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1

WHITE BALANCE CONTROL SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a white balance control
system, and more particularly to a system for easy and
accurate control of the white balance of the video sig-
nal of color television cameras.

2. Description of the Prior Art

In color television cameras, the white balance is lost
generally by changes in color temperature of illumina-
tion for an object to be televised, or by secular change
of video amplifiers or other components of the image
pickup tube due to variations in temperature or the
like. It is the practice in the prior art while televising a
white object, to control the gains of gain control cir-
cuits provided in all or in two of the amplifiers for the
red, green and blue video signals in a manner to retain
the signals at substantially the same level. However,
control of each color exerts a influence upon the bal-
ance of the other two colors, so that accurate adjust-
ment of the white balance is difficult and the operation
E therefor 1 therefore is troublesome.

SUMMARY OF THE INVENTION

In the white balance control system of this invention
a gain control stage is provided in each of the two
amplifiers for three primary color video signals and the
output levels of two of the three color video signals are
simultaneously adjusted relative to that of the other
remaining one. Consequently, when a white object is
televised, the white balance is automatically adjusted in
accordance with illumination of the object. Further,
memory circuits are provided for maintaining the opti-
mum gains of the amplifiers, so that an object can be
televised with the white balance being well adjusted.
Since control of the gain control stages of the amplifi-
ers is achieved only at the time of operation of a man-
ual switch, adjustment of the white balance can be
readily carried out by the manual switch.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing one embodiment
of the white balance control system of this invention;

FIG. 2 is a circuit connection diagram showing the
principal part of the system illustrated in FIG. 1;

FIG. 3 is a block diagram showing another embodi-
ment of this invention; and

FIG. 4 is a circuit connection diagram showing the
principal part of the system depicted in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1 reference numeral 1 indicates a color tele-
vision camera, from which are derived, at its output
terminals T, T, and Ty, red, green and blue video
signals R, G and B, and these color video signals are
respectively supplied through transmission lines to a
matrix circuit 2, from the output side of which are
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2
derived color difference signals R-Y and B-Y and a
luminance signal Y.

In the red and blue signal transmission lines there are
provided gain control circuits 3a and 3b and memory
circuits 4a and 4b for supplying them with control
signals to hold their conditions. In this case the memory
circuits 4a and 4b are supplied with compared outputs
of the color signals through interlocking manual nor-
mally open switches Sy and S, from subtraction circuits
Sa and 5b including integration circuits. More specifi-
cally, the memory circuit 4a disposed on the side of the
red signal system is supplied with the compared output
of the red and green signals R and G, while the memory
circuit 4b provided on the side of the blue signal system
is supplied with the compared output of the blue and
green signals B and G.

In response to one on-off operation of the manual
switches S, and S,, the memory circuits 4a and 4b
memorize the compared outputs derived from the sub-
traction circuits 5a and 5b at that time and after the
switches S; and S, are turned off, the circuits 4a and 4b
remain unchanged and control the gain control circuits
3a and 3b at the memorized level. FIG. 2 shows con-
crete circuit connections for this purpose, in which the
memory circuits 4a and 4b are each made up of 2 mem-
ory capacitor C, and a field effect transistor (hereinaf-
ter referred to as FET) Q;. In order for the FET Q, to
provide a higher input impedance, the FET Q, is con-
structed in the source-follower form and the memory
capacitor C, is connected between its gate and ground.
With such an arrangement, the gate input impedance of
the FET Q, is approximately 10'° ohms and, when the
capacitor C, is supplied with charge through the man-
ual switch S, (S,), the capacitor C, stores the charge for
a long time and memorizes its level.

The source output of the FET Q, is applied to the
gain control circuit 3a (3b), which is, for example, a
differential amplifier £-1 type gain control circuit
consisting of transistors Q,, Q; and Q, and in which the
base of the transistor Q, is supplied with the source
output of the FET Q,.

Thus, the polarities of the compared outputs of the
subtraction circuits 5a and 5b are selected in accor-
dance with the level difference of the color video sig-
nals applied thereto. In the red signal system, the
polarity of the compared output of the subtraction
circuit 5a is selected such that, when the level of the
red signal R is lower than that of the green signal G, the
amplification degree of the gain control circuit 3a is
increased by the compared output of the subtraction
circuit 5a to raise the level of the red signal R applied
to the matrix circuit 2. Conversely, when the level of
the red signal R exceeds that of the green signal G, the
amplification degree of the gain control circuit 3a is
decreased to lower the level of the red signal R fed to
the matrix circuit 2. Similarly, in the blue signal system,
the polarity of the compared output of the subtraction
circuit Sb is selected so that, when the blue signal B is
lower in level than the green signal G, the amplification
degree of the gain control circuit 3b is increased and
that in the opposite case it is decreased. Thus, the out-
puts of both gain control circuits 3a and 3b are con-
trolled so that all the color signals R, G and B supplied
to matrix 2 will be at substantially the same level and
this condition is memorized by the memory circuits 4a
and 4b to maintain the amplification degrees of the
gain control circuits 3a and 3b.
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When the color television camera 1 picks up the
image of an object which is reproduced in white in its
entirety, the color signals derived at the output termi-
nals Ty, T, and Ty should [to] be at the same level.
If each color signal is different in level from the others,
the red and blue signals R and B are simultaneously
compared by the subtraction circuits 5a and Sb with
the green signal G and the resulting compared outputs
are respectively memorized in the memory circuits 4a
and 4b by the closing operation of the switches S, and
S,. The gain control circuits 3a and 3b are controlled at
the memorized level, by which the color signals R, G
and B supplied to the matrix circuit 2 are rendered
substantially equal in level to one another and are held
at that level.

Consequently, in accordance with this invention the
white balance in the camera can be adjusted and held
in the adjusted condition only by closing the switches §,
and S, while picking up the image of an object to be
reproduced in white.

The white balance adjustment can be achieved by
reducing, for example the color difference signal to
zero. FIG. 3 is a circuit connection diagram of one
example of such a method and FIG. 4 shows its princi-
pal circuit connections. The red and blue video signals
derived from a color television camera 11 are applied
to a matrix circuit 13 through gain control circuits 12a
and 12b, while the green video signal is fed directly to
the matrix circuit 13, from which are derived a lumi-
nance signal Y and color difference signals B-Y and
R-Y. The color difference signal R-Y is supplied
through a clamp circuit 14a, an integration circuit 15a
and a switch S, to a memory circuit 16a which controls
the gain control circuit 12a. The other color difference
signal B-Y is similarly applied through a clamp circuit
14b, an integration circuit 15b and a switch S, to a
memory circuit 16b which controls the gain control
circuit 12b. The clamp circuits 14a and 14b are pro-
vided for eliminating a level change resulting from a
change of the dark current in the image pickup tube.

In practice, the above circuits are constructed, for
example, as shown in FIG. 4, in which case, however,
an amplifier 17 consisting of transistors Q; and Qs is
provided to amplify the color difference signal R-Y
before it is applied to the clamp circuit 14a.

In the event that the image of a white object is picked
up by the camera 11 and the switches S, and S, are
turned on, the color difference signal R-Y amplified by
the amplifier 17 is supplied to the clamp circuit 14a. A
transistor Q, of the clamp circuit 14a is switched on
and off by a clamp signal applied to its base in synchro-
nism with a horizontal synchronizing signal, thereby
clamping the color difference signal R-Y at a voltage
depending upon the collector voltage of a transistor Q.
The clamped color difference signal R-Y is integrated
by the integration circuit 15a and is then applied
through the switch S; to the memory circuit 16a made
up of a FET Q, of the source follower connection.

In the event that the white balance of the output of
the matrix circuit 13 is lost, a voltage corresponding to
the color difference signal R-Y is charged and main-
tained by a capacitor C,; connected between the
[ base 3 gate of the FET Q, and ground. Accordingly,
the gain of the gain control circuit 12a consisting of
transistors Q,q, Qy; and Q,, is selected and even after
the switch S, has been turned off the selected gain is
maintained. Since similar operations are also carried
out in connection with the blue signal, white balance
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4
can be easily adjusted by a simultaneous operation of
the switches S; and Sy when required.

Although the present invention has been described in
connection with the gain control circuits whose ampli-
fication degree is controlled, it is possible to use gain
control circuits whose attenuation is controlled. Fur-
ther, it will be readily understood that the memory
circuits may be of other connection.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of this invention.

We claim as our invention:

1. A white balance control system comprising a first
gain control circuit [,] and means for applying a first
color video signal to the first gain control circuit L,J ;
a second gain control circuit ,] and means for apply-
ing a second color video signal to the second gain con-
trol circuit £, means for applying a third color video
signal, means for producing a first color difference
signal, 1, means for producing [a] first and second
color difference [ signal between the first color video
signal as received from the first gain control circuit and
the third color video signal, means for producing a
second color difference signal between the second
color video signal as received from the second gain
control circuit and the third color video signal, } video
signals and means for applying a third color video signal
to said last-named means, said first and second gain
control circuits being connected to said last-named
means; a first memory circuit connected to said first
gain control circuit for controlling the first gain control
circuit [,J ; a second memory circuit connected to said
second gain control circuit for controlling the second
gain control circuit, said first and second memory cir-
cuits respectively comprising first and second capacitors
connected to have signals derived from said first and
second color difference signals, respectively, applied
thereto, and field effect transistors having gate electrodes
connected to said capacitors to memorize the signals
applied to said capacitors; and means for selectively
applying the first and second color difference video
signals to the first and second memory circuits, respec-
tively, the first and second memory circuits storing the
color difference signals applied thereto for maintaining
constant the gains of the first and second gain control
circuits.

£ 2. A white balance control system as claimed in
claim 1 wherein the first and second memory circuits
respectively comprise field effect transistors and mem-
orize the color difference signals in capacitors con-
nected to the gates of the transistors. 1

3. A white balance control system as claimed in claim
L2 !/ wherein the field effect transistors are [ of
the 1 connected as source [follower connection]}
followers and supply their source voltages to the respec-
tive gain control circuits.

4. A white balance control system as claimed in claim
1 wherein the first, second and third [ color ¥ video
signals are each any one of red, blue and green signals.

5. A white balance control system as claimed in claim
4 wherein the [ first and second } color difference
video signal producing means are first and second sub-
traction circuits [, respectively 1.

6. A white balance control system [ as claimed in
claim 4 which is provided with J comprising a first gain
control circuit and means for applying a first color video
signal to the first gain control circuit; a second gain
control circuit and means for applying a second color
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video signal to the second gain control circuit; a matrix
circuit for producing R-Y and B-Y color difference
signals [,] and means for applying a third color video
signal to said matrix circuit, said first and second gain
control circuits being connected to said matrix circuit; a
first memory circuit connected to said first gain control
circuit for controlling the first gain control circuit; a
second memory circuit connected to said second gain
control circuit for controlling the second gain control
circuit; and means for selectively applying the R-Y and
B-Y signals [ being supplied 1 to the first and second
memory circuits, respectively, the first and second mem-
ory circuits storing the color difference signals applied

20

25

30

35

40

45

50

55

60

65

6

thereto for maintaining constant the gains of the first and
second control circuits.

7. A white balance control system as claimed in claim
6 wherein the first and second memory circuits [ are ) |
each [ provided with 3 comprises a clamp circuit and
an integration circuit.

8. A white balance control system as claimed in claim
1 wherein the color difference video signal applying
means are actuated when [ the image of a white object
is picked up 1 said first, second, and third color video
signals are related to each other in magnitude in corre-

spondence with a predetermined white level ratio.
% * * * *



