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DISTORTION CORRECTION FOR
TELEVISION SYSTEMS

Lewis B. Headrick, Short Hills, ¥. J., assignor to
Radio Corporation of America, a corperaiion

¢f Delaware

Apnlication May 29, 1937, Serial Ne. 145433

6 Claims.

The present invention relates to television ap-
paratus and primarily to systems for transmitting
television images. In its more specific applica-
tions, the invention is concerned primarily with
providing ways and means for compensating for
second order distortions which are introduced
into the television signals produced by reason of
the scanning of a mosaic electrode which is sub-
jected in an electronic image transmitting tube
both to the light of an image of which the elec-
tro-optical image is to be produced, and to the
action of a scanning electron beam used to pro-
duce television or video signals.

In a system of the type to which the present

5 invention is directed, it frequently happens that

while it is possible and practical to transmit tele-
vision image signals in which there is substantial-
ly a complete absence of first order distortion,
which would tend either to prevent a satisfac-
tory electro-optical replica of the light image at
the point of transmission being produced at var-
ious and selected receiving stations, or would so
badly distort the resultant electro-optical image
as to make the system completely impractical,
presently known systems are not entirely free
from. second order distortions.

One objectionable second order distortion effect
is that which is known in the art as “black spot”
or “dark spot” distortion. By “dark spot” distor-
tion is meant the production on the viewing plane
at the points of reception of an image in which
there is dark shading, frequently distributed at
random points or small areas about the viewing
ares of the receiver observation screen. Such
distortion tends to cause both an unduly dark
image at many places on the receiver viewing
sereen and also tends to make the highlights of
the image at areas, where ‘“dark spot” is ob-
servakle, less bright than should be the case. The
general effect observable is that of dark shadows
which would not actually be present in the opti-
cal image from which is developed the video sig-
nals for causing the electro-optical image at the
receiver.

As is well known in the art, in television trans-
mission systems it is customary, where the so-
called “storage type” of transmitter system of the
electronic type is used for the conversion of the
optical image into video signals, to provide an
image translating tube of the general type known
by the registered trade names “Iconoscope”
and/or “Iconotron” (vegistered trade-marks of
RCA Manufacturing Co. Inc. #325,875 and
#342 360 respectively). Such an image transmit-
ting tube, which is the so-called “electrical eye”

(CL 178—17.2)

of the system, is a cathode ray tube wherein
there is provided means for developing and mov-
ing in desired co-ordinates an electronic scan-
ning beam. The scanning beam is arranged to
impinge upon and to traverse under the contrel &
of suitable deflecting voltages or currents, a mo-
saic electrode. In one type of transmitting tube,
which may be illustrated by way of example in
order to show an application of the present in-
vention, the mosaic electrode is formed from a
conducting signal plate which is connected to a
first amplifying stage in such manner that the
amplifier input circuit receives the signal energy
in accordance with a varying voltage drop across
a resistor connected in series  with the signal 15
plate. Supported directly upon the signal plate
is an insulating member or dielectric sheet (such
as a mica layer) which, in turn, supports photo-
sensitive material which releases primary photo-
electrons in accordance with the light of the opti~
cal image impinging thereupon. The photosensi-
tive material is formed as a series of minute-size
particles, each electrically insulated one from the
other, and may be formed according to the meth-
ods described and claimed by U. S. Patenis .25
#2,065,570 and #2,062,122 granted to S. F. Essig
and assigned to Radio Corporation of America.
The optical image of which an electro-optical
replica is to be produced, is projected directly
upon this photosensitive portion of the mosaic
electrode, and the release of the photoelectrons
causes electrostatic charges to build up between
the photoelectric particles and the signal plate
or back plate. When the cathode ray beam tray-
erses and scans the photosensitive particles of the .3
mosaic electrode, the stored electrostatic charges
are neutralized or released. The charge accumu-~
lated and then released represents the light value
of related elemental area of the optical image and
causes the production of signal modulations which
constitute the video signals for transmission.
However, during the time when the scanning
electron beam or cathode ray is fraversing the
mosaic electrode,. there develops frequently a
spurious or undesired signal which causes the
above mentioned phenomena of darkened areas
of the image reproducing screen of the receiver.
Such “dark spot” signal may result from many
causes, and while it is considered unnecessary to
describe in detail all of these causes, inasmuch as
a rather complete analysis thereof has been made
in application of Harley A. Iams entitled “Dis-
tortion correction for television systems” filed con-
currently herewith, it may be mentioned in pass-
ing that the “dark spot” signal at the receiver is

10

30

40

45

58




10

15

20

25

30

35

40

45

50

=18
(43

60

2

thought to result from the non-uniform velocity
of the scanning of the photoelectric elements of
the mosaic electrode by the scanning beam, also
it results from the location in space of the var-
ious minute-size isolated photoelectric particles
of the mosaic relative to the source of the scan-
ning beam, as well as from the various electrical
field distributions occurring across the surface of
the mosaic electrode, and, in addition, results
from the action of the scanning spot itself upoik
the mosaic electrode releasing secondary elec-
trons upon impact which because of the potential
distribution over the mosaic electrode surface fre-
quently come to rest in an undesirable pattern.

It has been found in practice that the “dark
spot” phenomena usually results from the char-
acter of the photosensitive portion of the mosaic
electrode. While the “dark spot” characteristics
are not entirely uniform from one scanning tube
to the next, there is, nevertheless, a considerable
degree of relationship between the characteris-
tics of different scanning tubes, and the “dark
spot” signal resulting from various image scan-
ning tubes is usually closely related in position of
occurrence on the viewing screens at the re-
ceivers or monitors.. Consequently, it is possible
to provide a substantial degree of compensation
for the “dark spot” phenomens through the use
of two separate scanning tubes operating simul-
taneously and co-phasally. Upon one of these
scanning tubes is projected the optical image
which it is desired to reproduce electro-optically
at receiving points, while on the other of which
no optical image need be projected. If the two
tubes are operating simultaneously and co-
phasally with respect to each other, then it is
possible, by combining the outputs from each in
phase opposition, to utilize the cutput signal from
the non-illuminated transmitting tube (which is,
In reality, only a “dark spot™ signal output) to
compensate for the “dark spot” signal accom-
panying and distorting the video signal output
of the illuminated tube during scansion of the
illuminated mosaic.

Accordingly, it is an object of the present in-
vention to provide a simplified method and means
for compensating for objectionable “dark spot”
phenomens in a reproduced television image.

It is also an object of the present invention to
provide a system of “dark spot” compensation
which will require the continuous operation of
only a single compensating tube which will, in
turn, when switching the control of the transmis-
sion from one to another of several separate
transmitting tubes usually required in studios for
remote close-up and inter-image “shots” as well
as for shots from different directions, provide a
means by which it is possible to compensate for
“dark spot” signal distortion at all times with a
reasonable degree of accuracy.

Further, it is an object of the present inven-
tion to provide a system for compensating for
“dark spot” by which the compensating tube,
operating synchronously and co-phsasally with
the active one of a plurality of selected scanning
tubes, may be positioned in the control room of
the transmitting station and have its output, sig-
nal combined in phase opposition with the signal
of the instantaneously active scanning tube at
each of a plurality of selected scanning locations.

Still another object of the present invention
is to provide a system of “dark spot” compensa-
tion which will lend itself to use in a television
transmitting station whereat a plurality of differ-
ent programs are being simultaneously trans-
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mitted from different transmitters, and which,
with the synchronized controls of the scanning
tubes for each independent transmitter will re-
quire but a single compensating tube for com-
pensating for all of the scanning tubes used on
the different transmitters. This compensation
is possible because by suitably amplifying the
signal output from the compensating tube to
such a degree that the “dark spot” sighal result-
ing from scanning the mosaic electrode of the
compensating tube shall be sufficiently strong to
compensate for the “dark spot” signal intro-
duced into the produced video signals for each
of the independent transmitters.

Still other objects and advantages of the pres-
ent invention will become apparent and at once
suggest themselves to those skilled in the art to
which the invention is directed and related from
a reading of the following specification and
claims in connection with the accompanying
drawings wherein:

Fig. 1 shows somewhat schematically a system
for “dark spot” compensation wherein the “dark
spot” signal from an unilluminated scanning
tube compensates for the “dark spot” distortion in
the main scanning tube; and,

Fig. 2 thereof shows schematically an arrange-
ment for utilizing one compensating tube for
compensating for each of a plurality of separate
image scanning tubes for a plurality of separate
transmitters.

Referring now to the drawings, which illus-
trate schematically a control system of the type
above referred to, there is provided for the pur-
pose of translating the optical image of a sub-
ject into video signals, an image scanning tube 14
of the character above described, and, for in-
stance, a tube of the character more particularly
referred to by Zworykin in the “Institute of Elec-
trical Engineers’ Journal” (British) for October,
1933, vol. 73, No. 442, pages 437 et seq., and also
in the “Proceedings of the Institute of Radio En-
gineers” for January, 1934, The image trans-
mitting tube ! of the aforesaid type may be po~
sitioned within a scanning camera of the type
described for example in Bedford and Magnusson
application Serial No. 109,391, filed November 5,
1936, or the image scanning tube .may be ar-
ranged to receive the light passed through a film
subject in accordance with disclosures previously
filed by A. V. Bedford and R. D. Kell, Serial Nos.
653,947 and 649,766, filed January 28, 1933 and
January 3, 1933, respectively, or may be used out-
of-doors.

In any of these forms of devices, the optical
image is projected through a suitable lens sys-
tem 13 to fall upon the photosensitive side 15
of the mosaic electrode 17. When the mosaic
electrode {7 is illuminated, as above described,
electrostatic charges are vroduced between the
photosensitive elements {5 and the signal plate
19 across the dielectric 2f of the mosaic elec-
trode 1. The scanning beam issuing from the
gun structure 23 contained within the neck 25
of the tube Il and projected longitudinally of
the neck portion thereof, is suitably deflected by
means of electromagnetic deflecting coils 2T and
29 (or electrostatic means not shown) so as to
traverse the photosensitive side 5 of the mosaic
electrode 17T in two mutually perpendicular direc-
tions. When the scanning action takes place, the
charges which have accumulated between the
photoelectric particles I8 and the signal plate
or the back plate 19 of the mosaic electrode are
released and a potential drop takes place across
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the resistor 31 connected to the signal plate and
forming a part of the input circuit of the. first
tube of the amplifier 33. The coupling may be
either the A.C. type shown or the well known
D. C. type in which the coupling condenser and
bias resistor are omitted and the bias voltage
for the amplifier is placed in series with resis-
tor 31. As above described, not only is the voltage
drop across the resistor 31 due to the charge pro-
duced in accordance with the optical image pro-
jected upon the mosaic electrode {7, but it is
also due in some part at least in accordance with
some positions of the scanning beam on the
mosaic electrode to the above mentioned causes
by which the “dark spot” phenomena results.
Consequently, the video signals amplified in the
first stage of the amplifier 33 and those stages
following it does not represent the highest pos-
sible degree of accuracy of translation of the pro-
jected optical image in the video signals. Since
2 wide band of frequencies is to be dealt with, it is
desirable that the video amplifier shall have a
substantially “flat” response from the lowest to
highest frequency. Hence, it is desirable that
the amplifier for video signals shall be of the

_ type disclosed, for example, by Smith and Stocker

Patents #2,045,315 and 2,045,316 respectively, or
equivalent types.

Tn order to overcome this defect and the lack
of complete accuracy of the video signals to rep-
resent the optical image, there is positioned a
second scanning tube 35 having characteristics
substantially similar to those of the optical image
scanning tube {1 is arranged to operate without
illumination, synchronously and co-vhasally with
respect to the tube 1. Even thoueh this second
scanning tube 35 is not illuminated with an op-

tical image, the scanning of the photosensitive:

surface 15’ of the mosaic electrode 17’ by a scan-
ning beam developed in a manner substantially
similar to that described in connection with the
optical scanning tube ! causes the development
of output energy signals. These signals are those
due to the characteristics of the scanned surface
and simulate substantially the “dark spot” sig-
nals of the illuminated scanning tube .  In
order to provide both co-phasal and synchronous
operation of this compensating tube 35 with re-
spect to the tube {1, the deflecting coils 27’ and
29’ of the compensating tube 35 are controlled
by the same source of synchronizing control im-
pulses 28 (not shown in detail) as are the de-
flecting coils 27 and 29 of the image scanning
tube 11,

As shown, the synchronizing signal generator
28 controls the operation of the horizontal and
vertical deflection control circuits 30 and 32 for
each tube 1! and 35, and the output connection
34 from the synchronizing signal generator con-
trols or arrests the scanning bheams in these tubes
during “return line” periods. Such a system of
control is usually provided in the case of electro-
magnetic deflection of a cathode ray beam by in-
troducing into the deflecting coils 2 voltage wave
of such a form that a sawtooth of current is passed
through the coils so as to deflect the scanning
bheam slowly in one direction to build up a maxi-
mum strength deflecting field which, when it
suddenly collapses, returns the scanning heam
rapidly to a position of zero or initial position
of deflection. A suitable form of arrangement
for controlling this operation of .the deflection
system and the synchronizing control signals,
especially in connecfion with transmitter appa-
ratus of the type herein referred to, is known.as

3

the controlled blocking oscillator. The blocking
oscillator control has been shown, for example,
by U. S. Patent 1,999,378 and the control thereof
of the transmitter has been described in co-
pending applications of J. P. Smith, Serial Nos.
748,773 and 8,659, filed October 18, 1934, and Feb-
ruary 28, 1935, respectively. These systems,
per se, form no specific part of the present dis-
closure except insofar as the method of con-
trolling the deflection of the cathode ray beams
is concerned. '

From the above, it is apparent that with no
illumination of the mosaic electrode of the com-~
pensating scanning tube 35 the only signals which
can result from scanning of the mosaic are those
signals which produce 2 voltage drop across the
resistor 31’ connected in the input circuit of the
amplifier 3%’ and which are due to the “dark spot”
signal resulting from the impact of the cathode
ray beam upon the mosaic electrode or from any
of the other causes hereinabove defined or other-
wize discovered which initiate the objectionable
“dark spot” or “black spot” signal.

Tf now the image scanning tube il and the
compensating tube 35 are operating synchro-
nously and co-phasally it is apparent that the
output signal of the compensating tube 35, if in
180° phase opposition to the output signal from
the image scanning tube {1, is combined with the
output of the image scanning tube {{ and the two
“dark spot” signals are of substantially the
same character and magnitude and occur at
suhstantially the same time in the train of signal
impulses produced through each separate scan-
sion of the mosaic electrodes, one “dark spot”
signal will balance out or neutralize the other
“dark spot” sighal. The result will be that in the
cutput of the combined amplifier there will be
nroduced a signal representing only the desired
video signal. .

For the purpose of combining the two output
signals, the signals may be fed to any suitable
form of mixing tube 37, such as 37 after ampli-
fication desgired in amplifiers 38 and 28’ and, for
example, in one form of the invention a combi~
nation of the video and the fransient “black
spot” signal may be fed to the control electrode
29 of the mixing tube, whereas the transient
“hlack spot” or “dark spot” signal from the com-
pensating tube may be fed to the screen electrode
A1 of this mixing tube. Of course, it is desirable
in view of the fact that the “dark spot” signal
applied to the screen electrode of the screen grid
type tube 37 and the video plus the “dark spot”
signal is applied to the control grid of this mix~
ing tube 37 that the two signals be applied out of
phase upon the screen and control electrodes. In
instances where it is desired to use the triode
type of tube as the mixing fube both the video
and its accompanying “dark spot” signal as well
as the compensating “dark spot” signal are ap-
plied upon a single control electrode of the mix-
ing tube and the signals from the two separate
sources should be 130° out of phase with each
other when applied to the grid. The output from
the mixing tube is then fed with any amplification
desired to the input of the modulator 43 and to
the transmitter 45, from which point the signals
are distributed by way of a radio or wire lined
Jink to desired receiving points.

TIn connection with the use of this form of
compensation for studio work where it is desired
to provide a plurality of independent image
scanning tubes as shown by Fig. 2 for producing
either different views of the same subject or for
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the projection of entirely different programs;
compensate by a single compensating tube, the
compensating tube output signal may be fed to
a plurality of mixing tubes to mix with the sig-
nals from the different scanning tubes or differ-
ent scanning tubes may be connected to be fed
to a common mixing tube in order to combine
the output with the compensating tube outpust.
In either event, the compensation introduced by
the compensating tube will tend to reduce sub-
stantially any distortion signals due to the “dark
spot” phenomena.

In the form in which the invention has been
schematically shown by Fig. 2, the form of com-
pensation is shown as applicable to use with two
(although more may be desired and used) studios
simultaneously. In each of the two studios
(studios shown as “studio #1 and studio #27)
provision is made, as shown, for the use of two
scanning tubes 50, 51 and 50’, 5i’ which are
intended for studio “shots” and also provision is
made for one (or more where desired) additional
scanning tubes 52 and 52’ which may, for ex-
ample, be used for film scanning. A single com-
pensating tube 54 of the general type of tube 35
previously described, may he provided for the
purpose -of compensating the outputs of all of
the tubes, although it is usually desirable that
only one of the tubes 50, 51 and 52 or tubes 58’,
51" and 52’ be used at the same time in each of
studios #1 and #2. For the purpose of limiting
the operation instantaneously to a single tube in
each studio suitable switches 55, 56, and 57 are
provided for studio #1 and switches 58, 59 and 60
are provided for studio #2. These switches serve
to connect one of the scanning tubes of each
studio with the amplifier and mixer 6! or 62 of
studio #1 or #2 to which the output energy from
the compensating tube 54 is supplied.

The output energy from the compensating tube
54 is amplified in a suitable amplifier 63 and after
being passed through a phase shifting network
54 (from which different phase outputs may be
taken for the scanning tubes of each of studios
#1 and #2) is fed to the mixing tubes 61 and/or
62. The manner of controlling the mixing tube
may be provided in the identical manner above
explained.

Each scanning tube 50, 51, 52, 50’, 51/, and 52’
as well as the compensating tube 54 has the elec-
tronic scanning beam developed therein moved
across the target mosaic under the control of the
output signals from  the horizontal deflection
control 85 and the vertical deflection control 66,
as was also explained above, and each of these
controls 65 and 66 is, in turn, controlled by a
synchronizing signal generator 61, of the char-
acter above explained. The output from the
synchronizing signal generator is also supplied
to the control electrode (not shown) of each of
the separate scanning tubes to “block” the de-
veloped electron beam during “return line”
periods in the beam deflection. This prevents
the production of any output signals during this
period and permits the introduction into trans~
mitted signal energy from the scanning tubes
of each or both studios of signals which serve to
provide the line and frame synchronization for
the electro-optical effects produced at any de-
sired receiving points.
plied to the transmitted signal energy by way of
conductors 68 and 69 connecting the output from
the synchronizing signal generator 61 with the
modulator and oscillator 70 and 7{ for each of
the studios. The outpubt energy from each in-

These signals are sup- .
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dividual amplifier and mixer 61 or 62 for the two
studios is also supplied to the associated modu-
lator and oscillator 70 or 71 and from there
further amplified (if desired although usually
not necessary if modulation is done at high
power) in amplifiers 72 and/or 13 to be trans-
mitted by way of the transmitting antenna 74
and 75 (or by equivalent wire line link, such as
the known co-axial cable) to desired points of
reception.

The general arrangement of the transmitting
equipment is quite analogous to that now known
except insofar as it involves the provision of the
“dark spot” compensation and the selection of
the control of the correction as herein explained.

While the invention has been described in one
of its preferred forms, it is of course obvious that
many and various modifications may be made
without departing from its spirit and scope, and
therefore it is believed that any and all of these
modifications may be used provided they fall
fairly within the spirit and scope of the herein-
after appended claims.

‘What I claim is:

1. In a television system, a plurality of image
scanning tubes each having a target electrode
upon each of which there is adapted to be pro-
Jjected an optical image for causing electrostatic
charges of a magnitude proportional to the op-
tical brilliance to result and wherein in each
tube spurious electrostatic charges also result, a
compensating tube having a target electrode of
similar character whereupon only electrical con-
ditions of a spurious nature are adapted to be
developed, means for iluminating with an op-
tical image any portion of the plurality of image
scanning tubes to produce upon each illuminated

- tube electrostatic charges of magnitudes propor-

tional to the brilliance of the optical image pro-
Jjected thereupon, means for producing from each
illuminated tube image signals, said image sig-
nals being accompanied by inherent spurious sig-
nals, means for synchronously producing from
the compensating tube only inherent spurious
signals of a character simulating the spurious
signals produced by scannings of the target
electrodes of the illuminated scanning tubes,
means for combining the output of the com-
pensating tube with a signal output of each
illuminated tube separately to produce separate
series of image signals corresponding in number
to the illuminated scanning tubes wherein the
inherent spurious signals are neutralized by the
output of the compensating tube.

2. A television system for correcting for dis-
tortion comprising a plurality of image tubes
each having a mosaic electrode upon which
electrostatic charges are adapted to accumulate,
means for projecting upon one of the image
scanning tubes an optical image for causing the
production of electrostatic charges of a magni-
tude proportional to the lght brilliance, means
for simultaneously and synchronously scanning
the mosaic electrode of each of the scanning
tubes, said scanning actions being accomplished
with an optical image being projected upon one
of the tubes and the lack of an optical image
upon the other of the tubes, means for producing
from each scanning action output signals from
each of the tubes, means for combining in oppo-
sition the signal output from each tube, and
means for transmitting the resultant signals. .

3. A television system comprising a plurality
of scanning means each having g, target electrode
whereupon under conditions of illumination elec-
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trostatic charges are adapted to be developed in
a magnitude proportional to the brilliance of an
optical image cast thereupon and whereupon
spruious electrostatic charges are adapted to be
developed while in both an illuminated and an
unilluminated state, means for casting an op-
tical image upon one of the scanning means to
develop electrostatic charges proportional to the
prilliance of the optical image, means for simul-
taneously and synchronously scanning each of
the means to produce from one of the scanning
means image signals accompanied by spurious
signals and to produce from other scanning
means only spurious signals, means for combin-
ing the two signals produced in such manner as
to neutralize the effects of the spurious signals
and means for transmitting only the combined
signals.

4. Tn o television system comprising a plurality
of optically responsive scanning means each
having a target electrode whereupon under con-
ditions of illumination electrostatic charges are
adapted to be developed in a magnitude propor-
tional to the brilliance of an optical image cast
thereupon and whereupon substantially similar
spurious electrostatic conditions are adapted to
develop while in either an illuminated or an
unilluminated state, the method of compensat-
ing for spurious signal distortion which com-
prises casting an optical image upon one of the
scanning means to develop electrostatic charges
proportional to the brilliance of the optical
image, simultaneously and synchronously scan-
ning each of the target electrodes independently
to produce thereby from one of the targets image
signals accompanied by spurious signals arising
as an incident to scanning and to produce there-
by from the other target only spurious signals
incidental to the scanning and of a character
substantially like the first produced spurious
signals, combining the two produced signals in
such manner as to neutralize the effects of the
spurious signals accompanying the image signals
and transmitting, subsequent to the combination,
substantially only the image signals.

5

5. A television method to compensate for dis-
tortions comprising scanning simultaneously and
synchronously a pair of like character surfaces,
illuminating one only of the surfaces during the

scanning with an optical image, producing from

one scanning, image signals and the distortion
signals incidental to the scanning, producing
from the other scanning only distortioh signals
incidental to scanning and combining the out-
put from each scanning operation in phase oppo-
sition to produce a substantially distortion free
output signal.

6. A television system comprising a plurality
of substantially like character scanning tubes,
each having included therein a light-sensitive
target electrode element adapted to accumulate
electrostatic charges, means for directing the

light of an optical image upon one only of the

scanning tubes to vary in accordance with the
light and shade variations of the optical image
the magnitude of the accumulated charges,
means included in each of the tubes for produc-
ing and directing an electronic scanning beam
upon the said target electrodes to release thereby
electrical signaling impulses proportional to the
magnitude of the accumulated charges over the
elemental area of the target electrode instan-
taneously subjected to impact by the scanning
beam, means to direct the produced electronic
scanning beams of each tube instantaneously
upon co-ordinating and substantially related
areas of each target electrode and for causing
the scanning beams of each tube to traverse each
tarset electrode in. synchronism, an output cir-

cuit for each scanning tube indicated to be ener- ¢

gized from the target electrode elements by the
action of the scanning beam and means for com-
bining the output energies of each of the tubes
in an out-of-phase manner whereby spurious
signals developed in each scanning tube are sub-
stantially neutralized and the resultant signal is
a substantial true representation of the optical
image.

LEWIS B. HEADRICK.
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