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IITLE OF THE INVENTION

Image Pickup Apparatus Having an Interpolation Function

BACKGROUND OF THE JINVENTION
Field 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
configuration of the appa:atﬁs.
There

2 complicated

is also known 8 <technique <to obtain a high
resolution by wobbling the CCD position by & bimorph or the
like so as to combine a 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



data picked-up.

The present invention provides 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 bYased 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 &en
interpolation 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
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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 correletion value of a plurality of sample information
in the diagonel directions sccording to sample information of
a plurality of pixels position in the vicinity of the reference
sample posjition; 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 & horizontsal direction, and & carrelation
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



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 DESCRIPTION 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 apparstus in a form of checkers.
Fig. 4 shows a state when an R-G imsge dats 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'h-art' for explanation of an adaptive
interpolation. | |

Fig. 8 is to be used for explanation of the R and G states

when executing an adaptive interpolation according to the
dispersion degree.:

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



luminance signal Y after executing the

processing.

interpolation

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 & 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.
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Fig. 20A to Fig. 20D show signal level states of an image
data.

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 -to enbodiments of the
present invention with referenceito thé éttached 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
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sensor 11 driven by a CCD driver 12; & 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) 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
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primary 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 components through the buffer
memory 18 to 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 16 so that, as shown in

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

color signal R and the color sign;LfG_have been adjusted in the

white balance adjustment to have aﬁ almost identical signeal

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. §. ' ' .

The correlation S can be defined for a 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. '
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If the correlation is calculated for each of the vertical,

horizontal, and inclined directions, and interpolation is

the
signal will not be subjected to the LPF in a direction which
orthogonally intersects the

accordingly,

executed in & direction which maximizes the correlation,

interpolation direction and

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, starting
with step Si.

In step S1, the adaptive interpolation circuit 19 fetches
only the color signals R and G into an internal memory 182 so

as to obtain the R-G image of Fig. 4, and control is passed to
step 82.

In step S2, a pointer is set at the initial image

interpoclation point and control is passed to step S3.

In step 83, the adaptive interpolation ecircuit 18

calculates a-cqrrelation a of the vertical direction. Here,

the vertical correlation a is calculated saccording to an
equation as follows.

8 = min (Yn)/max (fni

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,

Y8)
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The adaptive interpolation circuit 19 substitutes the

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

corresponding to this variable X.

S4.

Control is passed to step

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, Y¥5) : min (Y7, Y8,
Y9)

mex (Yn) = max (YL, 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, cgnﬁ;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)



11
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 ¢. If the
variable X is greater than the value ¢, control is passed step

S10 shown in Fig. 7, and if the variable X is not greater than
the value ¢, control is passed to step S9.

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 S1l. '

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.
the flag is A,

If
interpolation of the vertical direction is
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executed (step S14) and if the flag is not A, control is passed

to step S16. 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 + YB)/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 horizontsal

direction.

In step S17, the adaptive interpolation'circuit 19 detects

whether the flag is C. 1If the flag is C, interpolation 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 interpolation circuit 18 detects
whether the flag is7D. - Tfffhé flag is found to be D,
interpolation of thexsgconﬂ.diagdnal directioﬁ is executed

(step S20), and if the flag is not 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
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diagonal direction for ¥5 such as (Y3 + Y7)/2 and executes

interpolation of this diagonal direction.

In step S21, 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
interpolation point.

last image
If the pointer is found to be set at the
last image 1interpolation point, the
terminated.

interpolation |is
If the pointer {s 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
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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 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)/max (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. If the dispersion.qégrée is greater than

the predetermined value, control is 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 secggd diagonal
direction is executed, fermihating‘the:éﬁQEdutiné

On the other hand, if in step 832 the dispersion degree
o is found not greater than the predetermzned value, control
is passed to step S34 where the adaptive interpolation circuit

18 executes an interpolafion in the vertical direction having
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the correlation "a" calculated in step 83 or in the horizontal

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

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

and if a is smaller than b, 8 horizontal interpoclation 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 color signals 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 circuit

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
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adder circuit 22.

The @adder circuit 22 combines the lower frequency
components of the respective color signals RL, GL, and BL with
the higher frequency component luminance signal YH and outputs

color signals R, G, and B of a high resolution. Moreover, the

video enccder 23 encodes the color signals R, G, and B of s
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§£ﬂ'a-hiéh resolu%ion without using a
pixel shift mechenism 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
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like.

Description will now be directed to & 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 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 11; 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 circuit 13; a DSP 15 for executing a digital signal

processing to the 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
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personal computer interface (hereinafter, referred to as PC

interface) 32 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 & 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 adaptive 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
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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,
luminance/color difference signal Y/C.

sync) signal or
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
shown in Fig. 10.

, and B
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
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38 to the honitor $0.

As has thus far been described, in the image pickup

apparatus 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 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 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 nonfinterlace

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

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

An imege plckup apperatus 60 according to the third
embodiment ié préferabie for use in a still image camera,
shown in Fig. 13,

As
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
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(CHU) and is kept in a wait mode when no plckup request is made
from a computer block 60B, thus saving the electric energy.
As shown in Fig. 13 for example,

60A includes: a CCD image sensor 1l1;

the image pickup block
a CDS circuit 13a for
executing a correlated double sampling to respective color

signals from the CCD image sensor 11; an AGC circuit 13b 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 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 82;
and a lens block 64 for adjusting the iris according to the
iris contrel 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 2 period of a single 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 bloek 60B

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

Consequently, the image pickup block 80A suppresses power
consumption in the wait mode, thus saving electric 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 image pickup block 60A is carried

out through keyboerd operation while the camers control

software in the computer block 80B is operating. That is, the

electronic shutter control, iris control and wait mode control

provided in the image pickup block 80A are carried out by the
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The adaptive interpolation and the digital
signal processing executed to the respective color signals from

computer block G60B.

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

interpolation circuit 18 and the signal processing circuit 65
in the computer block G60B.

In the image pickup apparatus 60 having the aforemeﬂtioned

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 operaéion. can adjust the ;r;s via ;he_pc interface
32 and the iris control cirguit 838. .

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 signal 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
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85 executes the digital signal 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 189. From the

respective color signals 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 HPPF 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 hlgh resolution are generated

for supply via the accelerator 38 to the monitor 50.

As has thus far been -described, the image pickup apparatus
60 according to the third embodiméntlpperatés the image pickup
block 80A only during ‘& pipkgp operation and terminate
functions of the main circuits in the pickuﬁ block 60A when in

the wait mode, thus enabling to save'electrib 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 p;gkup 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
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aforementioned image pickup apparstus 60 is a single-plate type

and accordingly, available at a ressonable price and in =

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 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 isclation of the
pickup light; a half mirror block 83; CCD image sensors 84 and

88 into which the piekup light is introduced via the hslf

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 image 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,



26
of the progressive scan type in which red pixels (R).

pixels (G),

green
and blue pixels (B) are respectively arranged in
checker arrangement as shown in Fig. 3.

As shown in Fig. 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 signsl 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
configuration. As shown in Fig. 16,

identical

each of the adaptive
interpolation sections 85 and 87 includes: a CCD/AGC circuit

13 for executing s 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 & digital signal

processing to the respective color signals which have been
digitized by the A/D converter 14.

Each of the adeptive interpolation sections 85 and 87

further includes: san 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

signels 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 10; a buffer memory 21 for
storing the respective color signals from the HPF 20; and an
adder circuit 22 for adding the color signals from the buffer

memory 18 and the buffer memory 21.

The image combine section 88 is provided with, as shown
in Fig. 17 an LPF 81, 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 respective color signals of a normal signal

level from the adaptive interpolation section 87.

The LPF 81 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. 188, if the level of a color signal HD1 is higher than the

threshold level, & switch control signal of H level is
outputted.

The switching circuit 83 has 8 terminal ‘'a’ which is

supplied with color signals HD1 from the adaptive interpolation

section 85 and & terminal ’'b’' which is supplied with color

gsignals 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
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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 HDZ supplied to the
terminal 'b’.

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 eircuit ies

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 HD2 exceed the dynamic range, 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 color signals HD2 exceed the dynamic range,
the image combine section 88 substitutes the color signals HD1

for the portion exceeding the dynami¢ range, thus enabling 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 two CCD image sensors, which enables to obtain

an image of a high resolution. Moreover, by selectively

synthesizing color signals of difference shutter cycles, 1t is

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 alsc in the diagonsal directions.

It i{s 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 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
apraratus according to a fifth embodiment.

In order to eliminate the white~-crush as well as the
black-¢rush, the image pickup apparatus according to the fifth
embodiment employs, instead of the image combine section 88 of
Fig. 17, an image combine section 88z which can switch between

8 white-crush correction mode and a bdblack-crush correction
mode.

As shown in Fig. 18, the switching circuit 84 in the imsage

combine section 88s includes: a terminsls °'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’
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and a switch 94Y which selectively outputs color
signals supplied to the terminal ‘e’ or 'f’.

or 'd’;

The switches 84X
and 84Y are interlocked with each other and their switching is

controlled by the system controller €0. That is, if the

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

switech 94X to the terminal '¢’

| terminal 'e’, and if the black~crush mode is set in, the switch

, and the switch 84Y to the

84X is set to the terminal ’'d’' and the switch 84Y 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, outputs the color signals which are supplied to the
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terminal ‘b’.

When the black—-crush ¢orrection mode {s set in, the system

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

the switch 84Y to the terminal 'f’', so as to set the threshold
level Th to a predetermined level according to the black-c¢rush
correction. In this state, the terminal

'a’ of the switching
circuit 93 is supplied with the respective color signals HD2

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.

HD1,

When a black-crush is caused in the color signals
the switch control signal becomes L level and the

switching circuit 83 outputs the color signals HD2 as shown in
Fig. 20D.

Thet is, when taking an indoor picture from outdoor for
example, and a black~crush i{s 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 84X is set to the terminal ‘¢’ 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
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white-crush.

Description will now be directed to an image pickup
apparatus according to a2 sixth embodiment.
Fig. 21 is a block disgram 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

imege 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 respective color signals from the A/D

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

storing the <c¢olor signals from the LPF 17; an adaptive

interpolation circuit 18 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
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 sdaptive interpolation circuit 19 is supplied

with the color signals which have been adjusted in white
balance adjustment to an identical level
Consequently,

of R and G,
is an attention is paid on the information of the
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luminance signal Y contained in the pixel data R and G,

as
shown in Fig. 24, it can be assumed that luminance signals Y1
to Y4 are arranged in the vicinity of an arbitrary pointer YO.
Consequently, the following equation is satisfied.

Y0 = a¥l + 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 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.

Y0 = (Y1 + Y2)/2

As shown in 23B, thq luminance signel is interpolated at
the shaded positions for the color signals R and @ in the

quincunx arrangement and the resul;ant 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.
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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 18 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 horizontsal

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 ¢olor 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



36
small dispersion degree around it, no interpolation in the

diagonal direction is executed but the interpolation is

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 anocther aspect of the
invention,

present
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.,

or multi-plate type.

single-plate type
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WHAT IS CLAIMED IS
1. An image plckup 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,
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 informetion 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
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information from second pixels which correspond to the second
color filters, and a third ;olor 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 meens detects a
correlation value in & 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 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 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
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allowing to pass a green component of light; said second color
filters are made from color filters allowing to pass s red
component of light; and said third coler filters sre 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.

7. An image pickup apparatus comprising: a pickup
element having & 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 being arranged in
a checker state for said plurality of pixels, wherein

said pickup element outputs a first color sanmple

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

\“NN“§“@NQNN§NN§
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pixels from the color sample information of the pixels

themselves.

8. 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 high frequency band luminance sample
information.

10. An image pickup apparatus as claimed in Claim 9, 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 apparatus as c¢laimed 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 S *
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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 detecting a correlation value of a
plurality of color sample information
direction,

in a horizontal
a correlation value of & plurality of color sample

information in a vertical 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 Egreatest 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 srranged 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 plurslity 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
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correlation value detecting means, based on color sample
information from 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 image pickup element, for
detecting a 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 image 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.

L
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15. A signal processing apparatus for executing an
interpolation based on a reference sample position within a
frame composed by sample information outputted from a plurality
of pixels arranged in & 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 wvealue 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
means.

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
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oputputs 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,
third color sample

and a
information from third pixels which
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.

AQMQK%Z%ﬂZ%a%UOWV
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20. A signal processing apparatus as claimed in Claim 15,

wherein sald image pickup element further comprises a color

filter of Green-checkers Red/Blue 1line sequential type

consisting of first color filters allowing to pass a green
component of light, second color filters allowing to pass e 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
& plurality of pixels arranged in & matrix state and a
plurality of first color filters arranged in a checker state

corresponding to said plurality of pixels,
second color filters,

& plurality of
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 seid second color filters, and & third color sample

information from third pixels which correspond to said third
color filters, wherein ssid signal processing apparatus
comprises:

input means for inputting said £first color
information,

sample
said second color 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
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seid third color sample information supplied from said input
means; and

interpolation means for generating 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.

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 as claimed in Claim 23,

said apparatus further comprising combine means for combining

the first, the second, and the third color sample infermation

outputted from said imesge pickup element with said high

luminance sample information.

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

e
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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 velue of a plurality of sample

information in diagonal directions, according to color sample

information from & plurelity 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

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.

286. 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 plurality 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,
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outputted from first pixels which correspond to sald 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 coler filters,
said aspparatus comprising:

correlation value detecting means for detecting a

correlation value of 8 plurality of color sample information
in a vertical direction, 2 correlation value of a plurality of
color sample information in a horizontal direction, and a

correlation value of & plurality of color sample information

in a diagonal 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 correspond 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
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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 8 blue component of light.

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 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 & 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.
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29. An interpolation method for executing an interpolation
to an output 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 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 information, and 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; and

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 *



51

semple position within a frame composed bf 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 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 diagonsl direction, 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 coior
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
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of said third color filters when said dispersion degree is

below a threshold value.



