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~ (71) = We, SONY CORPORATION, a corporation organised and existing
under the laws of Japan, of 7-35 Kitashinagawa-6, Shinagawa-ku, Tokyo, Japan, do
hereby declare the invention, for which we pray that a patent may be granted to us,
and the method by which it is to be performed, to be particularly described in and
5 by the following statement:— ' o e
This invention relates to solid state colour cameras and more particularly to’
solid state colour cameras using a solid state image sensing means from which a
colour video signal of the quasi-NTSC system is obtained. : :
) In the art, when a charge coupled device (CCD) is used as a solid state image
10 sensor, the CCD is usually constructed as shown in Figure 1 of the accompanying 10
~ - drawings. The solid state image sensor 10 shown is of the frame (or fi€ld) transfer
type. An image sensing array 1A on which an image is projected comprises a
plurality of image sensing cells 2 (serving as picture elements) arranged in rowsand
columns, and is associated with a temporary storage array 1B which is substantially
15 the same as the image sensing array 1B in construction except that it’is optically 15
shielded and stores carriers corresponding to the image on the image sensing array :
1A and transferred from the image sensing array 1A tothe positions cofresponding
to those of the image sensing array 1A, and a horizontal shift register 1C which
reads out the information carriers of one horizontal scanning period (1H) from the
20 storage array 1B and supplies the information to an output terminal*3.-Channel 20
‘stoppers 4 extending in the carrier transfer direction. #itise .. o T . g
Figure 2 is a diagram of a few of the image sensing cells 2 of the iffage sensing
array 1A on an enlarged scale. The image sensing cells 2 are-aligned-in the
horizontal and vertical scanning directions parallel with one another, and =, is the
25 pitch of the image sensing cells 2 in the horizontal direction. The arrangement in 25.
' Figure 2 corresponds to an interlaced system. Thus, the image sensing cells 2 shown
by 'solid lines in Figure 2 are used in odd fields, while the image sensing cells 2
shown by dotted lines are used in even fields.

~ A CCD with an arrangement of image sensing cells as shown in Figure 2 is
conventionally called a parallel-aligned CCD. A CCD in which the arrangement of 30
“image sensing cells is, for example, in checker-board pattern can be also used as a
solid state image sensor.
Figure 3 shows a part of one example of a checker-pattern CCD. Areas of each -
3 image sensing cell 2 are optically shielded over 74/2, that is, one half the pitch, as
35 shown by the hatched portions in Figure 3 and the optically shielded areas are 35
arranged alternately so as to make the output signals of adjacent lines have
opposite phases.
Figure 4 is a diagram of a vew of the image sensing cells 2 on an enlarged scale.
Before describing a solid state camera using such a CCD, a problem which
40 arises when using such a CCD in a solid state camera will now be described. 40
Since the input light information corresponding to the image of an object is
converted to electric signals by being sampled at every image sensing cell, the
signal S, picked up includes a sideband component (ac component) S, in addition
to a base-band component or modulated component (dc component) Spc which will
45 become a luminance signal, as shown in Figure 5. This means that a part of the side- 45
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band component S,, overlaps a high-band portion of the modulated compdnent Soc

and causes so-called ‘folded error’ S,,,. This causes deterioration of the quality of
the reproduced picture. : v .

It is, however, possible to eliminate the folded error by suitably selecting the-

band-width of the modulated component S,, and the fundamental transfer
frequency (sampling frequency) fo(=1/z,), but this generally means that the band-
width of the modulated component S, must be selected to be narrow. If the band-

width of the modulated component S, is selected, for example, to be about 3.5 -

MHz, as is usual, the number N,, of image sensing cells in the horizontal scanning
direction must be increased, because the transfer frequency f; becomes high as the
band-width of the modulated component S is widened. Thus the above methods

" are not suitable in practice. ‘

A previously proposed solid state camera which is free from the above
problem will now be described. In such a camera, as indicated in Figure 6, three
CCDs 10A, 10B and 10C are used, and are relatively displaced by 7,/3 from one
another with respect to projected images. Thus, if the side-band components
derived from the CCDs 10A, 10B and 10C are taken as S,,, S,, and S,
respectively, and the time relation on reading out signals from the CCDs 10A, 10B
and 10C is selected to have a phase difference of 120°, the phase difference
between the adjacent side-band components S, S, and S,. becomes 120° as
shown in Figure 7. Thus, as shown in Figure 8, if output signals S _,, S , and S, from
the CCDs 10A, 10B and 10C which satisify the above time relation are supplied to
an adding circuit 5, the adding circuit 5 produces a signal S; in which the side-band
components S, S, and S, are cancelled and hence there is no folded error. The
solid state camera shown in Figure 8 is disclosed in U.S. Patent No. 3,975,760, so a
detailed description thereof will not be given. But, in Figure 8, an object 6 is
imaged by an optical system 7 onto a spectroscopic system 8 which includes, for
example, half-mirrors 8a and 8b, and mirrors 8¢ and 84. Optical colour filters 12R,
12G and 12B are located in front of the CCDs 10A, 10B and 10C respectively, a
matrix (decoder) circuit 9 is supplied with the signal S; from the adding circuit 5,
and an encoder 11 is supplied with the output signal from the matrix circuit 9 and
produces a colour (video) signal satisfying the NTSC system at an output terminal

11a. .

By using a plurality of CCDs, the number N, of image sensing cells of each
CCD can be decreased.

In order to obtain a desired colour signal of the NTSC system at the output
terminal 11a of the camera of Figure 8, it is conventional to supply the composite
signal S, from the adding circuit 5 to the decoder 9 and to carry out the conversion
processing of the signal. -

In order that the signal S; be satisfactory as a colour (video) signal Sy, of the
NTSC system (this system will hereinafter be called the direct NTSC system) the
following conditions (I) and (II) at least must be satisfied:

Sursc=Sv+S¢ o o
Sy=0.30,+0.59 Eq+0.11 E, . O
R-Y | B-Y

cos 2. fs.t+
1.14 2.03

S.= sin27.fs.t 3)
an
SR 455

fo=

S

525

= fy ‘ ' e (5)
where: : ' e
Eq, E; and E, are the R (red), G (green) and B (blue) colour signals
fs is the frequency of the colour sub-carrier - . o
f, is the horizontal scanning frequency
f, is the vertical scanning frequency.
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The condition (I) can be satisfied by suitably selecting, for example, the
spectroscopic system and demodulating system, and the condition (II) can be
satisfied by selecting, for example, the frequency f of the transfer- signal S;, which
will be fed to the horizontal shift register 1C of the CCD 10, equal to the frequency
f5(=3.57945 MHz) of the colour sub-carrier of the NTSC standard. ’

That is, since the input light information corresponding to the image of the
object is converted to the electric signals by being sampled at every image sensing

cell, the chrominance component in the picked-up output signal S, from the CCDs

10A, 10B and 10C is obtained as a carrier chrominance signal. More over, if the
transfer frequency f is selected to be equal to the colour sub-carrier frequency f;;
the carrier frequency of the carrier chrominance signal becomes the transfer
frequency of colour sub-carrier frequency to satisfy the above conditions (I) and
(I). As a result, even if the encoder 11 is not used, the colour video signal of the
NTSC system can be obtained. :

There is, however, a problem with such a camera, and this is a flicker
phenomenon in the reproduced picture, and this flicker phenomenon will now be

- described in the case of a parallel-aligned CCD. Figure 9A shows the spatial

arrangement of the image sensing cells 2 in the image sensing array of a CCD, and
Figures 9B and 9C show the disposition of the reproduced picture elements within

< a reproduced picture. :

The number N, of image sensing cells in the horizontal scanning direction in

~ one horizontal scanning period T, is expressed as follows:

Ny=fs.T, . (6)

Therefore, the displacement of the arrangement of the reproduced picture

elements from the spatial arrangement of the image sensing cells of a CCD can be
obtained from equations (6) and (4).

If an odd field at an odd frame is taken as a reference of first consideration, the
number of the last image sensing cell in N lines is given as follows:

N.N=N.f;.T, M
, _
T,

Since:

fy= ()

equation (7) can be expressed as follows, using also equation (4);

455°

N.NH= .f,,.'T,,.N

455 9
=———N .
2

- Thus, if N is an odd number, or since for the first line of this field N=I,

equation (9) can be rewritten as follows:

455

N,=

=an integer+>l/2' L S 0)

In general, if the order of reading out which corresponds to tele\/isioq écei_nning
is taken into consideration, the last image sensing cell N .N,, and the first image

sensing cell (N . Ny+1) in the following (N+1) line are 7, apart from each other, as
~are the other image sensing cells. Therefore, the fraction 1/2 in equation (10) means
. that the first cell in the next (second) line is displaced from the reference time of

the horizontal ‘scanning. period T, by 71,/2. That is, positions of the reproduced
picture elements between the N and (N+1) lines are relatively displaced by z,/2.
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Accordingly, at an odd field in an odd frame, a displacement of 7,/2 of
reproduced picture elements appears between the N line (odd line) and N+1 line
(even line) as shown in Figure 9B by the 'solid line. ,

Next, an even field in an odd frame is considered. In this case, since 264th line
becomes the first line, the number of image sensing cells between the lines 263 and
264 c_an'be’calc_,ulated, similarly to equation (9), as follows: = o

455
263 N,=263x 3 . Ty

1
=—x263x455
2

 —an integer+1/2 o o .. (10

. Thus, the reproduced pié(hre elements are displaced by 7,/2.

Accordingly, in the case of even fields, unlike odd field, the reproduced
picture elements of only the odd lines are displaced, which is shown in Figure 9B by
dotted lines. : S L

In the case of an even frame, the reproduced picture elements opposite to
those of the odd frame are displaced in the respective fields, which is shown in
Figure 9C. That is, in an even frame the reproduced cells on the odd lines of the
odd. field are displaced, while the reproduced cells on the even lines of the even
field are displaced. , o

As may be apparent from comparison of Figures 9B and 9C, the displacement
occurs between the odd and even frames, and there is a period of two frames.

When a checker-pattern CCD is used, a similar phenomenon occurs. In this
case, however, the displacement of the reproduced picture elements occurs in only.
one field in either of the odd and even frames, as shown in Figures 10A, 10B and

-10C.

According to the present invention there is provided a solid state colour
camera comprising: :

an image sensing device having a two-dimensional array of image sensing cells
extending in both horizontal and vertical directions; .

filter means for providing three primary colour separated images on said image
sensing device; : ' ’

means for reading out an image signal as to satisfy an interlaced signal reading
system of a standard television signal, said image signal comprising a luminance
signal and a carrier modulated chrominance signal;

means for supplying a carrier signal to said reading-out means, said carrier

‘signal being selected to differ by a small predetermined amount from a standard
colour sub-carrier frequency or a half thereof: and

means for selecting vertical and horizontal frequencies of a read-out image
signal.

The invention will now be described by way of example with reference to the
accompanying drawings throughout which like references designate like elements,
and in which: ' o . :

Figure 1 is a schematic diagram showing one example of a solid state image
Sensor; v
Figure 2 is a part of Figure 1 on an enlarged scale, showing a pattern of
imaging sensing cells of the sensor of Figure I; )

Figure 3 is a schematic diagram showing a part of another example of a solid
state image sensor, .

Figure 4 is a part of Figure 3 on an enlarged scale, showing a pattern of image
sensing cells of the sensor of Figure 3: )

-Figure 5.is a frequency spectrum diagram of an output signal from the image
sensor; S v ‘ i

- Figure 6 is a schematic diagram showing a spatial arrangement of a plurality of

-solid state image sensors:

Figure 7 is a phasor diagram showing the phase relation of side-band

“‘components; ..o

Figure 8'isa s&s'tématic-diagram showing an example of a previously proposed
solid state camera system; ' ’
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Figures 9A, 9B and 9C and 10A, 10B and 10C are diagrams used for explaining
the image sensing displacement of the camera of Figure §8;
) Fl_gures 11A, 11B, 12A and 12B are diagrams used for explaining the
invention;

Figure 13 shows a pattern of image sensing cells of a CCD which can be
employed in embodiments of the invention:

Figure 14 is a block diagram of an embodiment of solid state colour camera
according to the invention;

Figures 15 and 16 are waveform diagrams for explaining the operation of the
camera of Figure 14; and .

Figures 17A and 17B are schematic diagrams showing a CCD which can be
used in embodiments of the invention. :

In the embodiments, at least the phase of the colour sub-carrier frequency fg
expressed by equation (4) is repeated at the frame period, and accordingly the
colour sub-carrier frequency (sub-carrier) fy, which is used as the transfer
frequency f;, is determined by the following equation (11);

455 2 I+1
+

2 2x525

fe=( ) (1D

where:

I=0, 1, 2,...
FH= H

525 R ,
3 f, o (12)

F.=

or

525

F=fi\#fy; fi= fy;  Fy#fy (13)

2

where F, and F, represent the horizontal and vertical synchronizing signals used in
the embodiments, and f, and f, represent the horizontal and vertical synchronizing
signals used in the standard system.

_ In the case that F,, is the same as the horizontal scanning frequency f,, as in
equation (12), the sub-carrier {4 differs from the prior art somewhat. In such a case,
however, the term I in equation (11) is so selected that the frequency of a shifted
sub-carrier fg is within a synchronized capture range of the automatic phase control
(APC) circuit of a televison receiver, or preferably within a broadcasting standard.

" In general, even if the frequency of the shifted sub-carrier fg differs within a range

of about 10 Hz to 200 Hz from the normal value, the synchronization is not
disturbed.

In the case of equation (13), the respective values are selected within at least
the synchronized capture range. In general, there will be no problem even when f,,
is shifted by about +200 Hz and f, by about + several Hz.

The following description is for the case of equation (11), and consideration is
given to whether it is an integral multiple of 525 or not; namely, the following cases:

A, 21+1#525 M

B. 21I+1=525M
where M is an integer.
Firstly, in the case of A, in order to facilitate the explanation, the following
condition is assumed:

21+1=1
455 1

<+
2 2x525

fs=(

oy ' (14)
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Thus, the following equation (15) is established on the even field in an odd
frame:
455
263 . N,;=263x(—— + iy . Ty
2 2x525
263x455 263
+
2 2x525
1 1
5 =(m+ —)+ — 5
3
=m+ —
. 4 (15)
~ whereé:
; 263x455 1
=m+ —{(m being an integer)
2 2
263 1
2x525 4
10 ~From equation (15) it will be apparent that the reproduced picture elements 10
are displaced by 7,/4 in the even field.
' Although not described, in the odd field only the reproduced plcture elements
on the even line are dlsplaced by 7,/2 similar to the prior art, so that the
arrangement of reproduced picture elements becomes as shown in Figure 11B.
15 - “The reproduced picture elements on the even line of an even field is expressed 15
by the following equation (16) if N=264:
455 1
264 . N,=264x(—— + )
2 2x525
1
=m+ —(m being an integer) (16)
Thus, on the even line the reproduced picture elements are d1splaced by 3 TH/4
20 as shown in Figure 11B. 20
Next, an even frame will be considered; since the reproduced picture elements
are expressed by the following equation (17), the reproduced picture elements are
not dxsplaced on the first line:
455 1
525 . N=525(——+ )
2 2x525
1 1
25 =(m+ —)+ — 25
=m+1 (m being an integer) (17

Also, the reproduced picture elements on the next line are expressed by the
following equation (18), so that on the next line the reproduced picture elements
are displaced by 7,/2.
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526 . Ny=526(—— + )
2 2x525

|
=m+ — (18)
2

In an even field, the reproduced picture elements on the first line are given by
the following equation (19):

788x455 788
+
2 2x525

(525+263)N,=

3
=m+ — : (19)
4 .

so that the reproduced 'picture elements are displaced by t,/4 on the first line.
The reproduced picture elements on the next line are given by the following
equation (20):

789x455 789
(525+264)N,= +
2 2x525

1 3

so that the reproduced picture elements are displaced by 3 7,/4.

Thus, the reproduced picture elements are displaced in the even frames the
same as in the odd frames, so no displacement of reproduced picture elements
occurs between the fields, and the displacement of reproduced picture elements
between the frames can be eliminated.

Where the checker-pattern CCD is used, since the image sensing cells are
shifted by 7,/2 between the adjacent lines as shown in Figure 12A, the reproduced
picture elements are not displaced on odd fields but the reproduced picture
elements are only displaced on the even fields as shown in Figure 12B. Therefore, it
will be easily understood that if a checker-pattern CCD is employed, the
reproduced picture elements are displaced less as compared a CCD with a parallel-
aligned pattern and hence a reproduced picture becomes more stable.

If the spatial arrangement of image sensing cells is selected to be the same as
the arrangement of reproduced picture elements and accordingly a CCD, which
has the image sensing cell arrangement shown in Figure 13 (this type of CCD will
hereinafter be called a modified checker-pattern CCD), is used, the displacement
of reproduced picture elements becomes zero. When the modified checker-pattern
CCD is formed in practice, a diode array or the like is most preferred.

As described above, if the term (2 I+1) of equation (11) is selected to satisfy the
above condition A, it will be apparent that the required effect can be achieved.

Next, the above condition (I) will be described briefly.

In the spectroscopic system, in order to satisfy the following conditions (a) and

(b):
(a) the ratio of the levels of the R, G and B signals forming the luminance
signal in the NTSC system satisfies equation (2), and
(b) the side-band components become the colour difference signal of equation
3 :
the levels of output signals from the respective CCDs 10A, 10B and 10C must be
equal to one another, so that the spectroscopic characteristics of the colour filters
12R, 12G and 12B must be selected to satisfy the above conditions.

If colour filters transmitting light of a single colour as shown in Figure 8 are
used, the above conditions cannot be satisfied. Thus, colour filters having the

following spectroscopic characteristics are required.
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Firstly, the relation between the output signals S_,, S, and S, of the CCDs
10A, 10B, 10C, and signals R, G, B is expressed as follo“?s: *

¢

\

S

oa

5o b

5

- 0C

\ 4

-

) . 3

b
3

-

R

G - 2]

B
\ /

In the above equation (21), in order to satisfy the above conditions (a) and (b),
although a detailed explanation will not be given, it is sufficient that the constants
of r, to b, are selected, for example, as follows:

/ \
3| b 0-2028 0-1305 0-0000

9, b, | =|0-0423

0-0
\

5,4

0-2911

0-1684

0-0000] - - (22)

01100},
/

From equation (22), the levels Eg, Eg, E, of the output signals R, G, B become

as follows:

E

R

M+m*th

E

8=

(b,+ b, +b,) B

= 01100

- - (29)

!

Thereby, the condition (a) is satisfied. Moreover, since the output signals S,
S,, and S, from the respective CCDs 10A, 10B and 10C are expressed by the
following equation (24):

*R + 9 G = 0-3333
I I

S

—

oa

o

5

,ob:

ey

ocC

TZR + 326' =

0-3334

'rgP\+ 33(7-#- baB',: 0-3333

- . (21'_)

where R=G=B=1, the above condition (b) is also satisfied. Accordingly, the
filtering characteristics of the colour filters 12R, 12G, 12B which are disposed in
front of the CCDs 10A, 10B and 10C are determined to satisfy equation (22).
A solid state colour camera 30 which satisfies the above conditions (I) and (II)
will be described with reference to Figure 14. The respective horizontal shift
registers of three CCDs 10A, 10B and 10C of the camera 30 are supplied with the
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transfer signal S; obtained from a synchronizing board 31. In this case, as described
previously, the frequency f; of the transfer signal S; is selected as follows:

455 1

fo=f=( +

My

2x525

=3.579560 MHz (25)

It may easily be understood from the above description that the CCDs 10B and .

10C are supplied with transfer signals S, and S¢, (Figure 15) which are shifted in
phase by 2 /3 and 4 7/3 from the transfer signal S¢(S., hereinafter) supplied to the
CCD 10A by phase shifters 32 and 33. Thus, the output signals S,,, S, and S, are
alternately and successively derived from the respective CCDs 10A, 10B and 10C

with time delays, and then fed through sampling hold circuits 34A, 34B and 34C to.

an adding circuit 35 to be added or composed as a composite signal S;.

The composite signal S, is supplied to a low-pass filter 36 to be limited within a
desired band (about 4.5 MHz), and thereafter to a composite circuit 37 which is
supplied with various synchronizing signals so as to produce a well known
composite colour video signal Sy;s.. That is, a blanking pulsé signal BLK,
synchronizing signals VD and HD, and burst signals BURST obtained from the
synchronizing board 31 are supplied to the composite circuit 37.

The phase of the burst signal BURST is selected as follows. When -

‘demodulating the carrier chrominance signal at a receiver, the demodulating axes
are the R—Y axis and B-Y axis, but it is necessary that the colour signal
demodulated with these demodulating axes satisfies the condition of the NTSC
system, or equation (3). To this end, R—Y and B—Y axes are selected as shown in
Figure 16. An angle @ shown in Figure 16 can be determineéd, for example, as
follows: .

0=12.4° : (26a)

 The demodulated output signal (colour signal) S, in the case of equation (26a)
is expressed by the following equation (26b):

' - B-Y ..
5 = 0-245A V“.‘Icos 224 b+ 8% sfnzr.fs.t}

. . - (26b)

In equation (26b), A represents the output gain ratio of the side-band
component S,, to the modulated component S, so that, as the demodulated output
signal S, of the NTSC system, only the factor 0.245 A is different. However, the
factor 0.245 A can be made coincident with that of the NTSC system by utilizing
the operation of the automatic colour control (ACC) circuit of the receiver.

If the phase of the burst signal is selected to satisfy equation (26a) as shown in
Figure 16, the colour difference signal can be demodulated. To this end, as shown
in Figure 14, there are provided a level adjusting circuit 40 connected to the output
side. of the synchronizing board 31 and a phase adjusting circuit 39 connected
between the level adjusting circuit 40 and the composite circuit 37. - :

If the optical characteristics and transfer signal are selected as _descri'bed
above, a solid state colour camera of the direct NTSC system can be made, and also
a reproduced picture from the video signal therefrom is free from flicker.

. The above description is given only for the case of (2[+ 525 _M), but it is of
course possible in the case of (21+1=525 M) or the above conditiori B, that the

‘phase of the transfer frequency f. is repeated at every frame. Although the detailed

explanation will be omitted, if in the following equation (27):

455 M '
— + —)F, v -2
2 2 . -

f(
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M is an even number, a fraction (1/2) appears in the term of F,. Thus, M must be an
odd integer:. Therefore M=2 M'+1,; M’ being an arbitrary mteger
Therefore, equation (27) is rewritten as follows:

455 2 M'+1
fo=(——+ ————
- 2 -2

)Fy

T
*fe=(m+ —)x(M'+ —)F,,
o 2 - 2

SME e

where ‘M"” is an integer. -

In this case, F,, must be dlfferent from £y and the tolerance rangc of the former |

is determmed as follows
. . F, =f lAf
| Af=200Hz o "(29)

Further the transfer frequency f 1s selected for example to be wrthm several
tens of the Hz of fs above or below

-Since M=1, M"-—228 (or 227). Therefore, in thls case,. 1f FH is selected as '

15.69975 Hz ( 15 7689 Hz), the purpose can bé achieved wrthout changing. the
frequency fg: In other cases, the respective values can-be sélected suitably.

With equation (28), regardless of whether M” is even or odd, it can be satisfied,
and hence there is no displacement of the reproduced picture elements. Therefore,
it will be apparent that a CCD of parallel-aligned type is preferred.

© The foregoing description i is given for the case that the carrier frequency of a
colour difference signal is the repeating frequency of f=f. It is, however, possible
that even if, for example, the transfer frequency f; is selected as fs/2 and the
frequency where the second high harmonic (=f;) is obtained is selected as the
carrier frequency to produce the colour. dlfference s1gna1 the purpose can be
achieved.

In this case, however, since the transfer frequency f; is itself in the band of the
luminance component, it is necessary to eliminate the fundamental side-band
components produced about the frequency f.. Therefore, in the case where the
above system is employed, the signal processing system must cancel the above side-
band component by utilizing the vertical correlation.

As described above, if fi=fs/2 is used, the frequency f; is expressed as follows:

1

Thus if M” is odd ‘it is sufficient that the cxrcult is formed 30 as to reverse: the

phase of the transfer frequency f; at every frame. In'this casé; the displacement: of g

reproduced picture elements becomes as shown in Flgure.

pattern CCD is preferred. .+ .- i
‘As‘another example of the case that M" is odd 1t

is modified ‘as equation (11). : :
When M” 2 M”41, (M"' isan mteger) the followmg equa

h:.;‘f l ' 2 M,”'f‘l 2 I+]
e fm e i
2 2 2wss

. . With this system, the reproduced blcturel‘elem‘ents are displaced as shown in
Figure 11B, so that a CCD of modified checker-pattern is preferred, but a CCD of
a checker-pattern can be used without any trouble. .

fc=T_MIIFH . . N ,' ST e (30) .

B so that the. checker- L
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In case of M” being even, although the detailed explanation will be omitted, it
is sufficient to employ the transfer signal the phase of which is reversed at every | H
and every frame, and a CCD similar to that of the above example can be used.

As described above, the frequency of the transfer signal is selected to be very
near the colour sub-carrier frequency, so that various defects of the direct NTSC
system inherent to the prior art can be avoided. Accordingly, signal processing
circuits such as an encoder can be omitted to simplify the circuit construction, but
the deterioration of picture quality is avoided.

The above description is given for the case where three CCDs are used to form
the solid state colour camera, but it is not essential to use three. for example, one

CCD may be used.

Figure 17A shows the case where a single CCD is used. In this case, the R, G
and B colour signals are provided by a single CCD, so that three image sensing cells
S;» S, and S, make a unit as shown in Figure 17A. Figure 17A is the case of a
checker-pattern CCD. When the CCD is formed to satisfy the above conditions,
tl}_llc;,3 arrangement of the reproduced picture elements becomes as shown in Figure

WHAT WE CLAIM IS:—

1. A solid state colour camera, comprising:

an image sensing device having a two-dimensional array of image sensing cells
extending in both horizontal and vertical directions: ‘

filter means for providing three primary colour separated images on said image
sensing device; :

means for reading out an image signal as to satisfy an interlaced signal reading
system of a standard television signal, said image signal comprising a luminance
signal and a carrier modulated chrominance signal; . '

means for supplying a carrier signal to said reading-out means, said carrier
signal being selected to differ by a small predetermined amount from a standard
colour sub-carrier frequency or a half thereof; and

means for selecting vertical and horizontal frequencies of a read-out image
signal.

2. A camera according to Claim 1 wherein said carrier signal is selected to
satisfy the following equation:

455 2 I+1
+

fo=( +
2 2x525

)xFy

where 1'is 0, 1, 2,.. ., f is selected as said carrier signal, and F,, is selected as a
horizontal frequency. '

3. A camera according to Claim 2 wherein said image sensing device includes
three CCD imaging chips, said filter means of three primary colours are
respectively disposed in the light path of each of said CCD imaging devices, and
outputs of said CCD imaging chips are mixed to derive said image signal.

4. A camera according to Claim 3 wherein light transmitting characteristics of
each of said filter means are determined for said luminance signal to satisfy colour
ratios of a luminance component of a standard composite colour television signal.

5. A solid state colour camera substantially as hereinbefore described with
reference to Figure 14 of the accompanying drawings.

For the Applicants
D. YOUNG & CO.,,
Chartered Patent Agents,
9 & 10 Staple Inn,
London WCIV 7RD.
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