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TITLE OF THE ltM:NTION 

Cl~, Ct 40 ~; ·~. - ""' 

JPOS 

Image Pickup Apparatus Having an Interpolation Function 

BACKGRQUND OF THE INVEHTION 

Field of the Inyention 

Present invention relates to a signal processing apparatus 

for increasing a resolution of a pickup imace data by wa~ 0£ 

interpolation. 

pescr1ptipn of the Related Art 

Conventionally, there is known a single-plate type video 

camera using a single color ccp, However, as shown in Fig. l, 

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, us.e of a 

plurality of CCD costs much and requires a complicated 

configuration of the apparatus. 

There is also known a te·chn·ique to obtain a high 

resolution by- wobbling the COD position by a bimorph or the 

like so as to combine & plurality of f~ame images obtained at 

different positions. However. this me.tho4 also has a problem 

that the met·hod is too much coniplicated. 

SUMMARY OF THE UiYENTIQl'i 

It is therefore a.n object .of the present invention to 

provide a signal processing apparatus enabling to obtain an 

image of a. high resolution by way of interpolation of an image 
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data picked-up. 

The present invention provides an image pickup apparatus 

comprising: an image pickup element having a plurality of 

pixels arran~ed in a matrix state, each pixel outputting a 

sample information according to a light received; correlation 

value detecting means based on sample information from a 

plurality of pixels positioned in the vicinity of a reference 

sample within a 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 a 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 havin~ the greatest correlation value detected by the 

correlation value detecting means, for e:x:ecuting an 

interpolation for the reference sample position. 

According to another aspect of the present invention, 

there is also provided a signal process·i,ng -.pparatus for 

executing an interpolation based on a refer·ence sample pos1 ti on 

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 
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apparatus comprising: correlation value detecting means for 

detecting a correlation value of a plurality of sample 

information 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 information 

in the diagonal directions according to sample 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 detectin~ 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 positioned in the vicinitf 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 detectine; for the reference sample position a 

correlation value of a plu·ralit1" of sample information in a 

vertical direction, a correlation value of a plurality of 

sample information in a horizontal direction, and a correlation 

value of a plurality of sample informa.tion in a diagonal 

direction. according to sample information from a plurality of 

pixels positioned in the vicinity of the reference sample 
I 
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position. 

the interpolation is executed for the reference sample 

position according to a sample information of pixels positioned 

in a direction having the greatest correlation value detected. 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

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 image pickup apparatus in a form of checkers. 

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

in an· internal memory. 

Fig. 5 shows an arrangement of luminance signal 

information items of the R-G image data. 

Fig. 6 is a flowchart for explanation of an adaptive 

interpola.tion. 

Fig. 7 is a flowchart for explanation of an adaptive 

interpolation.~ 

Fig. 8 is a. fiowch·art for explanation of an adaptive 

interpolation. 

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

when executing an e.d.aptive interpolation according to the 

dispersion degree:. 

Fig. 10 shows an arrangement of the R-G image a.nd a 
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luminance signal Y after executing the interpolation 

processing. 

Fig. 11 shows a state when a luminance signal YH of a 

higher frequency component is generated. 

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

image pickup apparatus according to a 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 pic~up apparatus. 

Fig. 16 is a block diagram showing a configuration of an 

adaptive interpol.a.tion section of the aforementioned image 

pickup apparatus. 

Fig. 17 is a block diagram showing a configuration of an 

image combine section of the aforementioned image pickup 

apparatus. 

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

data. 

Fig. 19 is a block diagram showing a configuration of 

another image combine section of the aforementioned image 

pickup apparatus. 
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Fig. 20A to Fig. ZOD show signal level states of an image 

data. 

Fig. 21 is a block diagram showing a configuration of an 

image pickup apparatus accordi~g 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 

data R and G stored "in the adaptive interp.olation circuit and 

the arrangement of the luminance signal T interpolated. 

Fig. 24 explains an adaptive interpolation in the adaptive 

interpolation circuit. 

Fig. 25A shows a spectrum characteristic of a conventional 

image data, and Fig. 25B shows a spectrum characteristic of an 

image data which has been adaptive-interpolate. 

pETAILED DESCRIPTION QF ERBFERBED EMJ?OPIMENTS 
I . . 

Description will now be directed .to embodiments of the 

present invention with reference to the attached dr~wings. 

An lmage pickup apparatus according to a first embodiment 

of the present invention is a single-plate type, enabling to 

obtain a high resolution, for example, by synthesizing a high 

frequency lwninance 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 
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sensor 11 driven by a CCD driver 12; a correlated double 

sampling/automatic gain control (CDS/AGC) circuit 13; an A/D 

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

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

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

an adder circuit 22; and a video encoder 23. 

The CCD image sensor 11 is, for example, a progressive 

scan type consisting of, for example, checker arrangements 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 1 ight for supply to the CDS/ AGC 

circuit 13. 

The CDS/AGO circuit 13 sampling-holds a precharge level 

and a. data level for each of the colo.r signals and detects 

differences so ·as to detect an acc.urate signal level for 

removing a random noise, and further.automatically controls the 

gain of the CDS/AGO cir.cuit itself_ ·acc.or~ing to the intensity 

of the respective signa~s so ·as to ·always output a pickup 

signal of a stable signal ley.el ~ . .·· . 

The A/D c~nverter 14 is des 1 gned so as to be driven 

accordin~ to a sampling pulse and to convert the respective 

color signals from the CDS/AGO circuit 13, into digital signals 

for supply to the DSP 15. 

The DSP 15 executes a so-called digital signal processing 

such as v-correction and knee processing to the respective 

color data and supplies the obtained color signals of the three 
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primar~ colors to the LPF 17 and to the adaptive interpolation 

circuit 19. 

The LPF 17 cuts off higher frequency components of the 

respective color signals R. G, and B and supplies color data 

RL. Gl, and BL of low frequency component& through the buffer 

memory 18 to the adder circuit Z2. 

On the other hand, the adaptive interpolation circuit 19 

calculates a local pixel correlation from the color signals R 

and G and executes interpolation with a pixel which maximizes 

the correlation so as to obtain a luminance signal of a high 

resolution. 

Here, the adaptive ·1nterpolation circuit 19 is supplied 

with color &ignal R. G, and B which have been subjected to a 

white balance adjustment in the DSP 15 so that, as shown in 

Fig. 4, an R image and a G image are combined. Because the 

color signal R and the color signal G have be·en adjusted in the 
. . . . ~ . . ·. 

white balance adjustment to have an almost identical signal 

level, i'f an attention is paid· on the inf.ormation of the 

luminance signal Y of the c·olor · s"icnals R and G, in the 

vicinity of 3 x 3 surrounded by a dotted line in· Pig. 4, it can 

be assumed that the luminance •ignals Yl to YB are arranged as 

shown in Fig. 5. 

The correlation s can be ·defined for ·a ·pixel string Yn of 

a. particular direction as _follows. 

S = min(Yn)/max(Yn) 

Note that s s l and the maximum correlation is obtained when 

a = l. 
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If the correlation is calculated for each of the Yertical, 

horizontal, and inclined directions, and interpolation is 

executed in a direction 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. 6 1 starting 

with step Sl. 

In step Sl, the adaptive interpolation circuit 19 fetches 

only the color signals R and G into an internal memory lQa so 

as to obtain the R-G image of Fig. 4, an4 control is passed to 

step sz. 
In step SZ, a pointer is set at the initial image 

interpolation point and control is passed to step S3. 

In step S3, the adaptive interpolatfon circuit 19 

calculates a cQrrelation a of the vertical direction. Here, 

the vertical correlation. a is calculated according to an 

equation as follows. 

a = min (Yn)/max (Yn) 

min (Yn) = min'(Yl, Y4, Y7) ·min (YZ, Y8) ·min (Y3, Y6, 

Y9) 

max (Yn) = ma.x (Yl, Y4, Y7} ·max (Y2, YB) ·max (Y3, Y6. 

Y9) 
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The adaptive interpolation circuit 19 substttutes the 

calculated "a" for a variable X and sets A for a flag 

correspondini to this variable X. Control is passed to step 

S4. 

In step S4. the adaptive interpolation circuit 19 

calculates the horizontal correlation "b 11 ·according to an 

equation as follows, and control is passed to step S5. 

b = min (Yn)/max (Yn) 

min (Yn) = min (Yl, Y2. Y3) ·min (Y4. Y5) · min (Y7, YB, 

Y9) 

max {Yn) = max (Yl, Y2. Y3) · max (Y4, Y5) · max (Y7, Y8, 

Y9) 

In step S5, the adaptive interpolation circuit 19, for 

comparison of the vertical correlation to the horizontal 

correlation, detects "'7hether the va.lue x is greater than the 

correlation b. If Xis greater, control is passed to step S7, 
,. . ... 

and if Xis not gr~ater.,control is passed to step sa. 
In step S6, the a"daptive in~erpolation circuit 19 

substitutes the correlation b for the varia·ble X and sets a 

f la.g for B, p_as~ing c.ontrol to step S7. 
~ . ·•. 

In step 87, the a.daptive interpolation circuit calculates 

a correlation "c" in the direction connecting the upper left 

to the lower right. (w:h1.ch .. wt.l.l be referred to as a first 

diagonal direction) according to an equatio.ti as fallows, and 
. .. 

control is passed to step SB. 

c • min {Yn)/max (Yn) 

min (Yn) = min (Y2, YB) min (Y4, YB) 
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max (Yn) =max (Y2. Y6) · max {Y4, YB) 

In step SB. 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 

SlO shown in Fig. 7, and if the variable Xis not greater than 

the value c. control is passed to step se. 
In step S9, the adaptive interpolation circuit 19 

substitutes the value of the correlatiop c for the variable X 

and set a flag for C, passing control to step 510. 

In step SlO, the adaptive interpolation circuit 19 

calculates a correlation "d" 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 (Y.Z, Y4) 

max (Yn) = max (Y2, Y4) 
" 

min (Y6. YB) 

max (Y6. YB) 

In step Sll ,. the adaptive interpolation circuit 19 detect.s 

whether the correlation is greater than the variable X. If the 

variable x·· is grea.t·er, control is passed to step Sl3. 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' Sl3, the adaptive interpolation circuit 19 

determines whether the flag set for the variable X is A. If 

the flag is A, interpolation of the vertical direction is 
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executed (step Sl4) and if the flag is not A. control is passed 

to step Sl5. In step S14, the adaptive interpolation circuit 

19 calculates an average of the luminance signals Y in the 

vertical direction for Y5 such as (Y2 + YS)/2 and executes 

interpolation of the vertical direction. 

in step Sl5, the adaptive interpolation circuit 19 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 is passed to step Sl 7. in step Sl6, the 

adaptive interpolation circuit 19 calculates an average of 

luminance sig~als in the horizontal direction for YS such as 

(Y4 + Y6) /2 and executes interpolation of the horizontal 

direction. 

In step Sl"l. the adaptive interpolation circuit 19 detects 

whether the flag is C. If the flag is C, inte~p9lation of the 

first diagonal direction i$ e;ce~u,ted (st.ep S18) and if the flag­

is not c. control is pa~sed .to step ~19. In step 18. the 

adaptive interpolation circuit 19 calculates an average of the 

luminance st~a_ls Y of the !irst diagonal direction for Y5 such 

as (Yl + Y9)12 and executes th~ interpolation ot this diagonal 

direction. 

In step Sl9, the adaptive interpolation circuit 19 detects 

whether the flag is :··:o :·-: : tt" ~the flag· is f"ound to be DI 

interpolation of the __ second. diagonal direction is executed 

(step s20). and if the flat ls ·not D ,· control ·is pa.ssed to step 

S21. In step s20·, the adaptive interpolation circuit 19 

calculates an average of the luminance signals Y of the second 



=:-:-:=====--=-=-=-=-========------------··------ -~------·------···-- -

13 

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

interpolation of this diaronal direction. 

In step 521. the adaptive interpolation circuit 19 sets 

a pointer at a following image interpolation point and passes 

control to step S22. 

In step S2Z, the adaptive interpolation circuit 19 detects 

~hether the pointer has been set at the last image 

interpolation point. If the pointer is found to be set at the 

last imag-e 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 SS and after. 

As has thus far been described, the adaptive interpolation 

circuit 19 can represent the adaptive interpolation as follows: 

Y5 ~ aYl + bY2 + cY3 + dY4 + eYe + fY7 + gY8 + hY9, 

so as to obtain the correlation of the s·urrounding pixels and 

set a. to h, thus enabling to execute the optimal adaptive 

interpolation. It should be noted that instead of the 

correlation, it is possible to calculate according to 

similarities between the pixels. . . ' 
Here, in'..step·· s·1s and step szo, a subroutine shown in Fig. 

8 is executed. 

In step S31, the adaptive interpolation circuit 19 

calculates a dispersion degree a of the color signal R in the 

vicinity of the pointer. 

A dispersion degree ·a of the same color indicates a 

dispersion of a difference from the average value in a local 
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vicinity. For example, if the dispersion degree o is small. 

the correlations of that color are identical in any of the 

directions and no effect of the adaptive interpolation is 

obtained. That is, if oR is small, it is sufficient to execute 
the adaptive interpolation of the vertical and horizontal . . .. 

directions for t·he color· signal G without using the color 

signal R. 

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

a color = min (all the pixels the color)/max (all the 
pixels of the color), 

then the case of Fig. 9 is expressed as follows: 

oR =min (Rl. R2i. R3, R4)/max (Rl, R2, RS, R4). 

In step .S32, the adaptive interpolation circuit 19 

detects whether the disper~-~on degree a. is greater th.an a 
predetermined value. If the dispersion degr•e is greater than .. ,. . 
the predetermined value, control is passed to step S33, and if ..... ·.· . ... .... . ... . ....... . 

not greater. control is passed to .step S34 .. . 

In step S33. the adap·tive interpolation cireui t 19 
executes interpolation of the diagonal directions as follows. 

. . . 
If a processing ·from."$tep SlB is executed, interpolation of the ' . . .. 
first diagonal direction is executed. If a processin~ from 

step S20 is executed, interpolation of the secop.d diagonal 
• • • .• u.• . 

direction is executed, ·te:rm-inating 'the .. subroutine. ,/ ~ . . . . .. 

On the other hand, if in step 532, the.~ispersion degree 
o is found not greater than the predetermined value. control 
is passed to step 834 where the adaptive interpolation circuit 
19 executes an interpolation in the vertical direction having 
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the correlation "a" calculated in step S3 or in the horizontal 

direction having the correlation "b" calculated in step S4. 

If a is greater than b, a vertical interpolation is executed, 

and if a is smaller than b, a horizontal interpolation is 

executed, terminating the subroutine. 

That is, in the adaptive interpolation circuit 19, when 

the dispersion degree a is great, interpolation of a diagonal 

direction is executed, and when the dispersion degrees o is 

small, correlation of the color {R) is almost identical in any 

of the directions and the effect of the adaptive interpolation 

is not so ,reat, 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 a is small, in order to eliminate a slight di-fference 

between the adaptive int~rpolation Qf different .levels of R and 

G cf a color ima~e. the i~terpolation is executed only with G 

having the highest frequency and the highest level, thus 

enabl 1ng to. obtain an image .of a. higher re.so·luti·on. 

When the ltUninance sig~al Y .is inter:polated by the 

processing as described above. the adaptive interpolation 

circuit 19 supplJes the HPF 20 with the luminance signal Y and 

the color signals Rand G shown.in Fig. 10. 

The HPF 20 cuts off a lower.frequency component from the 

luminance signal obtained by the adaptive interpolation circuit 

19, so as to· create a lumin~noe sfrnal 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 
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adder circuit 22. 

The adder circuit 22 combines the lower fre~uency 

components of the respective color signals RL, Gt, and BL with 

the higher frequency component luminance si,nal YH and outputs 

color si,nals 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 above, 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 vertical and the horizontal direction but also in 

the diagonal directions. Moreover. because the apparatus is 

a single-plate t1Pe, the apparatus of a compact size is 

available at a low price and nonetheless it is possible to 

obtain a high resolution which is equivalent to that of the 

3CCD type without. ua1·1,1g · i ··_separate mechan-ism such as a pixel 
.· . . . ~ . 

shift mechanism. Furthermore, in the ~.ma.re pickup apparatus 

10 which enables ~o· -~bt.ai.n. a. h-igh resolution without using a 

pixel shift mechanism or the like, it is p"ossible to empl"oy an 

electronic shut·ter. The image pickup apparatus 10 uses the CCD 

image sensor 11 of progressive scan type and accordingly, it 

is possible to obtain a non-interlace image which is 

appropriate for a personal computer monitor apparatus and the 
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like. 

Description will now be directed to a second embodiment 

of the present invention. Note that like circuits as in the 

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 accordin~ 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 COD image sensor 11; a CCD driver 12 for 

driving the CCD image sensor ll; a CDS/AGC circuit 13 for 

executing a correlated double sampling and gain control to the 

respective color signals from the CCD image sensori an A/D 

converter 14 for digitizing the respective color signals from 

the CDS/AGC circuit 13; a DSP 15 for executing a digital sign.al 

processing to the digiti·zed color signals from the A/D 

converter: and a video encoder Z3 for converting the color 

signals from the DSP l5, 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 15 and a 
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personal computer interface (hereinafter, referred to as PC 

interface) 3Z for executing a predetermined signal conversion 

for transmitting the color signals from the DSP 15, to the 

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 a program and the like; an LPF 17 

for cutting 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 adaptive interpoJation circuit 19 for executing the 

adaptive int.erpol-ation to the respective color signals from the 

PC interface 34; a HPF 20 for cutting off a lower i~equency 

component from the respective cofor signals from the adaptive 

interpolation circuit 19; a buffer m·emory 21 for sto.ring a 

luminance signal YH from the HPF 20; an adder circuit 22 for 

adding the signals from the buffer memory 18 and the buffer 

memory 21; and an accelerator 36 for outputting to a monitor 

50 the respective color signals from the adder circuit zz. 
In the imare pickup apparatus 30 having the aforementioned 

confi,uration, the CCD image sensor 11 generates color signals 
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R, G, and B for supply to the DSP 15 via the CDS/AGC circuit 

13 and the A/D convert 14. An output from the DSP 15 is 
converted into a video signal by the video encoder 23 and is 

outputted as a VBS (video, burst, sync) signal or 

luminance/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 a higher 
frequency component from the respective color signals and 

supplies the color signals via the buffer memory 18 to the 
adder circuit 22. 

The adaptive interpolation circuit 19 executes an adaptive 
interpolation by carrying out the aforementione~ steps Sl to 
S22 and steps S31 t.o S3.4, and supplies the HPF 20 with a 

luminance s.icnal Y and respective color signals R., G, and B 
shown in F·i&'. 10. The HP1 20 removes a lower frequenc)" 
component from the luminance signal Y and the respective color 
sirnals and supplies the obtained luminance signal YH of higher 
frequency via the buffer memory 21 to the adder circuit 22. 

The adder circuit ZZ adds the luminance signal Y of the 
higher freque·ncy to the respective color signals RL, GL, and 
BL from the buffer memory 19 and supplies the generated color 

signals R, G, and B of a high resolution via the accelerator 
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36 to the monitor 50. 

As has thus far been described, in the image pickup 

appara~us 30 according to the second embodiment, the adaptive 

interpolation is executed by a software in the personal 

computer, which enables to reduce the size and weight of the 

image pickup block 30A as well as to revise the software 

without replacing the image pickup block 30A. Moreover. 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 dia~onal directions. Furthermore, the 

aforementioned image pickup apparatus 30 which uses a single 

CCD is available at a reasonable price in a compact size and 

simultaneously with this, enables to obtain a 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 a 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 ~ickup apparatus 80 according to the third 

embodiment is preferabie for use in a still image camera. As 

shown in Fig. 13, the image pickup apparatus 60 operates only 

for the moment of pickup of main circuits in an image pickup 

block 60A whicn can be preferably used in a camera head unit 
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(CHU) and is kept in a wait mode when no pickup request is made 

from a computer block 60B, thus saving the electric energy. 

As shown in Fig. 13 for example. the image pickup block 

60A includes: a CCD image sensor 11; a COS circuit 13a for 

executing a correlated double sampling to respective color 

signals from the CCD image sensor lli an AGC circuit l3b for 

controlling a gain of the respective color signals from the CDS 

circuit 13a; an LPF 61 for removing 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 61; a personal computer interface 

32 for executing a 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 ll is supplied with an electronic 

shutter pulse from the timing generator 62 so as to control an 
effective charge accumulation period (electronic shutter 

cycle). Here, there is no problem if the ~lectronic shutter 

cycle is set to a period of a sincle frame or several frames 

for still image pickup. The timing generator 62 supplies the. 

CCD image sensor 11 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 block 60B 

and turns off the functions of the main circuits excluding the 
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PC interface 32 according to a wait mode request. 

Consequently, the image pickup block 60A suppresses power 

consumption in the wait mode, thus saving electric energy. 

The computer block GOB includes; a personal computer 

interface 34: an HDD memory for storing programs and the like; 

a signal processin~ circuit 65 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 circuit 65; a buffer memory 18 for storing 

the resp·ective color signals from the LPF 17; a.n adaptive 

interpolation circuit 19 for executing an adaptive 

interpolation 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 ~ircui t 19; a buffer memory 21 for 

storing the respective co,lor $1.gnals fr_om ·the HPF 20; an adder 

circuit zz for adding the signals· fr9m the buffer memory 18 and 
.· . 

the buffe·~· memc:>.rY. 21; an acc,lez::a.tor 36 for outputting to a. 

monitor 50 the respect1v~ color signals from the adder circuit 

22; and a power source ct·rcui t 66,· for supplying power to the 

image pickup block 60A. 
.. ' 

Mode switching of the image pickup block 60A is carried 

out through keyboard .operation while the camera control 

software in the computer block 608 is operating. That is, the 

electronic shutter control, iris control and wait mode control 

provided in the image pickup block 60A are carried out by the 
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computer block 60B. The adaptive interpolation and the digital 

signal processing executed to the respective color signals from 

the image pickup block 60A are also executed by the adaptive 

interpolation circuit 19 and the signal processing circuit 65 

in the computer block 60B. 

In the image pickup apparatus 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 wi~h power from the power 

source circuit 66 a.nd functions of the main circuit 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 circ~its start functioning. At this moment, for 

example, the computer block 608, according to input through 

keyboard operation, can adjust the iris via the PC interface 

32 and the iris control circui~ 63 .. 

Moreover, when the compute?'.' bl_ock 608 t·ran'smlts an image 

pickup request to the image pick~p block 60A, the ~CD image 

sensor 11 suppl_ies the PC interfaoe 32 through the CDS circuit 

13a. the AGO circuit 13b and the like with respective color 

signals obtained for the electronic sh~tter cycle for a 

single-frame period or several-frame period. The PC interface 

32 executes a predetermined sign.al conversion processing to the 

respective color signals, whi~h · are then supplied via. the 

bi-directional bus 33 to the PC interface 34. 

In the computer block 60B, the signal processing circuit 
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65 executes the digital sisnal processing on each of the color 

signals from the PC interface 34 and supplies the obtained 

color signals via the LPF 17 to the adder circuit 22 as well 

as to the adaptive interpolation circuit 19. From the 

respective color sicnals R, G, and B from the signal processing 

circuit 65, the adaptive interpolation circuit 19 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 Rt, GL, and BL with the 

luminance si,nal YH of a high resolution for output. Thus, 

color signals R, G, and B of a high resolution are g~erated 

for supply via th~ accelerator 38 to the mQnitor 50. 

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

60 according to the third embodiment operat~s the image pickup 
••• ,S., 

' 
block BOA only during · a pic~up opera.t·~()n and terminate . 
functions of the m·ain circuits in the picku~ block GOA when in 

I 

the wait mode, thus enabling to save .electric pow:er. Moreov~r • . · . . . ~ 

the image pickup i.pparatµs 60 ;;:e~·~cu·tes not{ onl~ the a"d.aptive 

interpolation.but .also dl-gital'. s{gn~l proc~·ssinc"such as knee 
. •. I. 

v-correction by way '"of the 'soft4:ie:t'.e proce·sstnr in the computer 
. . 

block 60B and acc.ordingl7:., the:- .image Pi.~,kup block SOA can be 
\........ . ... 

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

aforementioned software is revised. Furthermore, by executing 

the adaptive interpolation with the R and G pixels from the 

color f 11 ter arrangement,. 1 t is· possible to improve resolution 

in al the directions not only in the vertical and the 

horizontal directions but also in diagonal directions. The 
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aforementioned image pickup apparatus 60 is a single-plate type 

and accordingly, available at a reasonable price and in a 

compact size, and enables to obtain a high resolution without 

using a pixel shift mechanism or the like. 

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 obtain an 

image of a high resolution. 

Fig. 4 is a block diagram showing an example of 

configuration of the image pickup apparatus 80 according to the 

fourth embodiment including: a pickup lens 81 for focusing a 

pickup light; an optical filter 82 for color isolation of the 

pickup lighti a half mirror block 83; CCD image sensors 84 and 

86 into which the pickup light is introduced via the half 

mirror block 83; an ad~ptive interpolation section 85 for 

executing an adaptive interpolation to a pixel signal from the 

CCD image sensor 84; an ad.~ptive interpolation section 87 fol'. 

executinc an adaptive interpol.ation to a pixel signal from the· 

CCD image sensor 86; an image combine section 88 for 

synthesizing color signals trom 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; and a 

system controller 90 for controlling the entire apparatus. 

Here, the CCD image sensors 84 and 86 are, for example, 
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of the progressive scan type in which red pixels CR), greeq. 

pixels (G), and blue pixels CB) are respecti~ely arranged in 

checker arrangement as shown· in Fig. 3. 

As shown in FiB'. 15, in the CCD image sensor 84, the 

effective charge accumulation period (preferable for the 

electronic shutter function) is set 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 COD 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 

13 for executing a 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 digital signa.1 

processing to the respective color signals which have been 

digitized by the A/D converter 14. 

Each of the ad_aptive interpolation sections 85 and 8.7 

further includes: an LPF 17 for remov1ng a highe.r 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 a..daptive interpolation circuit 19 

f cr 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 
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adaptive interpolation circuit 19; a buffer memory Zl for 

storing the respective color signals from the HPF 20; and an 

adder circuit 22 for adding the color signals from the buffer 

memory l8 and the buffer memory 21. 

The image combine section 88 ·is provided with, as shown 

in Fig. 17 an LPP 91, a level comparator 92, and a switching 

circuit 93 for selectively outputting the respective color 

signals of a lower signal level from the adaptive interpolation 

section 85 and the res~ective color signals of a normal signal 

level from the adaptive interpolation section 87. 

The LPF 91 removes an unnecessary component of a higher 

frequency from an ima.ge data. supplied from the adaptive 

interpolation section 85 and supplies the obtained color 

signals to the level comparator 92. 

The level comparator ez compares levels of the respective 

color signals HDl to a threshold level Th. i.e., a limit of the 

dynamic ranre as shown in Fig. lSA. 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 HI>l is higher than the 

threshold level, a switch control signal of H level is 

outputted. 

'rhe switching circuit 93 has a. terminal 'a' which is 

supplied with color signals HD! from the adaptive interpolation 

section 85 and a 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 92, the switching circuit 93 outputs the color 
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signals HDl supplied to the terminal •a•. When supplied with 

a signal of L level from the level comparator 92, the switching 

circuit. 93 outputs the color signals HD2 supplied to the 

terminal 'b' . 

In other words, the terminal 'a' of the switching circuit 

93 is supplied with the respective color SiKUals HDl shown in 

Fig. 18A. whereas the terminal 'b' of the switching circuit is 

supplied with the respective color signals HD2 shown in Fig. 

l8C. Because the switch control sig-nal is at L level while no 

color signals HD2 exceed the dynamic range, the switching 

circuit 93 outputs the color signals HD2 as shown in Fig. lBD. 

When the color signals HD2 exceed the dynamic range, the switch 

control signal is at H level and, as shown in Fig. 18D. the 

switching circuit es outputs color signals HDl. 

Consequently, when taking an outdoor picture from indoor 

for example, if the color signals HD2 exceed the dynamic range, 

the image combine sectio11- 88 substitutes the.color signals HDl 

for the portion exceeding the dynamic range, thus enabling to 

extend the dynamic ranee. 

As has thus far been described, the image pickup apparatus 

80 executes the adaptive interpolation for each of the output 

signals from the two ·ccD image sensors. which enables to obtain 

an image of a. high resolution. Moreover. by selectively 

synthesizing color signals of difference shutter cycles, it ts 

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 
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the resolution not only in the vertical and the horizontal 

directions but also in the diaconal directions. 

It is also possible to provide a neutral density (ND) 

filter 95 between the half mirror block 83 and the CCD image 

sensor 84 in the image pickup apparatus 80 and to set an 

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

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

light quantity decreased by the ND filter 95, for generation 

0£ 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 pickup apparatus accordin~ to the fifth 

embodiment employs, instead of the image combine section 88 of 

Fig. 17. an image combine section 88a which can switch between 

a white-crush correction mode and a. black-crush correction 

mode. 

As shown in Fie. 18, the switcbing circui·t 84 in the image 

combine section 8Ba includes: a terminals 'c' and 'f' which 

are supplied with the respective color signals HDl from the 

adaptive interpolation section 86; termin~ls 'd' and 'e' which 

are supplied with the respective color signals HDZ from the 

adaptive int~rpolation section 87; a switch 94X which 

selectively outputs color signals supplied to the terminal 'c' 
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or 'd' ; a.nd a switch 94Y which selecti vel:r outputs color 

signals supplied to the terminal 'e' or 'f'. The switches 94X 

and 94Y are interlocked with each other and their switching is 

controlled by the system controller 90. That is, if the 

white-crush mode is set in, the system controller sets the 

switch 94X to the terminal 'c', and the switch 94Y to the 

terminal 'e', and if the black-crush mode is set in, the switch 

94X is set to the terminal 'd' and the switch 94Y 1s set to the 

terminal 'f'. The switch 94X selectively supplies respective 

color signals to the LPF 9 l and the terminal 'a' of the 

switching circuit 93, whereas the switch 94Y selectively 

supplies respective color signals to the terminal 'b' of the 

switching circuit 93. 

The LPF 91 removes a higher frequency component from the 
respective color signals and supplies the resultant signals to 

the level comparator 92. As shown in Fig. 20A, the level 

comparator 92 compares the levels of the respective color 
I 

signals supplied from the LPF 91, with a threshold level Th 

and, ~s shown in Fig. 20B, outputs a switch control signal if 
the level of the color sirn•ls is higher than the threshold 

level, Here, the system controller 90 set~ the threshold level 

according to the white-crush correction mode or the black-crush 

correction mode. The switching circuit 93, upon reception of 

the switch control signal of H level from the level comparator 

92. outputs the color signs.ls which are supplied to the 

terminal 'a', and upon reception of the switch control signal 

of L level, outputs the color signals which are supplied to the 
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terminal • b • . 

When the black-crush correction mode is set in. the system 

controller 90 connects the switch 94X to the terminal 'd 1 and 

the switch 94Y to the terminal 'f', so as to set the threshold 

level Th to a predetermined level according to the black-crush 

correction. In this state, the terminal 'a' of the switching 

circuit 83 is supplied with the respective color signals HD2 

shown in Pig. 20A and the terminal 'b' is supplied with the 

res~ective color signals HDl shown in Fig. 20C. 

When no black-crush is caused by the color signals HDl. 

the switch control si~nal is at H level as shown in Fig. 20 and 

the switching circuit 93 outputs the color signals HDl as shown 

in fig. ZOD. When a black-crush is caused in the color signals 

HDl, the switch control signal becomes L level and the 

switching circuit 93 outputs the color signals HD2 as shown in 

Fig. 20D. 

That is, when taking an indoor picture from outdoor for 

example, and a black-crush is caused in one of the signals HD1 

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 88a is set as 

follows: the switch 94X is set to the terminal 'c' and the 

switch 94Y is set to the terminal 'd'. That is, the image 

combine section 88a becomes equivalent to the image combine 

section 88 capable of outputting color Siinals without 
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white-crush. 

Description will now be directed to an image pickup 

apparatus according to a sixth embodiment. 

Fig. 21 is a block 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 & 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 a color signal R 

according to the pickup light splitted; a CCD image sensor 104G 

for outputting a color signal Gi and a CCD image sensor l04B 

for outputting a color signal B. 

Here, the CCD image sensors l04R, 104G, and 104B are of 

the progressing scan type. As shown in Fig. 22, in the CCD 

image sensors 104R and 104Q, G and R are arranged in quincunx 

with a half-pitch shifting the pixel.s in the diagonal 

directions. 

The image pickup apparatus lOQ f~rtb,e~ includes: a 

CDS/AOC circuit 13 for executing a correlated double sampling 

and gain control to the respective oolor signals from the CCD 

image sensors 104R, 104:G, 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 
I ' 

y-correction for the respective. color signals from the A/D 

converter; an LPF 17 for removing a higher frequency component 
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from the color signals from the DSP 15; a buffer memory for 

storing the color signals from the LPF 17; an adaptive 

interpolation circuit 19 for executing an adaptive 

interpolation to the color signals from the DSP 15; an HPF 20 

for removing a lower frequency component from the color signals 

from the adaptive interpolation circuit 19 and generating 

luminance signals of a higher frequency; a buffer memory 21 for 

storing the luminance signal of a higher frequency from the HPF 

20i 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 Rand Gare stored 

in the quincunx arrangement shown in Fig. 23A in an internal 

memory 19a cf the adaptive interpolation circuit 19. 

The adaptive interpolation circuit 19 sets a pointer at 

a portion of the quincunx arrangement of the color signals R 

and G to be interp_olat.ed and calculates correlation in the 

vertical and the horizontal 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 s igna.ls which ha.ve been adjusted in white 

balance adjustment to an identical level of R and G. 

Consequently. is an attention is paid on the information of the 
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luminance si~nal Y contained in the pixel data R and G, as 
shown in Fig. 24, it can be assumed that luminance signals Yl 
to Y4 are arranged in the vicinity of an arbitrary pointer YO. 
Consequently, the following equation is satisfied. 

YO = aYl + bY2 + cY3 + dY4 

Note that the values of a to d are determined by the pixel 

correlation in the vertical or the horizontal direction. 

More specifically, the adaptive interpolation circuit 19 
calculates the level difference in the horizontal direction 

between Yl 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 YO is executed. For example, if the 
horizontal direction has a greater correlation, the following 
calculation is c.arried out. 

YO = (Yl + YZ)/2 

As shown in 23B, th~ luminance signal is interpolated at 
the shaded positions for the color signals R and G 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 sicnals Rand G and the luminance signal, so as 
to generate a luminance signal of a 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 lwninanqe signal of a higher frequency component so 
as to generate color signals of a high resolution. 
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The color signals generated in the adder circuit 22 

exhibit no deterioration of a higher frequency zone as shown 

in Fig. 25B compared to the conventional spectrum 

characteristic shoWn in Fig. 25A. 

That is, the adaptive interpolation circuit 19 executes 

an approximate adaptive interpolation so as to generate color 

signals of preferable image quality. 

As has been described above. the image pickup apparatus 

100 executes an interpolation in the vertical or the horizontal 

direction having a greater correlation, so as to generate a 

luminance signal of a hiiher frequency 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, ac.cording to the present 

invention, correlation is calculation is carried out for ·the 

opposing pixels around the interpolation point· and a luminance 

signal is generated according to the color signals of the two 

primary colors in the direction having a greater correlation, 

eliminating a lower frequency component, for synthesizing this 

luminance signal of a high fre~uency 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 
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small dispersion degree around it. no interpolation in the 

diagonal direction is executed but the interpolation is 

executed in the vertical or horizontal direction havin~ color 

signals having a high signal level and having the 

aforementioned greater correlation, thus enabling to obtain an 

image of a higher resolution. 

According to still another aspect of the present 

invention, interpolation is executed between the respective 

color signals fetched in a vertical, horizontal. or diagonal 

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. 
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WHAT IS CLAIMED IS 

l. An image pickup apparatus comprising: 

an image pickup element having a plurality of pixels 

arranged in a matrix state, each pixel outputting a sample 

information according to a light received; 

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, 

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 said correlation value detecting 

means. for executing an interpolation for said reference sample 

pos.ition. 

2. An image .pickup apparatus as claimed in Claim l, 

wherein said image pickup element further includes first color 

filters, second color filter&, and third color filters provided 

for each of the pixel&, said first color filters being arranged 

in a checker shape for said plurality of pixels, and outputs 

a first color sample information from first pixels which 

correspond to the first color filters, a second color sample 

111111111111111111111111111111 
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information from second pixels which correspond to the second 

color filters, and a third color sample information from third 

pixels which correspond to the third color filters. 

3. An image pickup apparatus as claimed in Claim 1, 

wherein said correlation value detecting means detects a 

correlation value in a first diagonal direction including 

sample information of pixels positioned at upper right and 

lower left of said 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 frequency component from the output from 

said interpolation means and 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 comprisin~ combine means for combining the 

sample information outputted from said pickup element with said 

high frequency band luminance sample information. 

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

wherein said first color filters are made from color filters 

\ \11\11\ 1\11\\ 111\t 1\1\I \\ Ill\ 
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allowing to pass a green component of light; said second color 

filters are made from color filters allowing to pass a red 

component of light; and said third color filters are made from 

color filters allowing to pass & blue component of light, these 

color filters being arranged in a Green-checkers and Red/Blue 

line sequential configuration. 

7. An ima.r;e pickup apparatus comprising: a pickup 

element having a plurality of pixels arranged in a matrix state 

and a pluralitf 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 interpolation according to color· sample infomation 

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

a. An image pickup apparatus as claimed in Claim 7, 

wherein said interpolation means generates a luminance level 

component e~uivalent to positions of said first and said second 
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pixels from the color sample information of the pixels 

themselves. 

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

apparatus further comprising high frequency component 

extracting means for extracting a high frequency component from 

the output from said interpolation means and outputting the 

resultant component as a hi~h frequency band luminance sample 

information. 

10. An image pickup apparatus as claimed in Claim Q, 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 fre~uency 

band luminance sample information. 

11. An image pickup apparatus as claimed in Claim 7. 

wherein said ffrst color filters a.re made from color filters 

allowing to pass a green component of light; said second color 

filters are made from color filters allowing to pass a 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 correlation value detecting means 

111111111111111111111111111111 
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based on color sample information from a plurality of pixels 

positioned in the vicinity of a reference sample possition 

within a frame composed by the first, second, and third sample 

information outputted from the respective pixels of said image 

pickup element, for detectinc a correlation value of a 

plurality 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 inf orma ti on 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 st·ate and a plurality of first color filter&, 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 f 11 ters, and a 

third sample information from third pixels which correspond to 

the third colo~ filters; 

, 1111111111111 111111111111 1111 
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correlation value detecting means, based on color sample 

information f rem a plurality of pixels positioned in the 

vicinity of a reference sample position within a frame composed 

by the first, second. and third sample information outputted 

from the respective pixels of said ima~e pickup element. for 

detecting a correlation value of a plurality 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 color filters when said dispersion 

degree is below a threshold.value. 

14. An image picltup apparatus as claimed· in Claim 13, 

~herein said pic~up element is of a Green-checkers Red/Blue 

line sequential color filter type consisting of first color 

filters allowing to pass a 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. 

\ \\\\\\\ 111\\I \\\II II\~ II 1\\1 
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15. A signal processing apparatus for executing a.n 

interpolation based on a reference sample position ~ithin 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, said 

interpolation being executed according to sample information 

of pixels around said reference sample position, 

said apparatus comprising: 

correlation value detecting means for detecting a 

correlation value of a plurality of sample information in the 

vertical direction, a correlation value of a plurality of 

sample information in the horizontal direction, and a 

correlation value of a pluralit~ of sample information in the 

diagonal directions according to sample information of a 

pluralit~ of pixels position in the vicinity of said reference 

sample position; and 

interpolation means for executing an interpolation for 

said reference sample position according to sample information 

of pixels positioned in a direction having the greatest 

correlation value detected by said correlation value detecting 

means. 

16. A signal processing apparatus as claimed in Claim 15, 

wherein said image pickup element further includes first color 

f 11 ters arranre din a checker state for said plurali t1 of 

pixels, second color filters. and third color filters, and 
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outputs as said sample information a first color sample 

information from first pixels which correspond to said first 

color filters, a second color sample information from second 

pixels which correspond to said second color filters, and a 

third color sample information from third pixels which 

correspond to said third color filters. 

17. A signal processing apparatus as claimed in Claim 15, 

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 upper 

right and lower left of said reference position and a 

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 claimed in Claim 15, 

said apparatus further comprising high frequency component 

extracting means for extracting a hig-h f requenc:y component from 

the output of said interpolation means and outputting the 

extracted component as a high luminance sample information. 

19. A signal processing apparatus as claimed in Claim 18, 

said apparatus further comprising combine means for combining 

the sample information outputted from said image pickup element 

with said high frequency band luminance sample information. 
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zo. A signal processing apparatus as claimed in Claim 15, 

wherein said image pickup element further comprises ~ color 

filter of Green-checkers Red/Blue line se~uential type 

consisting of first color filters allowing to pass a 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. 

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 color sample information from first 

pixels which correspond to said first color. filters, a second 

color sample information from second pixels which correspond 

to sa.id second color filters, and a third color sample 

information from third pixels which correspond to said third 

col-or filters, wherein said signal processing apparatus 

comprises: 

input means for inputting said f 1rst color sample 

information, said second color sample information. and said 

third color sample information from said image pickup elementi 

storage means for temporarily storing said first color 

sample information, said second color sample information, and 
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said third color sample information supplied from said input 

means; and 

interpolation means for reneratin~ a luminance component 

equivalent to positions of said third pixels by way of 

interpolation according to color sample information outputted 

from first pixels and second pixels which are positioned in the 

vicinity of the respective third pixels. 

zz. 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 int~rpolation means and outputting the 

extracted component as a high frequency component luminance 

sample information. 

24. A signal processing apparatus as clai·med in Claim 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 infor~ation. 

25. A sigual processing apparatus as claimed in Claim 21, 
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said apparatus further comprising correlation value detecting 

means for detecting a 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 sample 

information in diagonal directions, according to color sample 

information from a. plurality of 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 

elementi 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 b~ said correlation value 

detec.ting means. 

26. A signal processing apparatus for executing an 

interpolation ba$ed on color sample information from a 

plurality of pixels positioned in ~he vicinity of a reference 

sample 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 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 wherein the first color sample information is 
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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 apparatus comprising: 

correlation value detecting means for detecting a 

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 sample information 

in a dia~onal 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 plurali~~ 

of pixels which correspond to the third color filters 
I 

positioned in the vicinity of said reference example positioni 

and 

interpolation m.eans for executing an interpolation for 

said reference sample position according to the corre.la~ .. ion 

values excluding a correlation value in the direction relJted 

to an arre.ngement of said third color fi 1 ters when said 

dispersion degree is below a threshold value. 

27. A signal processing apparatus as claimed in Claim 36, 

wherein said image pickup element is a color filter of 
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Green-checkers Red/Blue line sequential type consisting of said 

first color filters which are color filters allowing to pass 

a green component of light, said second color filters which are 

color filters allowing to pass a red component of light, and 

said third color filters which are color filters allowing to 

pass a blue component of light. 

28. An interpolation method for executing an 

interpolation according to sample information from a plurality 

of pixels positioned 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, said 

interpolation method comprising steps of: 

detecting for said reference sample position a correlation 

value of a. plurality of aa111Ple inf-ormation in a vertical 

di re ct ion. a. correlation value cf a plurality of sample 

information in a horizontal direct.ion, and a correlation value 

of a plur~lity of sample information in a diagonal direction, 

according to sample infor~a.tion from a plurality of pi~_~ls 

positioned in the vicinity of said reference sample positton, 

a.nd 

executing interpolation for said reference sample 

position according to a sample information ~f pixels positioned 

in a direction having the greatest correlation value detected. 
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29. An interpolation method for executing an interpolation 

to an output of an image pickup element. ha"ing a plurality of 

pixels arranged in a matrix state and a pluralit~ 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 

sample information from first pixels which correspond to said 

first color filters, a second color sample information from 

second pixels which correspond to said 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 information, and said third color sample 

information from said image pickup element; 

temporari~~ storing said first color sample information, 

said second color sa.111.Ple information, and said third color 

sample information which ha.ve been inputted; and 

generating by way of interpolation a luminance component 

equivalent to positions of said third p.ixels, 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 based on color sample information from & 

plurality of pixels positioned in the vicinity of a reference 
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sample 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 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 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 a 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 

directiop., and a correlation value of a plurality of color 

sample information in a diagonal direction, according to color 

sample ~nformation of a plurality of pixels positioned in the 

vicinity of said reference sample position; 

detecting e. d:ispersion degree of c.olor sample informat:~on 

of a plurality of pixels which corre~pond 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 value in the direction related to an arrangement 
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of said third color filters when said dispersion degree is 

below a threshold value. 


