a vertical direction, a correlation value of a plurality of
color sample information in a horizontal direction, an& a
correlation value of a plurality of color sample information
in a diegonal direction, according to color sample information
of a plurality of pixels positioned in the vicinity of said
reference sample position;

dispersion degree detecting means for detecting a
dispersion degree of color sample information of a plurality
of pixels which corregpond to the third color filters
positioned in the vicinity of said reference example position;
and

interpolation means for executing an interpolation for
said reference sample position according to the_correlaq}oh
values excluding a correlation value in the direction raléted'
to an arrangement of said third color filters when said

dispersion degree is below a threshold value.

27. A signal processing apparatus as c¢leimed in Claim 26,

wherein said image pickup element is a color filter of

L



Accordi'ng to another aspect of the present invention, if
I nterpolated in a diagonal direction has a

36 small dispersion degree around it, no interpolation in the diagonal
direction is executed but the interpolation is executed in the vertical or
hori zontal direction having color signals having a high signal |evel
and having the aforenentioned greater correlation, thus enabling to
obtain an inage of a higher resol ut4dn. According to still another
aspect 0lgrbBR-PRESEIEs IHUGTBILENL (AL RPNtk PNy REAGYSE D L d Ne
respective color signals tetched i1n a Vertical, ‘horizontal, or diagonal

di recti orf iwtsitcleollas iftid tgreawhithcereckaloonfil bess enbldwing tto payw ove the
resolution of the direction of the |owest direction according.to the

resol ut | Jh EJEGP SUNRINeHe eéﬁE@?iv%ﬁ%ﬂrﬁiﬁ?P&ng? ?Feﬁ%ﬂ*eFﬁaﬁ ?ch are
Accor di g0y 9 1383681 13%ARE! 67 phUs B $38NLohBUROAL OB {ighe, RAREI DI e Lo
obtain an image of a high resolution independently of the apparatus type,
i.e., sirgig piletra toqie rorf hvletris- phdted ypecolor filters allowing to

pass 8 blue component of light.

a portion to be

28. An interpoclation method for executing an
interpoletion according to sample information from & plurality
of pixels positioned in the vicinity of a reference sample
position within & frame composed by sample information
outputted from an image pickup element having a plurality of
pixels arranged in a matrix state, each pixel outputting =a
sample information according & received light quantity, said
interpolation methed comprising steps of:

detecting for said reference sample position 2 correlation
value of a plurslity of sample information in & vertical
direction. & correlation value of a plurality of sample
information in & horizontal direction, and a correlation value
of a plurelity of sample information in a diagonal directio@.
according to sample information from & plurality of pixels
positioned in the vicinity of said reference sample positi@n,

and

executing interpolation for said reference sample
position according to a sample information of pixels positioned

in a direction having the greatest correlation value detected.

UL



37 WHAT TS CLAIMED | S 1. An inmage pickup apparatus conprising:

an i mage pickup elenent having a plurality of pixels arranged in a matrix
state, each pixel outputting a sanple information according to a |ight
recei ved; correlation val ue detecting nmeans based on sanpl e
information froma plurality of pixels positioned in the vicinity of a
reference sanple position wthin a frame conposed by the sanple
informati on outputted fromthe respecbDve pixels of said inage pickup

el ement, for dgdeqh AftdrsOldGlodl nBRhY@! 6 eRecBtPhy a4 ifnteRbotatPbe
information in a horizontal direction, a correlation value of a plurality

of sanpl etd némrowtipiudn oifn aa dwagecpickup eelémant having @r pdhaeldbyvef ue of a
plural ity ofe1 8200 Enk 060N TR Aherl2 HAL W A" SELE 108 e £irse
color filters arranged in a checker state corresponding to said
plurality of pixels, a plurality of second color filters, aand
a plurality of third color filters and outputting a first coler

sample information from first pixels which correspond to ssid

first color filters, a second color sample information from

second pixels which correspond to sajid second color filters;
and a third color sample information from third pixels which
correspond to said third color filters, said method comprising
steps of:

inputting said first color sample information, said second
color sample informetion, sand said third color

sample
information from said image pickup element;

temporarily storing said first color sample information,
said second color sample information, and said third color
sample information which have been inputted; dénd

generating by way of interpolation a luminance component
equivalent to positions of said third pixels, according to
color sample information outputted from the first pixels and

the second pixels positioned in the vicinity of the respective-
third pixels.

30. An interpolation method for executing an
interpolation besed on color semple information from =&

plurality of pixels positioned in the vicinity of a reference

* [+ L M 5 *



I nterpol ati on neans based on the sanple information of the pixels

positioned in the direction having the greatest <correlation value detected
by said correlation value detecting neans, for executing an interpolation
for said reference sanple position. 2. An image pickup appar atus
as claimed in Caiml, wherein said inmage pickup elenment further includes
first color filters, second color filters, and third color filters

provided for each of the pixels, saiélfirst coloy filters being arranged
o o oo 5438005 Py Al Moo R Pl Gone 7 AT
color fil{Ri{sd Bo$860RdMERLONngdTMeEion outputted form pixels of an
38 informati on from second pi xels which correspond to the second
image pickup element having a plurality of pixels arranged in
a matrix state and a plurality of first color filters arranged
in a checker state corresponding to said plurelity of pixels,
a plurality of second color filters, and a plurality of third
color filters wherein the first color sample information is
outputted from first pixels which correspond to said first
color filters, the second color sample information is outputted
from second pixels which correspond to said second color
filters, and the third color sample information is outputted
from third pixels which correspond to said third color filters,
said method comprising steps of:
detecting e correlation value of a plurality of color
sample information in a vertical direction, a correlation value
of a plurality of color sample information in a horizontal
direction, and a correlation value of a plurality of color
semple information in a diagonal direct%on, according to color
sample information of a plurality of pixels positioned in the
vicinity of said reference sample position;
detecting & dispersion degree of color sample information
of a plurality of pixels which correspond to the third color
filters positioned in the vicinity of said reference example
position; and
executing an interpolation for said reference sample
position according to the correlation values excluding a

correlation velue in the direction related to an arrangement

L



color filters, and a third color sanple information fromthird pixels

whi ch correspond to the third color filters. 3. An inmage pickup
apparatus as clainmed in Claiml, wherein said correlation value detecting
means detects a correlation value in a first diagonal direction including
sanple information of pixels positioned at upper right and |ower |eft of
said reference sanple position and a cegrelation value in a second

di agonal direction including sanple information of pixels positioned at
upper | ef tofansiaidwehirdglbloof fiaitd rsefdlennca igargl spdradidn Medfed Nes
correlatiqn value in a diagonal direction. 4. An inmage pickup
appar at us SR & FFeshoddaivalye .sai d  apparatus further conprising high
frequency extracting neans for extracting a high frequency conponent from
the output from said interpolation nmeans and outputting the obtained
conponent as a high frequency band | um nance sanple information.



5. An image pickup apparatus as clained in daim4, said
further conprising conbi ne neans for conbining the
outputted fromsaid pickup elenent with said

appar at us
sanpl e information
hi gh frequency band

| um nance sanpl e information. 6. An image pickup apparatus as
clained in daim2, wherein said first color filters are made from col or
filters

39 allowing to pass a green
conponent of light; said second color filters are made fromcolor filters

allowing to pass a red conponent of ligh8; and said third color filters are
made from ol fuadh! £ fikyi! AGMARANSS APENG Al UAvETRIDERIOW FUNGoN  hese
color filters berng arranged 1n a G een-checkers and Red/ Bl ue |ine
sequenti al ABSTRACT ati on. 7. An i mage pickup apparatus

conpri si ng; a pi ckup el enent having a Iuralitg of pixels arranged in a
matrix state andtBf BresERttinymtiopsenghbien o pPEpin andargecef & MeEbt ers,

and third cebep1litibg" SasSaldabbhabid! | LoEEsPCRHYI Ue1239€%d M adaptive
interpolation circuit which is supplied by image data R, G, and
B which have been subjected to a white balance adjustment in
a DSP and an R-G image is combined in an internal memory. The
adeptive interpolation circuit calculates correlation degrees
in & vertical direction, a horizontal direction, and diagonal
directions. If an interpolation is executed according to the
R-G image in the direction having the greatest correlation
degree, no LPF processing is executed, i.e., no resolution
deterioration is caused in a direction whiéh orthogonally
intersects the aforementioned direction. That is, the adaptive
interpolation circuit enadbles to enhance a resolution by
executing an interpolation according to the correlation of the

image data around a portion to be interpolated.

Figure 12



a checker state for said plurality of pixels, wherein said pi ckup

el enent outputs a first color sanple information fromfirst pixels which
correspond to the first color filters, a second color sanple information
from second pixels which correspond to the second color filters, and a
third sanple information fromthird pixels which correspond to the third
color filters, and i nterpol ati on neans for generating a | um nance

| evel conponent equivalent to the positions od said third pixels by way
of interpolation according to color sawpBe information outputted fromthe
first and the second pixels positioned in the vicinity of the third

pi xel s. 8. An image pickup apparatus as clainmed in Claim?7,
wherein said interpol ati on nmeans generates a | um nance | evel conponent
equi valent to positions of said first and said second

40 pixels fromthe color sanple informati on of the pixels thenselves.
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8. An image pickup apparatus as clained in Caim?7, said apparatus
further conprising high frequency conponent extracting nmeans for
extracting a high frequency conponent fromthe output fromsaid
i nterpol ation neans and outputting the resultant conponent as a high
frequency band | um nance sanple information. 10. An image pickup
apparatus as clained in Claim9, said apparatus further conprising conbine
nmeans for conbining the first, the second, and the third color sanple
information outputted fromsaid pickupmel enent with said high frequency
band | um nance sanpl e information. 11. An inmage pickup apparatus as
clainmed in aim7, wherein said first color filters are nade from col or
filters allowing to pass a green co nent of light; said second col or
filters are nmade fromcolor filters al ing to pass a red conponent of
lights and said third color filters %ﬁ de from cglor filters allow ng
thgxrs

to pass a bl ue conponent of I|ight, color filtg¥rs being arranged in a
G een- checkers and Red/ Bl ue &£50
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| i ne sequential configuration. 12. An inmage pickup apparatus as
claimed in daim?7, said apparatus further conprising correlation val ue
det ecti ng neans 41 based on col or
sanple information froma plurality of pixels positioned in the vicinity of
a reference sanple possition wthin a frame conposed by the first, second,
and third sanple information outputted fromthe respective pixels of said
i mage pickup elenment, for detecting a3édBrel ation value of a plurality of

col or sanpl e infornmati orf= DOITCI nCED SAMPLINGINTERVAX r el ation val ue of
nfQr i in LL

a plurality of color s ertical direction, and a
correlation value of ﬂol&% Rt @1| BYl{d&G | ERNRIG|i nformation in a di agonal
direction, wherein = T eSS execut es, based on the
col or G|IB||G]|B||G]l|B]||G
RI|G|IR]JIG]||IR|[]G||R]|G
cglieljaiiBl|G||B||G]|B
RI|Gj|R||G}|R||GI|IR]]G
Gi|B|l|G]||Bl]|Gi|Bl|G||B
FIG.3
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sanpl e*information of the pixels positioned in the direction having the
greatest correlation value detected by said correlation val ue detecting
means, interpolation for said reference sanple position. 13. An

i mage pi ckup apparatus conpri si ng: a pickup elenent having a plurality
of pixels arranged in a matrix state and a plurality of first color
filters, second color filters, and third color filters, said first filters
bei ng arranged in a checker state for said plurality of pixels; wherein
sai d pi ckup el ement outputs a first @18 sanple information from first

pi xel s which correspond to the A1 N or filters, a second col or sanple
I nformation from second pi xerespond to the second col or

filters, and a third sanple inToTTErTO romthird pixels which correspond

to  the third COl Quieimbi=gwes S1 42
correl ati on val ue waimmmewmmsmmeavﬂke-(nf ormati on from a
plurality of pixel bl '

S2
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vicinity of a reference sanple position within a frane conposed by the
first, second, and third sanple information outputted fromthe respective
pi xel s of said image pickup elenent, for detecting a correlation value of a
plurality of color sanple information in a horizontal direction, a
correlation value of a plurality of color sanple information in a vertical
direction, and a correlation value of g/pgurality of color sanple
information in a diagonal direction, di spersi on degree detecting neans
for detecting a dispersion degree Ior sanple information of a
plurality of pixels corresponding togfhe third color filters positioned in
the vicinity of said re~eserco—sapl-8—pos ol—aRg  §7ginterpolation
means for executing int ALAILAN E ; e de~sdnpl e position
according to the corrella : Qe_dorrelation value in the
direction related to the position of sald anrd color filters when said

di spersion degree is below a thresheftd €. na 812 An image pickup
apparatus as clainmed in d ai «i@iﬁ» eRup dl enent is of a

G een-checkers Red/Blue |ine sequ@ - be_consi sting of
first color filters allowng to pass l'i ght, second
color filters allowing to pass a red eeH add third color

filters allowing to pass a 8l8e conpa‘ent-- melLL
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43 - 15. A signal processing apparatus for executing an interpolation
based on a reference sanple position within a frane conposed by sanpl e
information outputted froma plurality of pixels arranged in a matrix state
and provided in an inmage pickup el ement which outputs sanple information

according to a light quantity received by each of the pixels,
said interpolation being executed according to sanple information of pixels
around sai d reference sanple position, sai d apparatus conpri sing:

correl ation val ue detecting neans foﬁ/H%tecting a correlation value of a
plurality of sanple information in the vertical direction, a correlation
value of a plurality of sanple information in the horizontal direction, and
a correlation value of a plurality of sanple information in the diagonal
directions according to sangple_information of a plurality of pixels
position in the vicinity of sgrfryef € ence sanple position; and

i nterpol ati on neans for exe begeaia| Nt er pol ation for said reference
sanpl e position according to sagple information _of pixels positioned in a
direction having t : . vl ueS3dt ect ed by said
correlation val ue {{EeRERd R el B 8.~ A signal processing
appar at us as Cl ai Nicmtmlage=-is waet=ad=eesal d | Mage pi ckup el enent
further includes first co

DISPERSION
s >
?
INTERPOLATION
833 YES IN VERTICAL
OR HORIZONTAL
INTERPOLATION DIRECTION

IN A DIAGONAL
BIRECTION'

FIG.8
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filters arrange din a checker state for said plurality of pixels, second
color filters, and third color filters, and

44 outputs as said sanple information a first color sanple information from
first pixels which correspond to said first color filters, a second col or
sanple informati on from second pi xel s which correspond to said second col or
filters, and a third color sanple information fromthird pixels which
correspond to said third color filters. 17. A signal processing
apparatus as clainmed in Caiml1l5, mhegghP said correl ati on val ue detecting
means detects as the correlation value'of sanple information in the

di agonal directions, a correlation value of a first diagonal direction

i ncl udi ng sanple informati on of pixels positioned at upper right and | ower
| eft of said reference position and a correlation value of a second

di agonal direction including (=S| aTdlag:} M Maly pi xel s positioned at
upper left and | ower right of @mfﬁncﬁo i Rijon.
G

Y G| 1Y G

_5_ G R| |G R

vi] [w] [v] [w] [w
vd| [vd] [w] [ve] [
vi| [va] (] s ]
vH] [ve] ] ] [w]
@ vi| fwd] ] [ve
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18. A signa

further conprising high frequency conponent
extracting a high frequency conponent from
i nterpol ati on nmeans and out putting the
| um nance sanpl e information.
clainmed in Caim18,

conbi ni ng

45

20. A signal

19. A signal

processi ng apparatus as clainmed in Caim 15,

sai d appar at us

extracting neans for

t he out put of said

extracted conponent as a high

processi ng apparatus as

sai d apparatus further conprising conbi ne neans for

if%;

e infornmation.

Slclainmed in daim15, wherein
filter
elconsisting of first color
second color filters

col or

i ght,

the sanple informati on outguad ed from said i mage pi ckup el enent
wi th said high frequency band | um nance

processi ng appagsat ys
sai d i mage pickup el ement further cd®

Green-checkers Red/Blue |ine sequenti al
filters allowing to pass a green conpongnt®o0

of

allowing to pass a red conponent of lighij Aanhd third color filters allow ng
to pass a bl ue conponent of Iight.
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21. A°signal processing apparatus for executing an interpolation for an
out put from an i mage pickup el enent having a plurality of pixels arranged
in amtrix state and a plurality of first color filters arranged in a
checker state corresponding to said plurality of pixels, a plurality of
second color filters, and a plurality of third color filters and outputting
a first color sanple information fromfirst pixels which correspond to said
first color filters, a second color sagpjg information fromsecond pixels
whi ch correspond to said second color filterfSgahd a third color sanple
information fromthird pixels which corr tp said third color filters,
wherei n said signal processing apparatus CON Sés: | nput neans for

i nputting said first color sanple informtifo $ai d second col or sanpl e
information, and said_ third color sanple inkefgati on fromsaid imge

pi ckup el ement; t orage neans for tenpdt &fily storing said first

col or sanple inforpe=en, said second cepor Lsadple information], and

46 said third col or g%@§le i nformati orf st¢pl qg romsaid i nput{ neans; and
i nt er pol ati on neans ©oKS JeneratT T o~Hung chnpient
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equi valent to positions of said third pixels by way of interpolation
according to color sanple information outputted fromfirst pixels and
second pi xels which are positioned in the vicinity of the respective third
pi xel s. 22. A signal processing apparatus as clainmed in Caim?2l
wherein said interpolati on neans generates a | um nance conponent

equi valent to positions of said first pixels and said second pixels from
col or sanple information of these pixels. 23. A signal processing
apparatus as clainmed in Caim?2l, sabdlapparatus further conprising high
frequency conponent extracting neans for extracting a high frequency

conponent from the output of said igierpolati nmeans and out putting the
extracted conponent as a high freque®y conpog: | um nance sanpl e
i nformation. 24. A signal prQ@essing Gﬁﬁsratus as claimed in Caim
23, sai d apparatus further conprisigg conbi Beans for conbining the
first, the second, and the third col sanpleg ormation
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outputted fromsaid i mage pickup el ement with said high | um nance sanpl e
i nformation. 25. A signal processing apparatus as clainmed in Caim
21, 47 sai d apparatus further
conprising correlation value detecting neans for detecting a correlation
value of a plurality of color sanple information in a vertical direction,
a correlation value of a plurality of color sanple information in a
horizontal direction, and a correlation value of a plurality of sanple
information in diagonal directions, according to color sanmple information
froma plurality of pixels positioned +h/#8e vicinity of a reference sanple
position within a frame conposed of the first. the second, and the third
sanple information outputted fromthe respective pixels of said inmge

pi ckup el ement; wherein
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said interpolation nmeans executes an interpolation for said reference
sanpl e position according to color sanple information of pixels positioned
in a direction having the greatest correlation value detected by said

correlation val ue detecting means. 26. A signal processing
apparatus for executing an i nterpol ati on based on col or sanple
information froma

plurality of pixels positioned in the vicinity of a
reference sanple position within a frame conposed by first, second, and
third color sanple information outpuiﬁygaforn1pixels of an i mge pickup
el ement having a plurality of pixels arranged in a matrix state and a
plurality of first color filters arranged in a checker state correspondi ng
to said plurality of pixels, a plurality of second color filters, and a

plurality of third color filters wherein the first col or sanple
information is

48
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outputted fromfirst pixels which correspond to said first color filters,
the second color sanple information is outputted from second pi xel s which
correspond to said second color filters, and the third color sanple
information is outputted fromthird pixels which correspond to said third
color filters, sai d apparatus conpri sing: correlation value
detecting neans for detecting a correlation value of a plurality of

col or sanple information in a verti0f£ gérection, a correlation value of a
plurality of color sanple infornmation {h%a hori zont al direction, and a
correlation value of a plurality of color sanple information in a diagonal
direction, according to color sanple infornation&ﬁ a plurality of pixels
positioned in the vicinity of said reference saugl e position;

di spersi on degree dgbaﬁééﬂ | neans” TorT et ect1Mg a -dispersron degree of

col or sanpl e informti og—aia.pluraljity of kael S which cor riespond to the
third color filters pquﬁi@néE in the vi y of said referience exanple
position; and interpdl afi on nearn executing an intlerpolation for
sai d reference sanpl e positioh accordi the correl ation i val ues
excluding a correl ation vaﬁue in the d on@2l ated to in arr angemnent
of said third color filters when said dyspergion degree is Ppelow a

threshol d val ue. 27. A 9pona SwWep Wﬁb?s als claimed in
' ; or fgq ter of

in

Claim 26, wherein said ingge
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49 Green-checkers Red/Blue |line sequential type consisting of said first
colof filters which are color filters allowing to pass a green conponent of
| ight, said second color filters which are color filters allowing to pass a
red conponent of light, and said third color filters which are col or
filters allowwng to pass a blue conponent of |ight. 28. An
interpolation nethod for executing an interpolation according to sanple
information froma plurality of pixels positioned in the vicinity of a
reference sanple position within a frape conposed by sanple information

out putted from an inmage pickup elenéﬁ{qﬁaving a plurality of pixels
arranged in a matri x state, each pixel outputting a sanple information
according a received light quantity, said interpolation nethod conprising
steps of: detecting for said reference sanple position a correl ation
value of a plurality of sanple information in a vertical direction, a
correlation value of a plurality of sanple information in a horizontal
direction, and a correlation value of a plurality of sanple information in
a diagonal direction, according to sanple information froma plurality of

pixels positioned in the vicinity of said referenceé@kﬁple position, and
executing interpolation for said reference sapple
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posi ti.on according to a sanple infornmation of pixels positioned in a
direction having the greatest correlation val ue detected.

50 29. An interpol ation nmethod for executing an interpolation to an

out put of an image pickup el enent having a plurality of pixels arranged in
a matrix state and a plurality of first color filters arranged in a checker
state corresponding to said plurality of pixels, a plurality of second
color filters, and a plurality of third color filters and outputting a
first color sanple information fron1firs& pi xel s which correspond to said
first color filters, a second col or sarPIt& i nformation from second pi xel s
whi ch correspond to said second color filters, and a third color sanple
information fromthird pixels which correspond to said third color filters,
said nethod conprising steps of: inputting said first color sanple
information, said second color sanple inforBbACKeCRUSH said third col or
sanple information from said i mage piﬁ?p e ettt tenporarily storing
said first color sanple information, H
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sai d second col or sanple information, and said third col or sanple

i nformati on which have been inputted; and generating by way of

i nterpol ation a | um nance conponent equivalent to positions of said third
pi xel s, according to color sanple information outputted fromthe first

pi xel s and the second pixels positioned in the vicinity of the respective
third pixels. 30. An interpolation nethod for executing an
i nt er pol ati on based on col or sanple iMprgmtion froma plurality of pixels
positioned in the vicinity of a referen
51 sanple position within a frane %ﬁnpo ed by first, second, and third
col or sanple information outputted z\xel s of an 1inmage pickup el enent
having a plurality of pixels arranged i ' tate and a plurality of

first color filters arranged (2] -
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in a checker state corresponding to said plurality of pixels, a plurality
of second color filters, and a plurality of third color filters wherein the
first color sanple information is outputted fromfirst pixels which
correspond to said first color filters, the second col or sanple
information is outputted from second pixels which correspond to said
second color filters, and the third color sanple information is outputted
fromthird pixels which correspond to said third color filters, sai d
met hod conprising steps of: det ek¥7/h® a correl ati on value of a
plurality of color sanple information in a vertical direction, a
correlation value of a plurality of color sanple information in a
horizontal direction, and a correlation value of a plurality of color
sanple information in a diagonal AiREMi on, according to color sanple
information of a plurality of pixek!‘ﬁositioned inthe wvicinity of said
reference sanpl e position t ectr a ppygpersi on degree of col or
sanple information of a Erali@of ﬂ@ls @ch correspond to the third

col or filters positionedir(g e v rrntyggj sai ef erence exanpl e
position; and executi n i Arpol on f said reference sanple
position according to the‘ﬂrel Tjon nﬁjesml uding a correl ation
value in the direction rel d th.dn arlahge '
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