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1-CHIP COLOR VIDEO CAMERA FOR
GENERATING INTER-PIXEL COLOR
SIGNAL COMPONENT BY INTERPOLATING
PRIMARY COLOR SIGNALS FROM
NEIGHBORING PIXELS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color video camera.
More specifically, the present invention relates to a 1-chip
color video camera having a color separation circuit for
processing signals from a solid-state image sensor in which
primary color filters, that is, red, green and blue (hereinafter
simply referred to as R, G and B) are arranged mosaic-wise.

2. Description of the Background Art

As disclosed in the Description of the Prior Art of
Japanese Patent Laying-Open No. 63-97078 (H04N9/N7), a
color video camera using 1-chip for primary colors includes
a solid-state image sensor having a photoreceptor portion, a
charge transfer portion and a transfer control portion.

On the photoreceptor portion, a mosaic microfilter is
deposited.

More specifically, referring to FIG. 1, the photoreceptor
portion 85 of solid-state image sensor 1 includes a plurality
of photoelectric converting elements arranged in a matrix,
and mosaic elements of the microfilter are correspondingly
arranged for respective photoelectric converting elements.
Namely, a microfilter corresponding to one color, for
example, one of R, G and B is allotted to one photoelectric
converting element. There are various combinations of filter
arrangement of R, G and B in such a mosaic microfilter. One
typical example has a combination in which odd numbered
rows viewed from below includes GRGR . . . , and even
numbered rows include GBGB . . ., as shown in FIG. 2.
More specifically, filters corresponding to green, which
requires high resolution, are arranged in black squares of a
checker board, and R and B filters are arranged on white
squares (hereinafter, referred to as checkerwise
arrangement). In this case, rows including R filters and rows
including B filters are alternately arranged. This arrange-
ment is generally referred to as a Bayer type arrangement.

From respective pixels of the solid-state image sensor on
which the microfilter is arranged as described above, color
signals corresponding to the colors of associated color filters
are output. The color signals are separated into R, G and B
color signals respectively, by a color separation circuit in a
succeeding stage.

FIG. 1 is a schematic block diagram showing a structure
of the solid-state image sensor, that is, a charge coupled
device (hereinafter referred to as CCD) 1.

CCD-1- includes a photoreceptor portion 85 having a
plurality of photoelectric converting elements, for example,
photodiodes, arranged in a matrix corresponding to respec-
tive pixels; a plurality of vertical transfer registers 83
receiving charges stored in the diodes corresponding to the
incident light for transferring charges successively in verti-
cal direction; a vertical driving circuit 81 for outputting a
clock pulse voltage for controlling the operation of vertical
transfer registers 83; a horizontal transfer register 84 for
receiving charges transferred by respective vertical charge
transfer registers for horizontally transferring and outputting
signals by converting the successively transferred signal
charges to a voltage; and a horizontal driving circuit 82 for
generating a clock voltage for controlling the operation of
the horizontal transfer register 84.
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In other words, solid-state image sensor 1 has a structure
of a so-called interline transfer CCD.

Therefore, in each pixel at photoreceptor portion 85, light
intensity of incident light received through the correspond-
ing microfilter is converted to an electrical signal, and output
as a corresponding analog signal, row by row of pixels.

When the mosaic microfilter such as described above is
used, only an R signal is obtained from the pixel on which
an R filter is disposed, and G and B signals cannot be
obtained. Therefore, the G and B signals of this pixel must
be generated by interpolation from G and B signals of
neighboring pixels.

In a so-called digital camera in which signals from a
solid-state image sensor are digitized for further processing,
interpolation of a missing signal has been performed by the
following operation.

More specifically, in accordance with the arrangement of
color filters, a two-dimensional missing signal interpolating
digital filter performs weighting, using a weight coefficient
predetermined for each pixel. More specifically, signals, of
the same color as the missing signal, obtained from adjacent
neighboring signals are multiplied by respective weight
coefficients, and resulting multiplied values are added and
then divided by a sum of all weight coefficients, that is, a
so-called weighted means is calculated, so as to obtain a
color signal which is of the same color as the missing signal.

FIG. 2 shows a pattern of arrangement of R, G and B of
the mosaic microfilter of CCD 1-shown in FIG. 1. In the
pattern shown in FIG. 2, there are four possible
arrangements, that is, H1, H2, H3 and H4 shown in FIGS.
3A, 4A, 5A and 6A, respectively of color filters for a block
of three pixels by three pixels with an arbitrary pixel
positioned at the center.

FIG. 3A shows one (hereinafter referred to as arrangement
H1) of four arrangements, in which a G filter is deposited on
the central pixel. In this case, the G signal obtained from this
pixel is multiplied by the weight coefficient of “4” as shown
in FIG. 3B, and then it is divided by “4”, so that the G signal
is used as it is, as the G signal of the central pixel. As for the
R signal, R signals obtained from upper and lower adjacent
pixels on which R filters are deposited are multiplied by the
weight coefficient of “2” respectively, as shown in FIG. 3C,
and the value obtained by adding the R signals of the upper
and lower pixels is divided by “4”, whereby the R signal of
the central pixel is generated. Further, as for the B signal, B
signals obtained from left and right adjacent pixels on which
B filters are arranged are multiplied by the weight coefficient
of “2”, respectively, as shown in FIG. 3D, and the value
obtained by adding the B signals of the left and right pixels
is divided by “4”, whereby the B signal for the central pixel
is generated.

FIG. 4(A) shows another (referred to as arrangement H2)
of the four arrangements, in which a B filter is deposited on
the central pixel. Therefore, as for the G signal, G signals
obtained from upper, lower, left and right four pixels are
multiplied by the weight coefficient of “1” as shown in FIG.
4B, and the value obtained by adding the G signals from
these four pixels is divided by “4”. Thus the G signal for the
central pixel is generated. As for the R signal, R signals
obtained from upper left, upper right, lower left and lower
right four pixels are multiplied by the weight coefficient of
“17, respectively, as shown in FIG. 4C, and the value
obtained by adding the R signals from these four pixels is
divided by “4”, whereby the R signal for the central pixel is
generated. As for the B signal, since a B filter is disposed on
the central pixel, the B signal obtained from this pixel is
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multiplied by the weight coefficient of “4” as shown in FIG.
4D, and the resulting value is divided by “4”, so that the B
signal is used, as it is, as the B signal of the central pixel.

FIG. 5A shows a still another one (referred to as arrange-
ment H3) of the four arrangements, in which an R filter is
disposed on the central pixel. Therefore, as for the G signal,
G signals obtained from upper, lower, left and right four
pixels are multiplied by the weight coefficient of “1” as
shown in FIG. 5B, and the value obtained by adding the G
signals from these four pixels is divided by “4”, whereby G
signal of the central pixel is generated. As for the R signal,
since an R filter is disposed on the central pixel, the R signal
obtained from this pixel is multiplied by the weight coeffi-
cient of “4” as shown in FIG. 5C, and the resulting value is
divided by “4”. Thus the R signal is used, as it is, as the R
signal for the central pixel. As for the B signal, B signals
obtained from upper left, upper right, lower left and lower
right four pixels are multiplied by the weight coefficient of
“17”, respectively, as shown in FIG. 5D, and the value
obtained by adding the B signals from these four pixels is
divided by “4”, whereby the B signal for the central pixel is
generated.

FIG. 6A shows still another one (referred to as arrange-
ment H4) of the four arrangements, in which a G filter is
disposed on the central pixel. As shown in FIG. 6B, the G
signal obtained from the central pixel is multiplied by the
weight coefficient of “4”, and the resulting value is divided
by “4”, so that the G signal, as it is, is used as the G signal
for the central pixel. As for the R signal, R signals obtained
from left and right adjacent pixels on which R filters are
disposed are multiplied by the weight coefficient of “27,
respectively, as shown in FIG. 6C, and the value obtained by
adding these R signals of the left and right pixels is divided
by 4, whereby the R signal for the central pixel is generated.
As for the B signal, B signals obtained from upper and lower
adjacent pixels on which B filters are disposed are multiplied
by the weight coefficient of “2” , respectively, as shown in
FIG. 6D, and the value obtained by adding the B signals of
the upper and lower pixels is divided by “4”, whereby the B
signal for the central pixel is generated.

Such interpolation of color signals as described above is
performed by means of an interpolation digital filter con-
sisting of a two-dimensional FIR filter (Finite Impulse
Response) filter.

The transfer function H (Z) of the FIR filter with respect
to the aforementioned weight coefficients are as follows.
[ARRANGEMENT H1]

(HORIZONTAL & VERTICAL DIRECTIONS OF G

SIGNAL)

H (z)=2hmz7"=1

(HORIZONTAL DIRECTION OF R SIGNAL)

H (z)=1

(VERTICAL DIRECTION OF R SIGNAL)

H (z)=2hmz"=1xz""+0xz ' +1xz " >=142">

(HORIZONTAL DIRECTION OF B SIGNAL)

H (z)=14z"*

(VERTICAL DIRECTION OF B SIGNAL)

Z (z)=1
[ARRANGEMENT H2]

(HORIZONTAL & VERTICAL DIRECTIONS OF G

SIGNAL)

H (z)=2hmz"=1xz°+2xz 4+ 1xz 2 =1427" 4772
(HORIZONTAL & VERTICAL DIRECTIONS OF R
SIGNAL) H (z)=2hmz "=1xz °+0xz'+1xz2=1+7">
(HORIZONTAL & VERTICAL DIRECTIONS OF B

SIGNAL) H (2)=1
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[ARRANGEMENT H3]
(HORIZONTAL & VERTICAL DIRECTIONS OF G
SIGNAL)
H (2)=Shmz "=1xz"%42xz 1xz >=142z""+2~>
(HORIZONTAL & VERTICAL DIRECTIONS OF R
SIGNAL) H (z)=1
(HORIZONTAL & VERTICAL DIRECTIONS OF B
SIGNAL) H (z)=1+z">
[ARRANGEMENT H4]
(HORIZONTAL & VERTICAL DIRECTIONS OF G
SIGNAL) H (z)=1

(HORIZONTAL DIRECTION OF R SIGNAL)

H (2)=1+z"2

(VERTICAL DIRECTION OF R SIGNAL)

H (z)=1

(HORIZONTAL DIRECTION OF B SIGNAL)

H (z)=1

(VERTICAL DIRECTION OF B SIGNAL)

H (2)=1+z"2

FIG. 7 is a graph showing characteristics of the interpo-
lation filter as represented by the transfer functions above, in
which the ordinate indicates gain of the interpolation filter,
while the abscissa represents operational frequency of the
interpolation filter. More specifically, for the image pick up
signal sampled at a prescribed sampling time, the frequency
plotted on the abscissa corresponds to a reciprocal of the
period of spatial change in the picked-up image.

The characteristics of the interpolation filter as repre-
sented by the transfer functions above for each of the R, G
and B color signals correspond to the curve P1, P2 and P3
shown in FIG. 7 with respect to the horizontal and vertical
directions.

As for the arrangement Hlshown in FIG. 3A, the G signal
can be obtained from the pixel which is at the center both in
the horizontal and vertical directions, and hence there is not
the necessity of interpolation. Therefore, the characteristic is
as represented by the curve P1, which is not dependent on
frequency.

As for the R signal, the characteristic is as represented by
the curve P1 in the horizontal direction, since interpolation
from left and right pixels is not necessary. However, in the
vertical direction, it is interpolated by using R signals of
upper and lower adjacent pixels. Therefore, the character-
istic is as shown by the curve P3 which lowers toward one
half (hereinafter referred to as % Nyquist frequency) of
Nyquist frequency Ng, which is the sampling frequency, and
has an alias component in the frequency range higher than
¥ Nyquist frequency.

Further, the B signal has the characteristic as represented
by the curve P3 in the horizontal direction as it is interpo-
lated by B signals from left and right pixels, and in vertical
direction, the characteristic is as represented by the curve
P1, since it is not interpolated from upper and lower adjacent
pixels.

As for the arrangement H2 of FIG. 4A, the G signal in the
horizontal direction has the characteristic as represented by
the curve P2 in which gain of high frequency component
lowers because of the characteristic of a two-dimensional
FIR filter as the G signals of left and right adjacent pixels as
well as upper and lower adjacent pixels contribute to inter-
polation. It has the characteristic as represented by the curve
P2 also in the vertical direction, since G signals from upper
and lower adjacent pixels as well as left and right adjacent
pixels contribute to interpolation.

As for the R signal, there are no pixels contributing to
interpolation in the central column, and hence in horizontal

































