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TELEVISION SYSTEM HAVING APERTURE
CORRECTION

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

CROSS REFERENCE

This case is a continuation of application Ser. No.
624.944 filed on Mar. 21, 1967 and now abandoned, the
priority of which is hereby claimed.

The invention relates to a color television system
comprising a camera having three camera tubes for
producing electric signals for the red, blue and green
color components respectively, of the image to be taken
by the camera. The image reproduced as a potential
image on the target plates
verted by lines and fields into red, green and blue color
signals. The system further comprises means for deriv-
ing a contour signal by comparing one of the color
signals with itself at more or less adjacent points of the

potential image.

In color television systems based on the principlf: of
three primary colors: red, green and blue, the hgl}t
emanating from the scene to be taken by the camera 18
split up into the three color components. For each color
component a potential image is produced on the target
plate of the relevant camera tube. By means of an elec-
tron beam from the electron gun of the camera t_ube th'e
camera tube provides a color signal by scanning this
image in lines and fields. The three color signals can
then be transmitted in known manner to a color televi-
sion receiver or monitor, so that the screen of the dis-

play tube provides a color picture.

The following errors may appear in the picture on the
screen of the display tube:

First, in shadow-mask color television display tubes
having three electron guns the color picture is obtained
by the superposition of a red, green and blue image on
the screen of the display tube. If at the transmitter end
coincidence errors appear, they will become manifest in
the form of time errors in the three color signals, so that
the three images produced by the color signals will not
cover each other completely. The display therefore also
shows superposition or coincidence errors, which are
particularly conspicuous at the transitions (in the color
gradations) of the image. These transitions correspond
to the high frequencies in the color signals. In order to
eliminate the reproduction of the superposition errors
on the screen of a display tube, the high frequencies of
only one color signal has been transmitted, while they
are eliminated from the two other color signals. This
may be achieved by suppressing the high frequencies in
two color signals by filtering the color signals emanat-
ing from the camera, or by causing the relevant camera
tubes to provide only the low frequencies of the two
color signals.

However, this method does not eliminate the second |

error, which is faded transitions in the picture on the
screen of a display tube. This error is produced by the
small, but finite, cross-section of the electron beam
produced by the electron gun of the camera tube. The
size of the cross-section of the electron beam on the
target plate of the camera tube determines the possibil-
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ity of transferring transition information of the potential
image on the target plate to the signal provided by the
camera tube. An electron beam of small cross-section
will transfer the transition information fairly satistacto-
rily to the output signal of the camera tube. An electron
beam of larger cross-section, which comprises a current
related to two adjacent contrast values at the place of
the transition in the potential image, provides in a cam-
era output signal which is an average of the contrast
values. Therefore, the transition of the image 1s repro-
duced in faded fashion on the screen of the display tube.
It is obvious that a minimum cross-section of the elec-
tron beam on the target plate of the camera tube 1s
desired. However, the minimum cross-section is deter-
mined by the maximum current density of the electron
beam, which determines the maximum transfer of elec-
tric charge. A remedy for the lack of sharpness de-
scribed is, in general, found in aperture correction by a
method also employed in monochrome television. The
influence of the size of the cross-section of the electron
beam on the reproduction of the transition information
of the image in the output signal of the camera tube is
corrected by deriving a contour signal from the televi-
sion signal, said contour signal being subsequently
added to the television signal. This method is described
inter alia in the article: ‘*A Vertical Aperture Equalizer
for Television” in the “Journal of the SMPTE,” June

1960, pages 395-401 of W. G. Gibson and A. C.
Schroeder. The principle of aperture correction de-
scribed in this article may be applied to the line
scanning (for example in the horizontal direction) or to
the field scan (for example in the vertical direction) of
the screen of the display tube. The contour signal is
obtained by the comparison of the color signals at more
or less adjacent points of the potential image by means
of delay lines. In order to obtain the contour signal 1n
the line direction the delay time is short, and in a
direction at right angles to the former the delay time 1S
usually one line period or, sometimes, about one field
period. By adding the contour signal to the color
signal, which would not exhibit sharp transitions in 1ts
reproduction on the display screen, an aperture-cor-
rected color signal is obtained. This aperture-corrected
color signal provides sharp transitions and even over-
compensation; so that the transitions are emphasized.
This emphasis may be attributed to the intensity and to
the spatial extension of the contour signal on the

display screen.
In the color television system based on the principle

of three primary colors: red, green and blue, 1n which a
camera having one camera tube for each of the three
colors it is known to apply aperture-correction to each
of the color signals. If an image reproduced on the
display screen exhibits superposition errors, which are
particularly conspicuous at the transitions and if aper-
ture-correction is applied to each of the three color
signals in the manner described above 1n order to fur-
ther define the contrasts, the superposition errors be-
come even more manifest by the aperiure correction.

According to the invention an aperture-corrected
picture is obtained on the display screen without visible
superposition errors by applying only one color signal
to said means for obtaining a contour signal, so that a
contour signal associated only with this color signal 1s
obtained. This contour signal is added to each of the
red, green and blue color signals separately, or to a sum
of them by means of a matrix network.

From the foregoing it will be seen that the invention
is based on the discovery that not only the superposition
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errors, but also the fading transitions are visible only in
the contours of the displayed pictures. Therefore, an
improved result is obtained by leaving the high frequen-
cies as they are ([[since] though in this manner the
fading transition is not corrected), while only aperture-
correction is derived from only one color signal, so that
both the superposition error and the fading transition
are remedied.

In principle it 1s not important which color signal is
employed for obtaining the contour signal. In practice 1t
is found that the color signal forming the greatest com-
ponent of the brightness signal composed of the three
color signals provides the best results. In systems hav-
ing a bnghtness signal Y=0.30R+40.11B+40.59G
wherein R, G and B designate the red, green and blue
color signals respectively, the green color signal is
chosen.

The invention will be described more fully by way of
example with reference to the following embodiments.

FIG. 1 shows a first embodiment of a color television
system according to the invention and

FIG. 2 shows a second embodiment.

Referring to FIG. 1, the camera tubes 1, 2 and 3
produce the color signals green G, red R and blue B
respectively. These color signals are obtained by pro-
jecting, in a manner not shown in FIG. 1, the particular
color component of the image to be transmitted onto
each target plate of the camera tubes 1, 2 and 3, these
three target nlates being simultaneously scanned by the
respective electron beams. The camera tubes 1, 2 and 3
supply the color signals, G, R and B to conductors 4, 5
and 6 respectively. In connection with the aforesaid
choice of the color signal G for deriving the contour
signal, the conductor 4 applies the color signal G to the
means 7 for deriving the contour signal. This contour
signal is supplied by means 7 to the conductor 8,
whereas the conductor 9 conveys the green color signal
G. Then the contour signal of the green signal G 1s
applied through the conductor 8 and the color signals
G, R and B are applied through the conductors 9, 5 and
6 respectively to summation devices 10, 11 and 12 and
are added therein. From the output of each summation
device 10, 11 and 12 there can be derived the aperture-
corrected color signals G*, R*and B*. It will be obvious
that this diagram may include further elements such as
amplifiers, non-linear parts, filters and, if desired, delay
lines and so on. When gamma correction is applied to
the color television system, very good results are ob-
tained on the display screen by deriving the contour
signal from a non-gamma-corrected color signal and
adding it subsequently to the gamma-corrected color
signal.

The elements shown in FIGS. 1 and 2 are designated
by the same reference numerals. The color signals G, R
and B are applied through the conductors 9, § and 6
respectively to a matrix network 13, in which the
brightness signal Y is composed. The contour signal
derived by the means 7 from the green color signal G 1s
added through the conductor 8 in the summation device
14 to the brightness signal Y. At the output of the sum-
mation device 14 appears the aperture-corrected bright-
ness signal Y*.

The means 7 for deriving the contour signal are
shown in detail in FIG. 2. By means of storage tubes an
integral aperture correction may be obtained in the line
direction and in the direction at right angles thereto. If
delay lines with separate aperture correction of the
vertical and horizontal directions are used, a diagram as
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4

shown with the contour signal deriving means 7 in FIG.
2 1s employed. The contour signal in the vertical direc-
tion 1s provided by a means 15, while a means 16 is used
to generate a contour signal in the horizontal direction
so that through the summation device 17 the total con-
tour signal is applied to the conductor 8 and hence, to
the luminance signal by adder 14.

In detail, the vertical contour signal generator com-
prises delay lines 20 and 21 each having a delay of about
one line period, 1.e., 64 microseconds. The undelayed
and twice delayed signals are added together by adder
22 and the resultant sum subtracted in subtractor 23
from the once delayed signal. The result is a vertical
contour correction signal that is delayed by about 100
nanoseconds tn delay line 24, and then applied to one
input of adder 17.

Similarly, the once delayed signal from vertical gen-
erator 15 1s twice delayed by about 100 nanoseconds
each time by delay lines 26 and 27 in horizontal contour
signal generator 16. The undelayed and twice delayed
signals are added in adder 28 and then subtracted from
the once delayed signal in subtractor 29. The resultant
horizontal contour correction signal is then applied to
adder 17, the output of which is said total contour sig-
nal. A delayed green signal is applied through conduc-
tor 9 to said matrix 13.

It will be obvious that aperture correction may also
be used in one direction within the scope of the inven-
tion.

The color signals G through the conductor 9 will
have a time delay, because of delay lines 20 and 26 with
respect to the color signals R and B through the con-
ductors 5 and 6. By means of a delay line in each of the
conductors 3 and 6 the short difference in time in the
horizontal direction and the time difference, for exam-
ple, one line period, in the vertical direction may be
eliminated, since this delay becomes manifest on the
display screen 1n a shift of the green field with respect to
the red and blue fields. By using interlacing in compos-
ing the picture on the display screen, this shift at right
angles to the horizontal direction is distinctly visible.
The shift of the fields may be obviated 1n a simple man-
ner by shifting the scan of the target plate by the elec-
iron beam in the green camera tube 1 with respect to the
scans 1n the red and blue camera tubes 2 and 3 respec-
tively. With interlacing this means that in the vertical
direction, the electron beam of the green camera tube 1,
scans the line (n+2) at the instant when in the red and
blue camera tubes 2 and 3 in the line n 1s scanned. More-
over, the delay in the horizontal direction can be cor-
rected by a similar small shift in the horizontal direction
over at least one image point.

As stated above, the contour signal 1s derived from
the green color signal only by ay of example, since this
signal provides the greatest contribution to the bright-
ness signal. The principle of the invention with its ad-
vantages may be applied, thought with less effective
results, when the contour signal i1s derived from the red
or the blue color signal.

What 1s claimed 1s:

1. A color television system comprising means for
producing potential tmages corresponding to each of
three color components of an optical image and con-
verting said potential images into color component
signals, means to derive a delayed signal from one of
said color component signals by comparing the color
component signal with itself at substantially adjacent
points of the potential image to thereby obtain a contour
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signal associated with said color component signal, and
means for adding said delayed signal to all of said color
component signals to sharpen transitions therein.

2. A color television system as claimed in clann 1
wherein said three color signals comprise red, blue, and
green signals respectively and the delayed signal 1s de-
rived from the green color signal.

3. A color television system as claimed in claim 1
wherein an output signal comprises separate color sig-
nals and the delayed signal is added to the individual
color signals.

4. A color television system as claimed in claim 1
wherein said adding means adds said color signals to
form an output signal and the delayed signal i1s added to
the output signal comprising the sum of the color sig-
nals.

5. A color television system as claimed in claim 1
wherein said means for deriving a delayed signal com-
prises means for deriving both a horizontal and a verti-
cal aperture correction signal.

6. A device as claimed in claim 5§ wherein said delay
means further comprises means for obviating said delay
including means for shifting the scan of the signal
source from which the delay signal is derived with
respect to the scan of the remaining signal sources.

7. A color television system comprising means for pro-
ducing potential images corresponding to each of three
color components of an optical image and converting said
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potential images into color component signals, means to
derive delayed horizontal and vertical signals from only
one of said color component signals by comparing said one
color component signal with itself at substantially adjacent
points of the potential image to thereby obtain a contour
signal associated with only said one component signal, and
means for adding said contour signal to an output signal
which included all of said color component signals 1o
sharpen image transitions therein.

8 A color television system as claimed in claim 7
wherein said three color signals comprise red, blue and
green signals respectively, and the contour signal is derived
from the green color signal only.

9. A color television system as claimed in claim 7
wherein said output signal comprises separate color signals
and the contour signal is added to each of the individual
color signals.

10. A color television system as claimed in claim 7
wherein said output signal is a composite signal formed by
adding said color signals in predetermined portions and
said contour signal is added to said composite signal.

11. A color television system as claimed in claim 7
wherein said delay means further comprises means for
obviating said delay including means for shifting the scan
of the signal source from which the delay signal is derived

with respect to the scan of remaining signal sources.
*® * X ¥ X
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