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-H04n. COMPLETE SPECIFICATION Improvements in or relating to Subscription
Color Television System We, ZENITH RADIO CORPORATION, a corpora-  color
subcarrier having a frequency equal to an 45 tion organised under the laws
of the State of odd integral multiple of one-half the line- Illinois,
United States of America, of 6001, scanning frequency to permit
interleaving of West Dickens Avenue, City of Chicago, State  the color and
luminance information without 5 of Illinois, United States of America, do
hereby  creating undesirable interference between these declare the
invention, for which we pray that  two parts of the picture information.
The 50 a patent may be granted to us, and the method  luminance signal and
the essential information by which it is to be performed, to be particu-
representing only two color difference signals larly described in and by
the following state-  are transmitted, since a third color difference 10
ment:-                                     signal may then be derived at
the receiver; This invention pertains to new and improved  complete
reconstruction of the color-image is 5 subscription television systems
(i.e. systems  made possible by the fixed mathmetical rela- providing a
service to a subscriber for which  tionship existing between the luminance
signal a fee is paid) and associated apparatus for use  and of the color
difference signals. 15 in the transmission and reproduction of images    A
relatively large number of methods have in simulated natural color.
Although the inven-  been proposed for encoding a television signal 60 tion
is applicable to various types of color tele-  to preclude intelligible
reproduction of the vision systems, such as those employing dot-
information contained in that signal by other sequential or simultaneous
color transmission, than authorized receivers; an even greater 20  it is
particularly advantageous when employed  number of types of apparatus have
been formu- in connection with a color telecast of the  lated to perform
the necessary coding functions 65 general type formulated by the National
Tele   at the transmitter and to provide adequate and vision System
Committee (NTSC) and adopted  accurate decoding at an authorized receiver.
as standard in the United States, and will be  One of the most effective
and efficient types of 25 described in conjunction with a system of that
subscription  television   system   includes type.
apparatus for selectively delaying spaced time 70 In the NTSC color
television system com- portions of the picture or video signal with ponents
corresponding to the color and lumi- respect to the scanning-control signal
included nance information pertaining to a scanned  in the composite
television signal, or, alter- 30 image are segregated and transmitted as
indi- natively, delaying selected portions of the vidual signals
interleaved within a portion of scanning-control signal with respect to the
pic- 75 the frequency spectrum. At the transmitter, ture signal.   When
this type of coding is three color-image signals representative of a
applied, at the transmitter, to a standard mono- scanned image are combined
in a fixed ratio  chrome television signal, it is possible to de- 35 to
form a luminance signal, sometimes referred  code the signal at an
authorized receiver by to as a monochrome signal. At the same time,
similarly delaying selected portions of the pic- 80 a plurality of color
difference signals are  ture signal (or the scanning-control signal)
developed, each individually corresponding to  which have been translated
in unaltered con- the amplitude difference between one or more  dition by
the transmitter. Accordingly, recon- 40 of the color-image signals and the
monochrome  struction of an intelligible image at the receiver signal. The
color difference signals, which  may be effected by relatively simple
decoding 85 represent the hue and saturation values of the  devices which
do not place an undue economic color components of the scanned image, are
burden upon the receiver manufacturer or modulated in fixed phase
relationship with a owner.    2
766,619 When subscription encoding techniques of  control apparatus and
which is not restricted the general type described above are applied  to
any particular means or method for trans- to a color television system such
as the NTSC   mitting decoding information to authorized system, however,
severel inherent difficulties  receivers. 5 are encountered. The problems
presented in       The video or color picture signal developed 50 utilizing
delay type encoding in a color tele-  in a color television system
necessarily includes vision system  are primarily due to the fact
considerably more information than is incor- that the color information
included in the  porated in a standard monochrome telecast. NTSC type of
color television signal is con-  When the usual coding techniques are
applied 10 veyed by both phase and frequency modulation  to  color
television,  the  effect  on  an 55 



of the color subcarrier. Accordingly, in order  unauthorized receiver is
generally similar in to reconstruct the color information  at a  many
respects to the effects produced in a receiver, it is necessary to develop
a color-  monochrome system. The requirement for the carrier reference
signal which not only has a  transmission of additional information may be
15 fixed frequency relationship with respect to the  put to advantageous
use if a somewhat more 60 color subcarrier, but also must have a prede-
complex encoding  technique is employed; termined fixed phase relationship
with respect  however, indiscriminate selection of transmitter to the
subcarrier. Indiscriminate delay of por-  coding methods and apparatus may
easily lead tions of the color picture signal with respect  to excessively
stringent and economically infea- 20 to the color synchronizing signal
results in the  sible receiver requirements.              65 formation of a
composite color signal which is    Accordingly, it is an object of the
invention inconsistent in phase relationship with respect  to provide a
subscription color television sys- to the color subcarrier. When such a
signal is  tem and apparatus in which greater security is decoded at a
receiver in accordance with known  obtained through the use of improved
coding 25 techniques, the picture is usually reproduced  methods.
70 in erroneous and distorted color combinations;    It is an additional
object of the inevntion to the resulting visual effect is relatively
unintel-  provide a subscription color television system ligible and
aesthetically unsatisfactory.      which permits effective utilization of a
wide It is an object of this invention, therefore,  variety of coding
methods without imposing 30 to provide a subscription color television sys-
unduly stringent requirements upon the decod- 75 tern and apparatus which
utilizes and retains  ing apparatus of a receiver. the advantages of
time-delay coding but which    It is a specific object of the invention to
pro- minmizes the above described inherent diffi-  vide efficient and
relatively economical trans- culties encountered when this type of coding
is  mitter and/or receiver apparatus for realizing 35  applied to color
transmission.                 all of the above-noted objectives.
so It is a further object of the invention to    The National Television
Syetem Committee provide a subscription color television system   has
proposed standard definitions for various and apparatus which facilitate
accurate and  descriptive terms applicable to the color tele- intelligible
decoding with respect to both color  vision art (Electrical Engineering,
December 40 and image detail information at an authorized  1952, Pages
1120-1122). Insofar as possible, 85 receiver.
the proposed standardized terminology is used It is a corollary object of
this invention to  throughout the specification and the appended provide
subscription color television apparatus  claims; the more important terms
are defined of the time-delay coding type which permits a  as follows:- 45
wide latitude in the choice of specific coding 90       Carrier color
signal                               The sidebands of the modulated color
subcarrier (plus the color subcarrier, if not suppressed) which are added
to the luminance signal to convey color information. 95       Color burst
-    -    -    -    -    -    -    A few cycles of color subcarrier
frequency which are included in the composite color signal for
synchronizing the color carrier reference. Also known as color sync signal.
100       Color carrier reference or color reference signal -    -    -
-    -    -    -    -    A continuous signal having the same fre- quency as
the color subcarrier and having a predetermined fixed phase relationship
with respect thereto. 105       Color differerce signal -
A signal which, when added to the lumi- nance signal, produces a signal
repre- sentative of one of the tristimulus values of the transmitted color.
766,619 Color picture signal  -    -    -    -    -    The electric signal
which represents color picture information, comprising a monochrome
component plus a sub- carrier modulated with color informa- 5
tion (the carrier color signal), but not including synchronizing signals.
Color subcarrier -                        The carrier whose modulation
sidebands are added to the monochrome signal to convey color information.
10       Composite color signal -                  The signal representing
the  complete color picture including blanking and all 



synchronizing signals. Luminauce signal -    -    -    -    -    -    A
signal wave which is intended to have exclusive control of luminance in the
15                                                    reproduced picture.
Also known  as monochrome signal. Matrix -
A network, device, or circuit for additively combining two signals to
derive a signal representative of their algebraic sum or 20
difference. (This definition does not correspond to the standardized NTSC
terminology). Also known as matrix unit or matrix circuit. In one aspect,
the invention comprises a sub-  ship between the color subcarrier and the
65 25 scription color television receiver for utilizing  carrier color
signal in order to prevent color a coding composite color signal comprising
a  distortion in the image. scanning control signal and, as other con-
In another aspect, the invention comprises stituent signals, a luminance
signal, a carrier  a subscription color transmitter including an color
signal including a plurality of color  image analyzer for scanning an image
at a pre- 70 30 difference signals modulated with a color sub-  determined
scanning repetition frequency to carrier, and a color subcarrier control
signal.  derive a luminance signal and a plurality of This composite color
signal is coded by  color difference signals. A  color reference delaying
predetermined portions of one or  generator is employed to develop a color
sub- more of the aforesaid other constituent signals, carrier having a
predetermined frequency; this 75 35 with respect to other portions thereof,
by a pre-  color subcarrier and the color difference signals determined
coding interval in accordance with  are supplied to a color reference
generator a predetermined coding schedule. The receiver  which modulates
the color difference signals in includes receiving circuits for deriving
the con-  predetermined phase relationship  with the stituent signals from
the coded composite color  color subcarrier to develop a carrier color 80
40 picture signal. A color demodulating system   signal. A scanning control
system is coupled is coupled to the receiving circuits and is  to the image
analyzer and generates a scanning employed to demodulate the carrier color
signal  control signal which  includes information and develop a plurality
of color difference  representative of the analyzer's scanning repe-
signals; the number of demodulated color  tition frequency. Combining means
are coupled 85 45 difference signals may be different from  the  to the
scanning control system, the color number of original color difference
signals and  reference generator, the image analyzer, and to they need not
refer to the same primary colors. the modulating system, to combine the
scan- An image reproducer is coupled to the receiv-  ning control signal, a
color subcarrier control ing circuits and to the demodulating system;
signal, the luminance signal, and the carrier 90 50 this reproducer
utilizes the scanning control  color signal as constituent signals to form
a signal, the luminance signal, and the demodu-  composite color signal.
Coding apparatus is lated color difference signals to reproduce an
employed to delay preselected portions of at image in simulated natural
color. The receiver  least one of these constituent signals (other further
includes a demodulating system  for  than the scanning control signal) with
respect 95 - 55 effectively delaying portions of one or more of  to other
portions thereof, by a preselected time the constituent signals of the
composite color  interval and in accordance with a predeter- signal (other
than the scanning control signal)  mined coding schedule; this coding
apparatus or of the demodulated color difference signals  is constructed
and arranged to maintain a fixed with respect to other portions thereof by
a time  phase relationship between the carrier color 100 60 delay interval
equal to the above-mentioned  signal and the color subcarrier control
signal coding interval to permit reproduction of the  despite the effects
of the intermittent coding image without distortion; this decoding sys-
delay. tern is constructed and arranged to maintain    The features of the
invention which are or provide the requisite precise phase relation-
believed to be novel are set forth with particu- 105    4
766,619 larity in the appended claims. The organization  encoding control
apparatus 32 which is con- and manner of operation of the invention, nected
to scanning-signal generator 20. together with further objects and
advantages    In addition to the previously noted con- thereof, may best be
understood by reference to  nections, the output of scanning-signal gener-
5 the following description taken in conjunction  ator 20 is coupled to a
synchronizing signal 70 with the accompanying drawings, in which: -
matrix 27 and to a gating circuit 27a; matrix Figure 1 is a schematic
representation of a  27 is also coupled to the output stage of color
subscription color television transmitter con-  subcarrier generator 21
through a phase cor- structed in accordance with the invention;  rection
circuit 28 and gating circuit 27a. The 10   Figure 2 schematically
illustrates a subscrip-  output terminals of both matrix 27 and coder 75
tion color television receiver adapted to cooper-  26 are connected to a
second mixing device, ate with the transmitter of Figure 1 to form a
synchronizing mixer 29, which is in turn 



complete subscription color television system;   coupled to an antenna 30
through a conven- Figure 3 is a schematic diagram of another  tional
transmitter unit 31 comprising suitable 15 subscription color television
transmitter con-  amplifier, carrier wave generator, and modula- 80
structed in accordance with the invention;  tor circuits. Figure 4
schematically illustrates a subscrip-    With the exception of encoding
control tion color television receiver adapted to repro-  apparatus 32,
encoder 26 and phase correction duce color television signals broadcast by
the  circuit 28, all of the circuit units of the trans- 20 transmitter of
Figure 3;                   mitter illustrated in Figure 1 are well known
85 Figure 5 is a schematic view of a subscrip-  in the color television
art; accordingly, a brief tion color television transmitter comprising an
description of their operational characteristics additional embodiment of
the invention; and   will be adequate.  When the transmitter is Figure 6
schematically illustrates a subscrip-  placed in operation, cameras 11-13
scan an 25 tion color television receiver for reproducing  image (not
shown) to develop color-image 90 television signals radiated by the
transmitter of  signals which include information concerning Figure 5.
the luminance and chrominance values of the The transmitter of Figure 1
comprises an  image. In the usual system, these color-image image analyzer
10 adapted to develop certain  signals are derived in terms of three
additive 30 of the fundamental signals necessary for the  primary colors,
generally taken as green, red 95 transmission of color television images in
accor-  and blue. For the transmitter as shown, the dance with a system
essentially similar to that  green, red and blue image signals are
developed formulated  by  the  National  Television  by cameras 11, 12, and
13 respectively; these System Committee. Image analyzer 10 com-  signals
may be symbolized as G, R and B. If 35 prises three color television
cameras 11, 12  preferred, a single camera capable of develop- 100 and 13,
the output terminals of each of the  ing a plurality of separate
color-image signals cameras being connected to a matrix 14. The
corresponding to the luminance, hue, and output of camera 12 is also
coupled to another  saturation values of a scanned image may be matrix 15
and camera 13 is similarly coupled  used to replace cameras 11-13 without
affect- 40 to an additional matrix 16; matrices 15 and 16  ing operation of
the system  insofar as the 105 are also coupled to the load terminals of
matrix  inventive concept is concerned. 14. A low-pass filter 17 is coupled
to the load    The three color-image signals developed by terminals of
matrix 15 and a similar filter 18  cameras 11-13 are applied to matrix 14
is coupled to the output of matrix 16. Suitable  wherein they are combined
in accordance with 45 field and line-sweep systems for cameras 11-  a
predetermined fixed ratio to form a lumin- 110 13 are included in image
analyzer 10 and are  ance or monochrome signal, herein designated
illustrated as unit 19, which is coupled to each  as Y. The red and blue
image signals R and B of the cameras.                            developed
in cameras 12 and 13 are also The field and line-sweep systems included in
applied to matrix units 15 and 16 respectively; 50 unit 19 of image
analyzer 10 are coupled to a  in these matrices, the color-image signals
are 115 scanning-signal generator 20 which is also  individually
algebraically combined with the coupled to a color subcarrier generator 21.
The  luminance signal Y to form two color difference output of generator 21
is connected in a feed-  signals R-Y  and B-Y.  One of the color back
circuit to scanning-signal generator 20  difference signals, R-Y, is
supplied from 55 and is also coupled to a pair of color modula-  matrix 15
through low-pass filter 17 to color 120 tors 22 and 23.  Modulators 22 and
23 are  modulator 22.  In modulator 22, that color coupled to the output
stages of filters 17 and  difference signal is used to amplitude-modulate
18 of image analyzer 10. A matrix 24 is coupled  one phase component of a
color subcarrier of between the output terminals of modulators 22  angular
frequency W which is supplied to the 60 and 23 and a first mixer designated
as video  modulator from color subcarrier generator 21. 125 mixing device
25. Mixing device 25 is con-  In similar fashion, color difference signal
B-Y nected to the output terminals of matrix 14 of is translated through
filter 18 and is modulated analyzer 10, and the load terminals of the mix-
with another phase component of the sub- ing device are connected to a
coder 26. Coder  carrier in modulator 23. The output signals 65  26 is also
coupled to the output stage of an  from modulators 22 and 23, which in the
usual 130    766,619                                         5 system are
of the form (R-Y) sin wt and  apparatus 32. In its simplest form, coder 26
(B-Y) cos wt respectively, are additively com-  may include alternate
signal channels, one of bined in matrix 24 to develop a carrier color
which translates the color picture signal from signal having the general
form  (R-Y) sin  mixing device 25 to mixer 29 with no effective 5 wt+(B-Y)
cos wt. Accordingly, modulators  time delay, whereas the other channel
trans- 70 22 and 23 and matrix 24 may be considered as  lates the color
picture signal through a delay constituting a modulating system for
modulat-  line or similar apparatus and imparts a prede- ing the color
difference signals developed in  termined delay to the signal. The simplest
and image analyzer 10 in predetermined phase  most economical type of
encoding, insofar as - 10 relationship with the color subcarrier generated
the apparatus required is concerned, comprises 75 in unit 21 to develop a
carrier color signal. The  delaying randomly selected image fields; how-
carrier color signal formed in matrix 24 and  ever, faster-than-field
changes in the operating 



the monochrome signal developed in matrix 14  condition of coder 26 may be
employed, are combined in video mixing device 25 to  and,  if  further
coding  complexity  is 15 form  a color picture signal including both
desired, the  coder may  include  means 80 luminance and color information;
the color pic-  for  dividing  the   color  picture signal ture signal may
be expressed by the general  on  a frequency  or amplitude  basis and
formula E=Y+K[(R-Y) sin wt+(B-Y) cos  selectively coding portions of the
components wt], where E represents the color picture signal  of the color
picture signal following division. 20 and K is a constant.
If coding is effected with respect to space time 85 The line and
field-scanning frequencies of  portions of the color picture signal, such
as the color cameras included in image analyzer  separate fields, the
translation characteristics of 10 are controlled by scanning signals
generated  coder 26 may be controlled by a suitable signal in unit 20 and
applied to field and line-sweep  developed in apparatus 32 and synchronized
25 systems  19. The  scanning-control  signal  with the field-retrace
intervals of image ana- 90 developed in generator 20 is also applied to
lyzer 10 by means of the connection of appara- color subcarrier generator
21 to control the  tus 32 to scanning-signal generator 20.  As subcarrier
frequency, which in the NTSC  indicated in the preliminary portions of this
system  must be equal to an odd integral  specification, the type of
apparatus utilized in 30 multiple of one-half the line-scanning fre-  coder
26 to delay portions of the color picture 95 quency; the feedback
connection from  sub-  signal, as well as the devices constituting con-
carrier generator 21 to scanning signal gener-  trol apparatus 32, are not
critical with respect ator 20 is employed to lock the two generators  to
the invention. It should be noted that the in fixed frequency relation.
Short bursts of the  coding schedules for the encoding control 35 color
subcarrier, sometimes referred to as the  apparatus are not inflexibly
fixed, but are pre- 100 color sync signal, are supplied from gating cir-
determined only in the sense that the means for cuit 27a to matrix 27, in
which the color bursts  establishing the coding  schedule and  the are
combined with the scanning-control signal  method of operation thereof are
determined developed by generator 20 to form  a syn-  beforehand. 40
chronizing-control signal including information    In order to understand
the effects of the 105 representative of the scanning-repetition fre-
incorporation of the encoding apparatus com- quency of analyzer 10 as well
as the frequency  prising coder 26 and encoding control appa- and phase of
the color subcarrier. Matrix 27  ratus 32 upon the operation of a
subscription and generator 20 thus constitute a synchroniz-  television, it
may be advantageous to consider 45 ing system for generating the
synchronizing-  first the structure and operation of a suitable 110 control
signal, which is applied to mixing  receiver. The receiver schematically
illustrated device 29 and there combined with the color  in Figure 2, which
is adapted to reproduce a picture signal developed in first mixing device
color telecast developed and radiated by the 25 to form a composite color
signal. The com-  transmitter of Figure 1, comprises an antenna 50  posite
color signal is then supplied to conven-  33 connected to a radio-frequency
amplifier 115 tional transmitter unit 31, amplified and modu-  and first
detector 34. Unit 34 is in turn coupled lated on a suitable carrier, and
applied to  to a second detector 35 through an intermedi- antenna 30 from
which it is radiated.       ate frequency amplifier 36; second detector 35
The foregoing description of the operation  is connected to a
synchronizing-signal separa- 55 of the transmitter of Figure 1 is entirely
con-  tor 37. Units 33-37 may be of any of the con- 120 ventional and does
not take into consideration  ventional types well known in the art, and any
the operational effects of coder 26, control  similar group of receiving
circuits capable of apparatus 32, or phase correction circuit 28.
performing the same general functions may be Coder 26 comprises means for
delaying pre-  employed; accordingly, these units are gener- 60 selected
portions of the color picture signal  ally referred to hereinafter as a
single unit 125 developed in mixing device 25, with respect to  designated
receiving circuits 38. Second detec- other portions of the color picture
signal, by a  tor 35 is coupled to a decoder 39 which, in predetermined
time delay interval. This encod-  turn, is coupled through a band-pass
filter 42 ing process is carried out in accordance with a  to the input
terminals of a pair of color 65 predetermined coding schedule established
by  demodulators 40 and 41. An encoding con- 130    766,619 trol apparatus
60 is also coupled to decoder  unit 38 are all well understood in the art,
and 39; the type of apparatus used for encoding  a more specific and
detailed description of control unit 60 will, of course, be dependent to
these circuits is therefore deemed unnecessary. a certain extent upon the
construction of trans-    The synchronizing-control signal derived 5 mitter
encoding control apparatus 32; the par-  from the composite color signal by
separator 70 ticular type of encoding system is not critical  37 is applied
to scanning systems 59 to control and any suitable apparatus may be
employed  the repetition frequency of the scanning signals without
adversely affecting operation of the  applied to deflection coils 57 and 58
of image receiver.                                   reproducer 49 in well
known fashion. At the 10   A color reference generator 43 is connected
same time, the color burst or color sync signal 25 to synchronizing-signal
separator 37 of unit 38;  included in the synchronizing-control signal is
the output of generator 43 is coupled to  applied to color reference
generator 43 and is 



demodulators 40 and 41 through a phase cor-  utilized therein to control
the frequency and rection circuit 44. The output stage of color  phase of a
locally developed color carrier 15 demodulator 40 is coupled to a low-pass
filter  reference signal; a frequency-selective circuit 80 45, whereas the
load terminals of demodulator  may be utilized to couple separator 37 to 41
are coupled to a similar low-pass filter 46  generator 43 to preclude
translation of the Low-pass filter 45 is coupled to one cathode
scanning-signal  components  to  the  color 47 of a cathode-ray display
device 48 incor-  reference generator. For purposes to be made 20 porated
in an image reproducer 49.  Display  apparent hereinafter, it may be
advantageous to 85 device 48, here shown as including a tri-color  consider
the operation of the receiver for a luminescent screen 61, a shadow mask
62, and  condition in which phase correction circuit 44 three separate
electron guns, may comprise any  is completely passive and translates the
color- of the many familiar types of color-image  carrier reference signal
unchanged so that the 25 reproducers known in the art or any other type
reference signal is directly applied to color 90 of color display device
capable of resolving the  demodulators 40 and 41, and in which decoder
signal information available in the NTSC sys-  39 and control apparatus 60
are ineffective so tem into an acceptable color image. The output  that the
composite color signal developed by terminals of filter 46 are coupled to a
second  second detector 35 is applied directly to band- 30 cathode 50
included in device 48. A mixer-  pass filter 42 and low-pass filter 56. It
should 95 inverter 51 is coupled to filters 45 and 46 and  be noted that
the color picture signal, which the output terminals of inverter 51 are
con-  represents the actual picture content as con- nected to a third
cathode 52 of device 48. Dis-  trasted with synchronizing information, pre-
play device 48 of image reproducer 49 includes  dominates in  the
composite  color signal 35 three control electrodes 53, 54 and 55 indi-
developed in detector 35; furthermore, the syn- 100 vidually respectively
associated with cathodes  chronizing signals occur only during retrace 47,
52 and 50; control electrodes 53-55 are  intervals in the composite color
signal. Accord- connected to each other and through a low-pass  ingly, the
effective output from detector 3,5 is filter 56 to decoder 39. Image
reproducer 49  equivalent to the color picture signal insofar as 40 further
includes two pair of deflection coils 57  the demodulating circuits and
reproducer 49 105 and 58 mounted in quadrature relation with  are
concerned, although the synchronizing- respect to display device 48 and
coupled to a  signal content may be separated from the com- scanning system
unit 59; scanning unit 59 is  posite color signal prior to utilization in
the also coupled to the output stage of synchroniz-  image-reproducing
circuits if desired. 45 ing-signal separator 37  of receiving  cir-
Under the foregoing assumptions, therefore, 110 cuits 38.
it is apparent that the receiver of Figure 2 oper- When the receiver of
Figure 2 is placed in  ates as a well known type of color receiver, in
operation, the coded composite color signal  which the carrier color signal
included in the radiated from the transmitter of Figure 1 is  color picture
signal derived from receiving cir- 50 intercepted by antenna 33 and applied
to cir-  cuits 38 is translated through band-pass filter 115 cuit 34. In
unit 34, the received signal is ampli-  42 and applied to demodulators 40
and 41. In fied and heterodyned with a suitable locally  the demodulators,
the carrier color signal is developed oscillatory signal to derive an
inter-  demodulated or detected to derive two color mediate-frequency
signal, which is supplied to  difference signals generally corresponding to
55 second detector 35 after amplification in circuit the color difference
signals utilized at the trans- 120 36. In device 35, the
intermediate-frequency  mitter (usually R-Y  and B-Y). The color signal is
detected and the coded composite  difference signals are applied to filters
45 and color signal, substantially free of the radiation  46, which are
included in the receiver primarily carrier, is developed; the coded
composite color  to prevent the translation of the color-carrier 60 signal
is applied to separator 37, which is  reference signal to image reproducer
49. The 125 utilized to separate the synchronizing-control  color
difference signals are then supplied to signal representing  scanning-  and
color-  cathodes 47 and 50 of cathode-ray tube 48 to synchronizing
information. As noted above, the  control the hue and saturation values of
two structural, functional, and operational charac-  of the primary colors
in an image developed on 65  teristics of the receiving circuits included
in  luminescent screen 61 of device 49.  At the 130    766,619
7 same time, the two color difference signals are  ture signal by coder 26
is relatively long with supplied from  filters 45 and 46 to mixer-  respect
to the time required for a single cycle inverter 51, wherein they are
suitably com-  of the color subcarrier. This relationship may bined to form
a third color difference signal,  be utilized to construct an operable
color tele- 5 usually G-Y, which is then applied to cathode  vision system
by restricting the delay intro- 70 52 to control the hue and saturation
values of  duced by coder 26 so that the coding interval a third primary
color in the image developed  is equal, within approximately five
electrical by reproducer 49. The luminance of the image  degrees, to an
integral number of cycles of the generated on screen 61 of reproducer 49 is
con-  color  subcarrier  frequency. To  complete 10 trolled by the signal
applied to electrodes 53-  the  system, and  to  avoid  any  possible 75
55; this signal after translation through low-  color ambiguities, it is
necessary that decoder pass filter 56, generally corresponds to the  39
delay those portions of the color picture sig- 



luminance signal included in the color picture  nal which are translated in
unaltered condition signal derived- from  second detector 35.  It  through
coder 26 by a time interval which is -    15 should be noted that because
of the particular  also equal to an integral number of cycles of 80
subcarrier frequency used for the transmission  the color subcarrier and
which is also accurate of color information, the carrier color signal
within five electrical degrees.  If coder 26 and compoent of the color
picture signal has very  decoder 39 are constructed  to fulfill this little
effect upon the overall luminance of the  requirement, phase correction
circuits 28 and 20 picture even if it is translated directly from   44 of
the transmitter (Figure 1) and the receiver 85 the second detector and
applied to electrodes  (Figure 2) respectively are not required; this is
53-55; accordingly, filter 56 may be omitted  due to the fact that color
reference generator if desired.                                  43 and
color subcarrier generator 21 both As thus far described, the receiver of
Figure  develop signals which have a constant phase 25 2 is entirely
conventional in operation and does  relationship with respect to both the
coded and 90 not, threfore, make any correction to compen-  uncoded
portions of the carrier color signal sate for the time delay encoding
applied to the  included in the color picture signal.  In other color
picture signal by the transmitter of  words, utilization of an encoding
interval which Figure 1.  At an unauthorized receiver, for  is equal to an
integral number of cycles of the 30 example, the reproduced image shifts in
posi-  color subcarrier does not disturb the phase 95 tion each time a
transition from an undelayed  relationship between the subcarrier and the
to a delayed portion of the coded composite  carrier color signal. color
signal occurs, and the resultant " jitter "    The resulting subscription
color television in the image makes for unsatisfactory and virtu-  system
may have two or more alternative 35 ally intolerable viewing conditions.
Conse-  modes of operation. Assuming, for simplicity, 100 quently, it is
necessary to utilize decoder 39  that only two modes A and B of operation
are and encoding control apparatus 60 to modify  used, during mode A coder
26 delays the color the color picture signal developed in receiving
picture signal at the transmitter by an integral circuits 38 to permit
reconstruction of an  number of subcarrier cycles; at the same time, 40
intelligible image by reproducer 49.  As indi-  in the receiver, decoder 39
translates the color 105 cated in the preliminary portions of this speci-
picture signal derived by receiving circuits 38 fication, the prior art
techniques for subscrip-  in unmodified form.   On the other hand, tion
television decoding would seem to indicate  during mode B, coder 26
translates the color that decoding may be accomplished by selec-  picture
signal without any substantial delay, 45 tively delaying, in decoder 39,
those portions  whereas decoder 39 delays the mode B por- 110 of the color
picture signal which were not  tions of the color picture signal by a time
inter- delayed by coder 26 of the transmitter of  val equal to an integral
number of cycles of the Figure 1.  However, in actual practice, this
color-subcarrier and equal to the encoding encoding procedure results in
completely dis-  interval employed at the transmitter in connec- 50 torted
color values in the image reproduced by  tion with mode A.  Inasmuch as the
delay 115 deivce 48; the net effect on image reproducer  intervals applied
to the color picture signal by 49 is to cause substantial color
contamination,  both the coder and the decoder do not alter and the
resulting color image, although not  the phase relationship of the carrier
color sig- " jittered ", is still quite unsatisfactory.  nal with  respect
to  the  color subcarrier 55   The color distortion which ordinarily
results  developed by generator 21 of Figure 1, no 120 from the application
of the usual type of time-  color distortion is introduced. delay
subscription coding and decoding to a - The subscription color television
apparatus color television transmission may be obviated  of Figures 1 and
2, as described in the pre- by providing means for controlling the phase
ceding paragraph, provides a subscription 60 relationship  of the  color
reference signal  color  system  which  eliminates  the  color 125
developed by generator 43 and the color pic-  ambiguities which would
normally be intro- ture signal derived by detector 35; it is to this  duced
by the coding and decoding apparatus problem, among others, that the
invention is  comprising units 26 and 32 of the transmitter directed.  The
usual encoding delay interval  (Figure 1) and circuits 39 and 60 of the 65
applied to preselected portions of the color pic-  receiver (Figure 2).
However, it is some- 130    8
766,619 what difficult to construct delay devices for  is ninety degrees
out of phase with respect use in coder 26 and decoder 39 which have
thereto.  For this specific arrangement, phase the  requisite  bandwidth
characteristics  correction circuit 28 may constitute a non- (approximately
flat delay characteristic over a  reflective delay line which delays the
color 5 4.5 megacycle band) and which are sufficiently  sync signal by a
time interval equal to the 70 accurate with respect to the encoding delay
encoding interval, 5 [err] cycles, to restore the interval.  These
requirements are somewhat correct phase  relationship.    An  equally
disadvantageous insofar as the receiver is con- effective system may be
constructed by utiliz- cerned in that they tend to increase the cost ing a
much shorter delay time in circuit 28, 10 of the receiver components.  In
one modifi-  since a delay or phase shift of only [err] cycle in 75 cation
of the basic system comprising the  circuit 28 also restores the requisite
phase apparatus of Figure 1 and 2, phase correction  relation between the
color sync signal com- 



circuit 28 is utilized at the transmitter to over- ponents and the color
information applied to come this difficulty.  Again assuming that the
demodulators. 15 only two operation modes C  and D  are    Phase correction
need not necessarily be 80 employed, during mode C coder 26 delays the
applied at the transmitter; an analogous sys- color picture signal by an
encoding time inter-  tem may be constructed by incorporation of val which
is not necessarily equal to an integ-  phase correction circuit 44 in the
receiver of ral number of subcarrier cycles; for this same  Figure 2.  For
this embodiment, presuming 20 period of operation, decoder 39 translates
the  two alternative operative modes E and F, 85 color picture signal
derived by the receiver  coder 26 delays the color picture signal for a
without delay.  During alternate operational predetermined encoding
interval (which need mode  D, the  color  picture  signal  is  not be equal
to an integral number of color not  delayed  at  transmitter  coder  26
subcarrier cycles) during operational mode E, 25 but  is  delayed   by
receiver  decoder  and, during that same mode, receiver decoder 90 39  by
a time  interval equal  to  that  39 translates the color picture signal
without employed at the transmitter during mode C. delay.  Conversely, the
mode F portions of In order to compensate for the color distor-  the
composite picture signal are translated in tion which would normally result
from this  unmodified form through coder 26 and are 30 type of encoding
delay, phase correction cir-  delayed by receiver decoder 39.  Correction
95 cuit 28 is utilized to continuously modify the  of the color values in
the reproduced image is phase of the color bursts supplied from gener-
achieved by phase correction circuit 44, which ator 21 to matrix 27 with
respect to the color  continuously modifies the phase relationship picture
signal so that the color bursts incor-  between the color carrier reference
signal 35 porated in the composite color signal corres-  developed in
generator 43 and the received 100 pond in phase to the delay carrier color
signal. carrier color signal applied to demodulators 40 This must be a
continuous phase correction  and 41.  Phase correction circuit 44 is essen-
operation, since all of the color picture signal tially similar to circuit
28 (Figure 1) and com- is delayed by an equal encoding interval, in  prises
time-delay circuits or any other suit- 40 either coder 26 or decoder 39,
prior to  able type of phase-shifting network; it will be 105 demodulation
and utilization in receiver image  apparent to those skilled in the art
that a pre- reproducer 49 (Figure 2); in other words, ferred system
embodiment may include phase those portions of the color picture signal
which  correction units in both the transmitter and are not delayed at the
transmitter (with res-  the receiver if further security or more flex- 45
pect to the intervening color picture signal ible color correction
facilities are desired.    110 portions and the synchronizing-control
signal)    A somewhat different aspect of the inven- are delayed at the
receiver, so that the entire  tion is presented in the subscription color
color picture signal is changed in its time rela-  television system
comprising the transmitter tionship to the color sync signal component of
Figure 3 and the receiver of Figure 4. The 50 of the synchronizing-control
signal.       transmitter illustrated in Figure 3 is in most 115 A more
specific example of the structure  respects similar to that of Figure 1; in
this and operation of phase correction circuit 28  transmitter, however,
the output terminals of may be of assistance in determining its effect
first mixing device 25 are coupled to a color upon the performance of the
system of Figures  sync mixer 63, and the output of color sub- 55 1 and 2.
For example, coder 26 may delay  carrier generator 21 is also connected to
mixer 120 the color picture signal, during mode C oper-  63.  A coder 64,
generally similar to coder ating intervals, by an encoding time interval 26
of Figure 1, is coupled to color sync mixer equal to 5[err] cycles of the
subcarrier; to decode  63 and to encoding control apparatus 32; the the
transmitted signal, receiver decoder 39  load terminals of coder 64 are
connected to a 60 delays the mode D portions of the color pic-  scanning
sync mixer 65.   Scanning sync 125 ture signal by an equal amount.
Consequently, mixer 65 is also coupled to the output stage the carrier
color signal applied to demodula-  of scanning-signal generator 20, and the
load tors 40 and 41 of Figure 2 is not correctly  terminals of the mixer
are coupled to an phased with respect to the color subcarrier  antenna 30
through a conventional transmitter 65 developed in generator 21 of Figure
1, but  unit 31, the latter two devices generally cor- 130    766,619
9 responding to the similar units included in the  64 of the transmitter.
As before, decoding transmitter of Figure 1.                   is
controlled by apparatus 60.  If desired, The receiver of Figure 4 is in
most respects  the scanning-signal information may be separ- essentially
similar to that of Figure 2, blocks  ated from the received composite color
signal 5 bearing the same reference numbers being  before it is applied to
decoder 66, so that in 70 similar to their counterpart in Figure 2.  In
effect only the coded intermediate color pic- this embodiment, however, the
remainder of  ture signal is translated through the decoder; the receiver
stages are coupled to receiving  however, this additional step is not
essential circuits 38  through  a decoder 66. Image  since  the
superfluous information  occurs 10 reproducer 49 is connected to the
decoder  during only retrace intervals and usually has 75 through a
low-pass filter 56, and an encoding  no significant effect upon the image
developed control apparatus 60 is provided for decoder  by reproducer 49.
The decoded color pic- 



66.  It will be observed that the principal  ture signal developed in
decoder 66 is applied significant change made with respect to the  to color
demodulators 40 and 41, and is 15 receiver of Figure 2 comprises the
connection  employed to control the color content of the 80 of color
reference generator 43 to decoder 66  reproduced image. rather than
directly to receiving circuits 38.  In order to simplify the explanation of
the Except for their coding and decoding func-  coding and decoding
functions performed in tions, the transmitter of Figure 3 and the  the
apparatus of Figures 3 and 4, it will be 20 receiver of Figure 4 operate in
a manner  assumed that coder 64 and decoder 66 each 85 analogous  to  the
corresponding   appar-  have only two modes of operation G and H. atus of
Figures 1 and 2; accordingly, much of  In mode G, coder 64 of the
transmitter of the description of the normal operation of the  Figure 3
delays the intermediate color picture individual  apparatus  units  need
not be  signal by a predetermined coding interval, 25 repeated.  As before,
matrix 24 of the trans-  whereas for the same operational mode the 90
mitter of Figure 3 combines the two carrier-  intermediate color picture
signal is translated modulated color difference signals developed  without
substantial  modification  through in modulators 22 and 23 to develop a
carrier  receiver decoder 66.  The intermediate color color signal; this
carrier color signal is sup-  picture signal portions occurring during mode
30 plied to video mixing device 25 and is com-  H operation are not delayed
at the transmitter; 95 bined  therein  with  the  luminance  signal
however, the intermediate color picture signal developed in image analyzer
10 to form a color  derived by receiving circuits 38 during mode picture
signal which includes complete picture  H operation is delayed in decoder
66 by a information but does not comprise any syn-  time interval equal to
the encoding time-delay 35 chronizing signal components.   The color
interval applied at the transmitter during 100 picture signal is then
applied to color sync  mode G.  Because the time delay in this sys- mixer
63, wherein it is combined with bursts  tern is always equally applied to
the color sync of the color subcarrier frequency, (the color  signal and to
the carrier color signal included sync signal) to form an intermediate
color pic-  in the color picture signal, the phase relation- 40 ture signal
which includes color synchronizing  ship between these two signals is not
dis- 105 information but does not comprise a scanning-  turbed, and,
accordingly, no color distortion control signal.  If preferred, video
mixing  or ambiguity is introduced into the system. device 25 and color
sync mixer 63 may com-    In each of the embodiments of the inven- prise a
single mixing network or matrix for  tion described above, the principal
problem 45 combining the luminance signal, the carrier  presented is the
effect of time-delay encoding 110 color signal, and the color sync signal.
The  upon the phase relationship between the color intermediate color
picture signal developed in  subcarrier and the color carrier signal
included mixers 25 and 63 is applied to coder 64, which  in the color
picture signal.  To the observer, delays preselected portions of the
intermediate  the net effect of each of these systems is to 50 color
picture signal with respect to other por-  provide an apparent physical
distortion or   115 tions thereof by a predetermined encoding  "jitter " in
the  image developed  by  an interval; as before, the coding is carried out
in  unauthorized receiver and, in some embodi- accordance with a schedule
determined by  ments, to distort the color values in the image. encoding
control apparatus 32.  The coded  In the system embodied in Figures 5 and
6, 55 intermediate color picture signal formed in  on the other hand, the
additional complexity 120 device 64 is applied to scanning sync mixer  of
the signals developed in a color television 65. wherein it is combined with
the scanning-  system, as compared with a monochrome sys- control signal
generated by device 20 to form  tem, are utilized to provide additional
security a coded composite color signal.             by coding the color
information in a manner 60   In the receiver of Figure 4, the coded com-
which more effectively precludes decoding and 125 posite color signal is
applied to decoder 66,  reconstruction of the image by an unauthor- in
which preselected portions are selectively  ized receiver. delayed by a
predetermined time interval sub-    The transmitter of Figure 5 is
essentially stantially equal to the encoding time delay  similar to the
previously discussed embodi- 65 interval imparted to other portions by
coder  ments in that blocks bearing the same refer- 130    10
766,619 ence numbers are similar to their counter part  signals translated
through filters 45 and 46 in Figure 1; this transmitter, however, com-  and
the luminance signal translated through prises three individual coders 68,
69 and 70  filter 56 are not delayed, but are applied to included in a
coding system 71.  Coder 68  image  reproducer 49  without substantial 5 is
coupled between image analyzer 10 and  modification.  For the alternative
operational 70 video mixer 25, whereas coders 69 and 70 are  mode K, the
luminance and color difference interposed between the image analyzer and
signals derived in analyzer 10 of the trans- color modulators 22 and 23
respectively. As  mitter are translated in undelayed condition in the
embodiments of Figures 1 and 3, the  through coding system 71, whereas this
same 10   are coupled to an encoding control portion of each of the color
difference and 75 apparatus 32 connected to scanning-signal luminance
signals is delayed by decoders 73- generator 20.
75 for a time interval substantially equal to 



The  principal difference  between  the  that applied at the transmitter of
Figure 5 receiver of Figure 6, where blocks bearing the  during mode J.
Thus, coding system  71 15 same reference numbers are similar to their
selectively delays preselected portions of each 80 counterpart in Figures 2
and 4, and those of of the luminance and color difference signals Figures 2
and 4 resides in the incorporation  in accordance with a predetermined
coding of a decoding system  72 in the receiver.  schedule controlled by
encoding apparatus 32; Decoding system 72 comprises a first decoder  in the
usual case, the encoded portions com- 20 73 which is interposed in the
luminance chan-  prise spaced time portions such as separate 85 nel of the
receiver between low-pass filter 56  picture fields.  The receiver decoding
sys- and image reproducer 49.  System 72 further  tem 72, on the other
hand, selectively delays includes a pair of decoders 74 and 75 which
preselected portions of each of the luminance are incorporated in the
chrominance channel  and color difference signals by an equal time 25 of
the receiver, decoder 74 being coupled  interval in order to reconstruct
color differ- 90 between low-pass filter 45 and image repro-  ence and
luminance signals in which all por- ducer 49 and decoder 75 being similarly
inter-  tions of the signals have a constant time rela- posed between
filter 46 and reproducer 49. tionship. Furthermore,  the   coupling
connections    If the embodiment illustrated in Figures 5 30 between
filters 45 and 46 and mixer-inverter  and 6 is operated in the manner
described 95 51 are made through decoders 74 and 75. As  immediately above,
the net effect on an before, an encoding control apparatus 60 is
unauthorised receiver is approximately the included in the receiver and is
coupled to  same as the coding effects described in rela- decoders 73-75.
tion to the apparatus of Figures 1-4, due to 35   The structure and
operation of the basic  the fact that the luminance and color differ- 100
color television circuits of the apparatus of ence signals are coded and
decoded in identi- Figures 5 and 6 are essentially similar to the  cal
manner.  However, the system of Figures corresponding units in Figures 1-4;
conse-  5 and 6 offers considerably greater flexibility quently, a detailed
description of the operation  with respect to encoding procedures, so that
40 of those units need not be repeated here.  It much greater security for
the subscription 105 should be noted that the principal modification
system may be obtained.   For example, a made in the system of Figures 5
and 6, as  further operational mode L may be employed compared to the
previously described embodi-  in which coders 69 and 70 of transmitter cod-
ments, comprises the incorporation of coding  ing system 71 delay selected
portions of the 45 and decoding apparatus in  the separated  color
difference signals but in which coder 68 110 chrominance and luminance
channels of the  translates the luminance signal from analyzer transmitter
and receiver so that the color  10 to mixing device 25 without delay;
during difference and luminance signals, instead of mode L  operation,
decoder 73 delays the the color picture signal, are coded at the trans-
luminance signal applied to image reproducer 50 mitter and decoded at the
receiver.        49, whereas the remainder of decoding system 115 In order
to simplify and clarify the explana-  72 is conditioned to translate the
color differ- tion of the operation of the system compris- ence signals to
image reproducer 49 without ing the apparatus of Figures 5 and 6, it will
substantial delay.  A further alternative oper- be assumed that coders
68-70 and decoders  ational procedure, which may be designated 55 73-75
each comprise a pair of alternative  as mode M, may be effected by
utilizing coder 120 signal translating channels, one of the trans-  68 to
delay the monochrome signal in the lation channels in each encoder being
adapted  transmitter of Figure 5 while translating the to impart a
predetermined coding or decoding  color difference signals from analyzer 10
to time-delay interval to a translated signal. For  modulators 22 and 23
through coding system 60 the simplest type of encoding with this appar-  71
without substantial modification.   For 125 atus, coders 68-70 delay the
luminance and  mode M  operation, receiver decoding system color difference
signals developed in image  72 selectively delays the color difference sig-
analyzer 10, during a first operating mode J, nals supplied by demodulators
40 and 41 by a fixed coding interval; in the receiver of  through filters
45 and 46 by a time interval 65 Figure 6, during mode J, the color
difference  equal to that employed at the transmitter in 130    766,619
11 coding the luminance information.   Even if  encoding, they do not
result in color contamin- the units comprising coding system  71 and  ation
in the reproduced image, since each decoding system 72 have only two basic
oper-  embodiment of the invention includes specific ating conditions, it
is possible to obtain a  means for maintaining or re-establishing the 5
considerably larger number of encoding and  necessary phase relationship
between the color 70 decoding conditions, as evidenced  by the  subcarrier
and the color carrier signal.  In above-noted operational modes J, K, L,
and  addition the systems of the invention permit M.   Furthermore, this
type of encoding is  utilization  of any desired  type of coding much more
effective from  a security stand-  schedule without disturbing the color
values 10 point, inasmuch as the color values of a pic-  in the reproduced
image.   On the other 75 ture developed by an unauthorized receiver  hand,
the encoding systems of the invention are made to vary in a complex and
confusing  provide for greater security with respect to 



manner and, in modes L and M, the color  unauthorized  interception of a
subscription images are reproduced in positions which are  color telecast
by  introducing  intermittent 15 displaced from their corresponding
luminance  color contamination, displaced color images 80 images on  the
screen  of reproducer 49.  (color "ghosts ") and other effects into images
Because all time delays are effected prior to  reproduced by ordinary color
receivers. modulation  of the color difference  signals    While particular
embodiments of the pre- with the color subcarrier or subsequent to  sent
invention have been shown and described, 20 their demodulation in the
receiver, encoding  it is apparent that changes and modifications 85
systems 71 and 72 do not alter the phase rela-  may be made without
departing from  the tionship between the color subcarrier and the
invention in its broader aspects.  The aim of color carrier signal included
in the color pic-  the appended claims, therefore, is to cover all ture
signal; consequently, no color ambiguities  such changes and modifications
as fall within 25 are introduced and there are no stringent  the scope of
the invention.                   90 requirements with respect to the
time-delay    What we claim is:- interval utilized  for coding.   Although
a    1. A subscription color television receiver greater number of coding
and decoding units  for utilizing a coded composite color signal are
employed, decoders 74 and 75 and coders  comprising a scanning control
signal and, as 30 69 and 70 are required to translate only the  other
constituent signals, a luminance signal, 95 color difference signals,
which, in the NTSC   a carrier color signal including a plurality of
system, are essentially low-definition signals  color difference signals,
and a color subcarrier requiring a bandwidth of only approximately  control
signal, said  composite color signal one  megacycle. This  reduced
bandwidth  having been coded by delaying predetermined 35 requirement
makes  it  possible  to  use  portions of one or more of said other consti-
100 considerably  less  expensive  delay  devices  tuent signals, with
respect to other portions for  the   added   coding   and   decod-
thereof, by a preselected coding interval in ing devices and serves to
minimize the attend-  accordance  with  a  predetermined  coding ant cost
increase.  It will be understood, of  schedule, said receiver comprising:
receiving 40 course, that decoding system 72 may include  circuits for
deriving said constituent signals 105 a decoder interposed between
mixer-inverter  from said coded composite color picture sig- 51 and image
reproducer 49 if it is desired to  nal; a color demodulating system,
coupled to couple the mixer-inverter directly to low-pass  said receiving
circuits, for demodulating said filters 45 and 46.
carrier color signal to develop a plurality of 45   In each of the systems
described above, it is  color difference signals; an image reproducer, 110
necessary to provide some means for making  coupled to said receiving
circuits and to said available at subscriber receivers the coding
demodulating system, for utilizing said scan- schedule developed in
encoding apparatus 32  ning control signal, said luminance signal, and of
each of the transmitters (Figures 1, 3 and  said demodulated color
difference signals to 50 5) to encoding control apparatus 60 of the
reproduce an image in color; and a decoding 115 receivers (Figures 2, 4 and
6.) A  wide  system for effectively delaying portions of one variety of
means for accomplishing this result  or more of said other constituent
signals of are described in the prior art subscription tele-  said coded
composite color signal or of said vision systems, including separate
telephone  demodulated color difference signals with res- 55 links,
punched-card  coding  schedules, and  pect to other portions thereof by a
time inter- 120 means for transmitting a coded decoding sig-  val equal to
said coding interval to permit nal in conjunction with the composite tele-
reproduction of said image without distortion, vision signal.  Inasmuch as
virtually any of  said decoding system  being constructed and the known
decoding information distribution  arranged to maintain or provide the
requisite 60 arrangements may be employed in the color  precise phase
relationship between said color  125 subscription television system of the
invention,  subcarrier and said carrier color signal to pre- no encoding
information link has been illus-  vent color distortion in said image.
trated.                                        2. A subscription color
television receiver Although the subscription color television  according
to Claim 1, including a color refer- 65 systems disclosed herein all
utilize time-delay  ence signal generator, coupled between said 130
766,619                                         11 coding the luminance
information.   Even if  encoding, they do not result in color contamin- the
units comprising coding system  71 and  ation in  the reproduced image,
since each decoding system 72 have only two basic oper-  embodiment of the
invention includes specific ating conditions, it is possible to obtain  a
means for maintaining or re-establishing the 5 considerably larger number
of encoding and  necessary phase relationship between the color 70 decoding
conditions, as evidenced  by  the  subcarrier and the color carrier signal.
In above-noted operational modes J, K, L, and  addition the systems of the
invention permit M.   Furthermore, this type of encoding is  utilization
of any desired  type of coding much more effective from  a security stand-
schedule without disturbing the color values 10 point, inasmuch as the
color values of a pic-  in the reproduced image.   On the other 75 ture
developed by an unauthorized receiver  hand, the encoding systems of the
invention are made to vary in a complex and confusing  provide for greater
security with respect to 



manner and, in modes L and M, the color  unauthorized  interception of a
subscription images are reproduced in positions which are  color telecast
by  introducing  intermittent -    15 displaced from their corresponding
luminance  color contamination, displaced color images   80 images on  the
screen  of reproducer 49.  (color " ghosts ") and other effects into images
Because all time delays are effected prior to  reproduced by ordinary color
receivers. modulation  of the  color difference  signals    While
particular embodiments of the pre- with the color subcarrier or subsequent
to  sent invention have been shown and described, 20 their demodulation in
the receiver, encoding  it is apparent that changes and modifications 85
systems 71 and 72 do not alter the phase rela-  may be made without
departing from  the tionship between the color subcarrier and the
invention in its broader aspects.  The aim of color carrier signal included
in the color pic-  the appended claims, therefore, is to cover all ture
signal; consequently, no color ambiguities  such changes and modifications
as fall within 25 are introduced and there are no stringent  the scope of
the invention.                    90 requirements with respect to the
time-delay    What we claim is: - interval utilized  for coding.   Although
a    1. A subscription color television receiver greater number of coding
and decoding units  for utilizing a coded composite color signal are
employed, decoders 74 and 75 and coders  comprising a scanning control
signal and, as 30 69 and 70 are required to translate only the  other
constituent signals, a luminance signal, 95 color difference signals,
which, in the NTSC   a carrier color signal including a plurality of
system, are essentially low-definition signals  color difference signals,
and a color subcarrier requiring a bandwidth of only approximately  control
signal, said  composite color signal one  megacycle. This  reduced
bandwidth  having been coded by delaying predetermined 35 requirement
makes  it  possible  to  use  portions of one or more of said other consti-
100 considerably  less  expensive  delay  devices  tuent signals, with
respect to other portions for  the   added   coding   and   decod-
thereof, by a preselected coding interval in ing devices and serves to
minimize the attend-  accordance  with  a  predetermined  coding ant cost
increase.  It will be understood, of  schedule, said receiver comprising:
receiving 40 course, that decoding system 72 may include  circuits for
deriving said constituent signals 105 a decoder interposed between
mixer-inverter  from said coded composite color picture sig- 51 and image
reproducer 49 if it is desired to  nal; a color demodulating system,
coupled to couple the mixer-inverter directly to low-pass  said receiving
circuits, for demodulating said filters 45 and 46.
carrier color signal to develop a plurality of 45   In each of the systems
described above, it is  color difference signals; an image reproducer, 110
necessary to provide some means for making  coupled to said receiving
circuits and to said available at subscriber receivers the coding
demodulating system, for utilizing said scan- schedule developed in
encoding apparatus 32  ning control signal, said luminance signal, and of
each of the transmitters (Figures 1, 3 and  said demodulated color
difference signals to 50 5) to encoding control apparatus 60 of the
reproduce an image in color; and a decoding 115 receivers (Figures 2, 4
and  6.) A  wide  system for effectively delaying portions of one variety
of means for accomplishing this result  or more of said other constituent
signals of are described in the prior art subscription tele-  said coded
composite color signal or of said vision systems, including separate
telephone  demodulated color difference signals with res- 55 links,
punched-card  coding  schedules, and  pect to other portions thereof by a
time inter- 120 means for transmitting a coded decoding sig-  val equal to
said coding interval to permit nal in conjunction with the composite tele-
reproduction of said image without distortion, vision signal.  Inasmuch as
virtually any of  said decoding system  being constructed and the known
decoding information distribution  arranged to maintain or provide the
requisite 60 arrangements may be employed in the color  precise phase
relationship between said color 125 subscription television system of the
invention,  subcarrier and said carrier color signal to pre- no encoding
information link has been illus-  vent color distortion in said image.
trated.                                        2. A subscription color
television receiver Although the subscription color television  according
to Claim 1, including a color refer- 65 systems disclosed herein all
utilize time-delay  ence signal generator, coupled between said 130    12
766,619 receiving circuits and said color demodulating  tions of at least
one of said constituent signals system, for utilizing said color subcarrier
con-  other than said scanning control signal with 65 trol signal to
regulate the phase and frequency  respect to other portions thereof, in
accord- of the signal generated  thereby  which  is  ance with a
predetermined coding schedule, by 5 supplied to said color demodulating
system and   a preselected time-delay interval, said coding used in
demodulating said carrier color signal.  apparatus being constructed and
arranged to 3. A  subscription color television receiver  maintain a
predetermined fixed phase relation- 70 according to  Claim  1 or 2, in
which  said  ship between said carrier color signal and said decoding time
interval is equal to an integral  color subcarrier. 10 number of cycles at
the frequency of said         10. A  subscription color television trans-
color subcarrier.                              mitter according to Claim
9, in which said 4. A  subscription color television receiver  preselected
portions of said constituent signals 75 



according to Claim  2, wherein the decoding  comprise spaced time portions.
system  includes a phase correction  device,    11. A  subscription color
television trans- 15 coupled to said color reference generator, for  mitter
according to Claim 9 or 10, comprising continuously modifying said color
reference  means for combining  said  luminance  and signal to establish a
predetermined phase rela-  carrier signals to form a color picture signal,
80 tionship between said color reference signal  the coding apparatus for
said transmitter being and said carrier color signal.
coupled to said combining means and being 20   5. A  subscription color
television receiver  employed to delay preselected portions of said
according to Claim 1 or 2, wherein the        color picture signal. system
of said receiver comprises a single      12. A  subscription color
television  trans- 85 decoder for simultaneously delaying selected  mitter
according to Claim  9, 10 or 11, in portions of all of said other
constituent signals.  which said time delay interval for coding is 25   6.
A  subscription color television receiver  equal to an integral number of
cycles at the according to  Claim  1 or 2, in which  said  frequency of
said color subcarrier. decoding system  affects only said luminance
13. A  subscription color television  trans- 90 signal.
mitter according to Claim 9, 10 or 11, includ- 7. A  subscription color
television receiver  ing a phase correction device for continuously 30
according to  Claim  1 or 2, in which  said  delaying said color subcarrier
control signal decoding  system  comprises a plurality  of  by an interval
equal to said preselected coding decoding devices for separately decoding
said  time delay interval.                          95 luminance and
demodulated color difference        14. A  subscription color television
trans- signals.                                       mitter according to
Claim 9 or 10 including 35   8. A  subscription color television receiver
means for combining  said luminance, said according to Claim  1 or 2, in
which  said  carrier color signal, and said color subcarrier decoding
system  affects only said demodu-  control signal to form  an intermediate
color 100 lated color difference signals..                picture signal,
said coding apparatus being 9. A  subscription  color television  trans-
coupled to said combining means for delaying 40 mitter  comprising: an
image analyzer for  preselected portions of said intermediate color
scanning an image at a predetermined scan-  picture signal. ning repetition
frequency to derive a lumin-      15. A  subscription color television
trans- 105 ance signal and a plurality of color difference  mitter
according to Claim  9 or 10 in which signals;  a  color  reference
generator  for  said coding apparatus affects only said lumin- 45
developing a color subcarrier having a pre-  ance signal. determined
frequency; a modulating system,    16. A  subscription color television
trans- coupled to said image analyzer and to said  mitter according to
Claim  9 or 10 in which 110 color reference generator, for modulating said
said coding apparatus affects only said color color difference  signals in
predetermined   difference signals. 50 phase relationship with the color
subcarrier      17. A  subscription color television  trans- to develop a
carrier color signal; a scanning  mitter according to Claims 9 or 10 in
which control system, coupled to said image analyzer,  said  coding
apparatus comprises  separate 115 for generating a scanning control signal
includ-  coders for coding said luminance signal and ing information
representative of said scan-  said color difference signals. 55 ning
repetition frequency; means coupled to    18. Subscription color television
apparatus, said scanning  control system, to said  color  constructed and
adapted to operate substan- reference generator, to said image analyzer,
tially  as  herein  described  with  reference 120 and to said modulating
system, for combining  to Figures 1 and 2 or 3 and 4 or 5 and 6 of said
scanning  control signal, a color  sub-  the accompanying drawings. 60
carrier control signal, said luminance signal        STEVENS, LANGNER,
PARRY & and said  carrier color signal as constituent
ROLLINSON, signals to form a composite color signal; and
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