OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA t‘.

OPIC CIPO

PROPERTY OFFICE

(72) S1zer, Theodore, II, US
(73) AT&T CORP., US

51) Int.C1.° HO4N 7/08, HO4N 5/445
30) 1996/01/25 (599,500) US

(12) (19) (CA) Brevet-Patent

(CANADIAN INTELLECTUAL

(11) (21) (C) 2,195,037
22y 1997/01/14
43) 1997/07/26
45y 2001/03/20

54) SYSTEME ET METHODE DE CODAGE DE L’ INFORMATION
NUMERIQUE DANS UN SIGNAL DE TELEVISION

54) SYSTEM AND METHOD FOR ENCODING DIGITAL
INFORMATION IN A TELEVISION SIGNAL

101 |
[ oiemAL
DATA' SOURCE
I—
L T L
VIDEO
SYNCHRONIZER
& 10
107
VIDEO
 SOURCE
DISPLAY
108
110

(57) L’ information numerique est codee dans la partie
video du signal de t€lévision de sorte que « n » ( n ¢tant
un nombre entier) bits de 1’ information numeérique soient
portés par chaque 1mage successive d'un groupe
d’images. L’ mformation numeérique est codée en
modulant le signal porteur, en utilisant, par exemple, la
modulation par modification amplitude (MDA) ou la
modulation par déplacement de fréquence (MDL), et la
porteuse module¢e est alors ajoutee au signal video de
facon s¢€lective, seulement dans les parties de 1’émission
de telévision qui a) ne sont pas susceptibles d’etre
percues par le telespectateur, et b) sont d’une intensite

I*I Industrie Canada  Industry Canada

TRANSMITTER

CDEVICE | X
—Tl 114

(57) Dagital information 1s encoded 1n the video portion
of a television signal such that "n" (n 1s an integer) bits of

the digital information are carried by each successive

frame 1 a group of frames. The digital information 1s
encoded by modulating a carrier signal, using, for
example, either amplitude shift keying (ASK) or
frequency shift keying (I'SK), and the modulated carrier
1s then added to the video signal selectively, only 1n
portions of the television program that (a) are not likely
to be perceptible by a viewer, and (b) are of sufficient
intensity to transmit the data. The video signal including
the encoded digital data, may be transmaitted, 1n real time,
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suffisante pour transmettre les données. Le signal vidéeo
incluant les donn€es numeriques codees peut étre
transmis, en temps reel, a un teléviseur, ou enregistre en
vue d’une lecture ultérieure. Dans un cas comme dans
|”autre, lorsque le signal vidé€o renfermant 1" information
codee est affiche a I'écran d’un teléviseur, I'1image est
captee ou « vue » par un photodetecteur, dont le signal de
sortie est applique a filtre passe-bande ayant une
fréquence centrale qui correspond a la fréquence ou aux
frequences de 1’oscillateur du codeur. Le signal de sortie
du filtre est €base¢ ou déemodule€ en FM, de sorte que le
televiseur peut récuperer les donnéees codees. En ajoutant
des bits de contrdle et des schémas de synchronisation
appropries, 1l est possible de synchroniser le train de bits
a la sortie du décodeur et de recupérer les donnees codees
originales.  Avantageusement, la fréquence de
[’oscillateur dans le codeur MDA ou MDF est choisie de
facon a ce que 1'énergie ajoutée au signal video est dans
une portion du spectre de fréquences qui, autrement, ne
contient que peu d’¢nergie. Cela rend les donneces
numeriques  ajoutées  indiscernables  par  un
telespectateur. S1 on le désire, les mémes donnees
peuvent €tre codees de maniere reépetitive en plusieurs
oroupes d 1mages, de manicre a accroitre la redondance
et, de ce fait, la fiabilite du systeme dans son ensemble.
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to a television receiver, or recorded for later playback. In
either event, at a receiver, when the video signal
containing the encoded imformation 1s displayed on a
screen, the image 1s sensed or "viewed" by a photo
detector, the output of which 1s applied to a band pass
filter having a center frequency that corresponds to the
oscillator frequency(s) in the encoder. The filter output 1s
thresholded or FM detected, so that the receiver can
recover the encoded data. By appropriately including
checks bits and synchronization patterns, the bit stream
output from the decoder can be synchronized, and the
original encoded data recovered. Advantageously, the
frequency of the oscillator in the ASK or FF'SK encoder 1s
chosen so that the energy added to the video signal 1s 1n
a portion of the frequency spectrum that otherwise
contains little energy. This makes the added digital data
imperceptible to a viewer. If desired, the same data may
be repetitively encoded 1n several groups of frames, so as
to increase the redundancy and thus the reliability of the
overall system.
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Abstract of the Disclosure

Digital information is encoded in the video portion of a television
signal such that "n" (n is an integer) bits of the digital information are carried by each
successive frame in a group of frames. The digital information is encoded by
modulating a carrier signal, using, for example, either amplitude shift keying (ASK)
or frequency shift keying (FSK), and the modulated carrier is then added to the video
signal selectively, only in portions of the television program that (a) are not likely to
be perceptible by a viewer, and (b) are of sufficient intensity to transmit the data.
The video signal including the encoded digital data, may be transmitted, 1n real time,
to a television receiver, or recorded for later playback. In either event, at a receiver,
when the video signal containing the encoded information is displayed on a screen,
the image is sensed or "viewed" by a photo detector, the output of which is applied to
a band pass filter having a center frequency that corresponds to the oscillator
frequency(s) in the encoder. The filter output is thresholded or FM detected, so that
the receiver can recover the encoded data. By appropriately including checks bits
and synchronization patterns, the bit stream output from the decoder can be
synchronized, and the original encoded data recovered. Advantageously, the
frequency of the oscillator in the ASK or FSK encoder is chosen so that the energy
added to the video signal is in a portion of the frequency spectrum that otherwise
contains little energy. This makes the added digital data imperceptible to a viewer.
If desired, the same data may be repetitively encoded in several groups of frames, so
as to increase the redundancy and thus the reliability of the overall system.
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System and Method for Encoding Digital Information in a Television Signal

Field of the Invention

This invention relates to a system and method for encoding digital
information in a television signal , and, more particularly, to encoding 1n a manner
such that encoded information is generally imperceptible in the television display yet
the encoded information can be retrieved and decoded by a receiver that simply
"watches" or '"looks at'' the television display.

Background of the Invention

In Patent 4,807,031 issued to Broughton et al. on February 21, 1939,
subliminal encoding of digital information in a television signal is described. Like
the present invention, in the patentee's arrangement, the encoded information can
then be recovered in a receiver that 1s not Connected to the television on which the
television signal is displayed, but rather that "sees" the television image and captures
the information. Once captured, the information is later be used ‘to control the
activities of a device that is part of and attached to the receiver, such as a toy.

The Broughton arrangement has several difficulties. As an example,
subliminal encoding is accomplished by selectively increasing the intensity of one of
each pair of adjacent scan lines in each frame of the video image. For example, if, In
one frame, adjacent scan lines are of unequal inten‘sity, this may signify an encoded
"1" while if the adjacent scan lines have the same intensity, this may signify a "0".
The problem with this approach is that the encoded information causes changes in the
frequency domain representation of the video portion of the television signal, which
occur at one-half of the line rate. Since there is a strong signal present at this
frequency even without data present, this makes the encoded information difficult to
capture in the receiver.

Summary of the Invention

The present invention avoids the aforementioned problems by
encoding digital information in the video portion of a television signal such that "n"
(n1s an integer) bits of the digital information are carried by each successive frame In
a group of frames. The digital information is encoded by modulating a carrier signal
or tone, using, for example, amplitude shift keying (ASK) or frequency shift keying
(FSK), and the modulated carrier is then added to the video signal selectively, only 1n
portions of the television program that (a) are not likely to be perceptible by a viewer,

and (b) are of sufficient intensity to transmit the data.
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In accordance with one aspect of the present invention there is provided a system for
communicating digital information in a video signal that is transmitted by a transmitter
and received by a video display unit to be displayed in a video picture, said video
signal having a spectrum associated therewith, the system comprising: an encoder
arranged to add a carrier signal modulated by digital information to said video signal
prior to transmission by said transmitter, said modulated carrier signal having a
frequency in a portion of the video signal spectrum having minimal energy; and a
receiver arranged to optically sense said video signal from said picture, and to recover
said encoded digital information in said video signal.

In accordance with another aspect of the present invention there is
provided an encoder arranged to encode n bits of digital information in each successive
frame of a video signal, said video signal having a spectrum associated therewith,
comprising: a buffer for storing said digital information; means for obtaining a
synchronization signal synchronized with the frame rate of said video signal; means
responsive to said synchronization signal for generating a modulated carrier signal
during each frame interval, said modulated carrier signal set at a frequency in a portion
of the video signal spectrum having minimal energy, said modulated carrier being
formed by controlling the output of an oscillator in accordance with the value of the
next n bits from said buffer; and means for combining said modulated carrier signal
with said video signal.

In accordance with yet another aspect of the present invention there is
provided a receiver arranged to recover n bits of encoded digital information included
in each successive frame of a video signal, said video signal having a spectrum
associated therewith, comprising: a photo detector responsive to a picture generated in
a video display by said video signal; means for amplifying the output of said photo
detector; means for filtering the output of said amplifying means to isolate a
component at a particular frequency, said frequency set in a portion of the video signal
spectrum having minimal energy; and means for applying the output of said filtering
means to a decoder to recover said encoded digital information.

In accordance with still yet another aspect of the present invention there
1s provided a receiver arranged to recover n bits of encoded digital information
included 1n each successive frame of a video signal, said video signal having a
spectrum associated therewith, comprising: a photo detector responsive to a picture

generated in a video display by said video signal; means for amplifying the output of
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said photo detector; means for filtering the output of said amplifying means to isolate a
component at a particular frequency, said frequency set in a portion of the video signal
spectrum having minimal energy; and means for applying the output of said filtering
means to a decoder to recover said encoded digital information.

In accordance with still yet another aspect of the present invention there
1s provided a system for communicating digital data from a transmitter to a receiver
via a video signal, said video signal having a spectrum associated therewith, said
system comprising: means for encoding said digital data in a signal including a
component at a carrier frequency selected so that said digital data is not likely to be
perceptible to a viewer of said video signal, said frequency being in a portion of
spectrum that contains minimal energy; means for combining the output of said
encoding means with said video signal only when selected portions of said video
signal occur, means for displaying the output of said combining means on a video
display; means for capturing the video image displayed on said video display; and
means responsive to said capturing means for recovering said encoded digital data.

In accordance with still yet another aspect of the present invention there
1s provided a method for encoding digital information in the video portion of a
television signal such that “n” (n is an integer) bits of the digital information are
carried by each successive frame in a group of frames, said television signal having a
spectrum associated therewith, comprising the steps of: encoding said digital
information using either amplitude shift keying (ASK) or frequency shift keying
(FSK); and selectively adding said encoded digital information to said video signal,
only 1n one or more portions of the spectrum each containing relatively little video
signal energy; wherein said encoding step includes the steps of: storing digital
information to be encoded in a buffer, reading out “n” bits of stored data from the
butfer during each frame interval, in synchronization with the video signal frame rate,
and using the output from said buffer to control the state of an ASK or FSK encoder.

In accordance with still yet another aspect of the present invention there
1s provided a method of encoding digital data in an input video signal, the input video
signal having a spectrum associated therewith, the method comprising: generating a
carrier signal modulated by said digital data, said modulated carrier signal being at a
frequency 1n that portion of said spectrum at which there is minimal energy; and
combining said input video signal with said carrier signal to form an output video

signal with encoded digital data.
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In a first embodiment using ASK encoding, digital information to be
encoded is stored in a buffer. "n" bits of stored data are read out from the buffer
during each frame interval, in synchronization with the video signal frame rate, and
control the state of an ASK encoder. The output of the encoder, which 1s an ASK
signal representing the digital information, is combined with the intensity or
luminance component of the video signal in a mixer. Advantageously, the frequency
of the oscillator in the ASK encoder is chosen so that the energy added to the video
signal is in a portion of the frequency spectrum that otherwise contains little energy.
This makes the added digital information imperceptible to a viewer. After all
information in the buffer has been read out and encoded within one group of frames,
the encoding process for the information or message may be repeated using one or
more additional groups of frames, so as to increase the redundancy and thus the
reliability of the overall system. This is especially useful where the digital
information is closely associated with the content of the video signal program, such
as being ordering information for products or service being advertised in a television
commercial.

The video display created by combining "n" bits of ASK encoded
information in one frame interval of a video signal, although imperceptible to an
ordinary viewer, can be characterized as creating corresponding horizontal stripes or
"sortions" in each frame. The state of each of the "n" bits “adjusts" the amplitude of
the video signal in a respective one of the stripes or portions in a way that can later be
detected, so that the original data can be recovered.

The video signal including the ASK encoded digital data, may be
transmitted, in real time, to a television receiver, or recorded, such as by using a
video cassette recorder, for later playback. In either event, at a receiver or television,
when the video signal containing the encoded information is displayed on a screen,
the image is "viewed" or sensed by a photo detector, the output of which is applied to
a band pass filter having a center frequency that is the same as the oscillator
frequency. The filter output is thresholded, so that the receiver can discriminate, in
each portion of each frame, whether or not a component at the oscillator frequency
was added to the video signal. By appropriately including checks bits and
synchronization patterns, the bit stream output from the thresholder can be
synchronized, and the original encoded data recovered.

In the FSK embodiment of the present invention, ''n" bits of data are
encoded in each frame interval, in an FSK encoder, which generates first or second
different frequencies, depending upon whether the data is a 1 or a 0. At the

appropriate time, the output of the FSK encoder is added to the video signal, so that
2
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the result is again imperceptible to a viewer. At the receiver, an FM detector is used
instead of thresholding in order to recover the encoded data.

3rief Description of the Drawing

The present invention will be more fully appreciated by consideration
of the following detailed description, which should be read in light of the
accompanying drawing in which :

Fig. 1 is a block diagram of an encoder arranged in accordance with
the principles of the present invention, to add ASK encoded data to a video signal;

Fig. 2 is a diagram illustrating the wave form of the video signal, in
the time domain, with one bit of ASK encoded information added to a series of
successive frames of the video signal;

Fig. 3 is a diagram similar to Fig. 2, but illustrating the wave form
when n=2, so that two ASK encoded bits are added to each successive video frame;

Fig. 4 is a block diagram of a receiver/decoder arranged in accordance
with the principles of the pres’ent invention, to recover the ASK encoded data from
the video signal; and

Figs. 5, 6 and 7 are diagrams similar to Figs. 1, 3 and 4, respectively,
but showing the use of FSK encoding and decoding, rather than ASK.
Detailed Description |

Referring first to Fig. 1, there is shown a block diagram of an encoder
arranged in accordance with the 'principles of the present invention, to add ASK
encoded data to a video signal. The encoded data to be added to the video signal 1s
generated by a digital data source 101, which can be a computer or other device
which encodes text, numerical information, or other information as a digital bit
stream in such a manner that the intelligence can be recovered in a decoder to which
the same bit stream is applied. The output from data source 101 is applied to the data
input 102 of a first-in, first-out buffer 103, which is part of an ASK encoder 106, and
held in buffer 103 until a clock signal is applied to the buffer on line 104. In this
embodiment, it is assumed that one bit of ASK encoded data is added to each
successive frame of a video signal. It is to be understood, however, that as explained

below, n bits of information can be added to each frame with a small modification to

the arrangement of Fig. 1.

A video source 107 generates the video signal to which the ASK
encoded data is to be added. To assure that the ASK signal is superimposed at an
opportune time with respect to the content of the video program, such that the effect
of the added signal is minimally discernible, the output of video source 107 1s applied

to a video display device 108, which may be a standard television or monitor. At the
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opportune time, such as when the television program is of sufficient intensity to
transmit the data and when the scene does not contain any pattern that would generate
a frequency component that is close to, and thus could interfere with, the frequency
of the ASK signal to be added to the video signal, an enable signal is applied to one
input 117-of AND gate 105. The second input to gate 105 is derived from the output
of a video synchronizer 109, to which the video signal from video source 107 is also
applied.

Video synchronizer 109 is arranged to produce output pulses that are
synchronized with, and that occur in timed relation with, each frame of the video
signal output from video source 107.  As long as the enable signal on line 117 1S
high, these synchronization pulses (generally at 60 Hz) are passed through gate 105
and applied to the clock input of buffer 103 on line 104. This causes the information
in buffer 103 to be read out, one bit per frame and in synchronization with the frame,
and applied to the control input of a switch 111. Switch 111 may be a tlip-tlop or
other similar element, arranged to be closed when a "1" is output from butter 103 and
to be open when a "0" is output from butfer 103.

Oscillator 113 in ASK encoder 106 is arranged to generate a carrier
signal or tone at a predetermined frequency (such as 25kHz) that is generally
indiscernible when added to a video image, and apply its output to switch 111.  This
carrier signal is applied to switch 111, the state of which is controlled by the output
from buffer 103. In this way, the output of switch 111 is an ASK encoded version of
the digital information from data source 101. The ASK encoded signal output from
switch 111 is applied to one input of a mixer 115, the other input of which is obtained
from video source 107. Accordingly, the ASK signal is mixed with, or added to, the
video signal.

The result of the arrangement illustrated in Fig. 1 is that ASK encoded
data from source 101 is added, on a frame by frame basis, to the video signal from
video source 107. Synchronization is provided by synchronizer 109, so that the
ASK encoded data is added in the same portions of successive frames. The output of
mixer 115 may be displayed immediately, on a display device 110, which may be a

television, or stored in a video storage device 112 such as a video cassette recorder,

for later use, or applied to a transmitter 114 for broadcast to remote receivers.
Control is provided by the enable signal on line 117 so that the ASK encoded signal
is added to the video signal only in the appropriate portions of the video program.
Note here that the amplitude of the video signal corresponds to the luminance or

intensity component, while the phase of the video signal corresponds to the
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chrominance component. Accordingly, the present invention is desirably arranged to
modulate only the amplitude of the video signal.

The encoding process for particular digital information is completed
when all of the data in buffer 103 has been read out. If desired, the encoding process
for the same data may then be repeated, using an additional group or series of frames.
Repetition may be desirable in order to increase the redundancy and thus the
reliability of the overall system. Typically, digital information for a particular
message, which may correspond to an advertisement or television commercial, may
consist of several hundred bytes of information, containing a few thousand bits of
information. If n=5, and the frame rate is 60 frames per second, 2,000 bits could be
encoded in about 6 to 7 seconds of a video signal. The same message could
therefore be repeated about 5 times during the course of a 30 second commercial.

The time domain wave form of the luminance portion of the video
signal (i.e., with ASK encoded information added) is shown 1n kg. 2.
SynchroniZation pulses divide the signal into a series of successive frames, which are
characterized by vertical blanking intervals 201-204 which separate the information
bearing portions of each frame 205-208 . This diagram 18 greatly exaggerated for the
purpose of illustration, it being understood that luminance variation is what carries
much of the pictorial information conveyed by a video signal.

In the illustration of Fig. 2, it is assumed that the content of buffer 103
was the digital sequence 1-1-0-1. Accordingly, when the enable signal on line 117
goes high, the same sequence, 1-1-0-1 is read out of buffer 103, one bit at a time, at
the frame rate. During frame 205, the output of ASK encoder 106 1s high, since the
output of oscillator 113 may pass through switch 111 when the control input of that
switch is high. Accordingly, the luminance signal, during that frame interval, is
combined with a tone, as 'indicatéd by the "oscillations" indicated at 210. Likewise,
in frame 206. the second bit is also a "1", and a high ASK encoder output is again
combined with the luminance signal. Next, in frame 207, the third bit is a "0". In
this case, switch 111 is open due to the low control applied from buffer 103. During
this frame interval, the output of ASK encoder 106 is low, and therefore luminance
signal is unchanged from its original state (as generated in video source 107) and
appears relatively flat in Fig. 2 as indicated at 212. Finally, in frame 213, another "1"
bit is represented in the same manner as in frames 205 and 206.

In order to ASK encode multiple (i.e. an integer "n") bits in each of
several successive frame intervals, the arrangement of Fig. 1 may be modified by
applying the output of AND gate 105 to a timing circuit arranged to produce "n”

clock pulses during each frame interval. This may be accomplished using a simple
5
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counter which outputs a string of "n" timing pulses each time a single input pulse is
applied to the counter. With this arrangement, n bits are read out from buffer 103
during each frame interval, and the output of ASK encoder 106 is a multi-bit ASK
encoded signal, which is added to each frame of the video signal. This result, for an
arrangement in which n=2, is illustrated in Fig. 3, which like Fig. 2, represents the
time domain wave form of the luminance portion of the video signal output from
mixer 115. In this example, digital sequence of 0-1-1-0-0-0-1-1 is illustrated. In the
first frame 305, the amplitude of the video signal during the first 1/2 of the frame
interval is not changed, since the output of ASK encoder 106 is low during that time.
The amplitude of the video signal during the second half of the frame interval
includes a component at the frequency of oscillator 113, since the output of encoder
106 is high at that time. This sequence therefore corresponds to the first two bits, 0-
1, of the digital information being encoded. In the next frame 306, the video signal
in the first half of the frame interval includes a component at the frequency of
oscillator 113, while the video signal in the second half of the frame interval does
not, corresponding to the next two bits, 1-0. The remainder of the figure follows the
same pattern, and represents the remaining bits 0-0-1-1.

The foregoing description of an ASK encoder is meant to be
rudimentary, and illustrative only of the principles of the present invention. There
are numerous ways in which the desired ASK encoding may be obtained, as will be
appreciated by those skilled in the art. Furthermore, there are‘many changes that may
be made as a matter of design choice. For example, synchronizer 109 may be
synchronized on the beginning of each frame, or alternatively, on any other part of
each frame: this, in turn, could be used to control where, within each frame of the
video image, the digital data was inserted. Furthermore, the full width of each frame
of the video signal need not be used, as shown in Figs. 2 and 3. Rather, using Fig. 3
as an example, the digital data can be read out of buffer 103 in such a manner that,
for each frame, a guard band is provided, for example, in the first, last and middie
portions of each frame. If this were done, the first bit of digital data would be used
to modulate only the portion of the frame between the first and middle guard band,
and the second bit would be used to modulate only the portion of the frame between
the middle and final guard band. Pictorially, this arrangement would translate to
horizontal stripes in the video image which would contain the ASK encoded digital
data.

A video signal encoded using the encoder arrangement of Fig. 1 can
be transmitted via over the air broadcast using transmitter 114, cable TV facilities, or

by other means, and be displayed in real time on remote terminals, such as a
6



10

15

20

25

30

35

T. Sizer N3 £4

2195037

television or similar display device. Alternatively, the video signal may displayed on
a local display 110 or be recorded, such as by using a video cassette recorder (VCR)
or other video storage device 112, so that the video program may be displayed on a
time-delay basis. In either event, Fig. 4 is a block diagram of a receiver/decoder
arranged in accordance with the principles of the present invention, to recover the
ASK encoded data from the video signal generated by the encoder of Fig. 1, when the
video signal is displayed on a display device. Data recovery and decoding occurs by
simply sensing or "watching" the video display containing a picture to which digital
information has been added. This is done by "pointing" a photo detector 401 at a
video display screen to which the video output signal from the encoder of Fig. 1 has
been applied, so that light emanating from the display impinges upon the photo
detector for a sufficient period of time such that all of the group or sequence of
frames containing the encoded information are displayed.

The output signal generated by photo detector 401 is amplified in an
amplifier 403 and applied to a band pass filter 405 tuned to the frequency of
oscillator 113 in the encoder of Fig. 1. The output of band pass filter 405 is applied
to a threshold detector 407 that is adjusted to detect the difference in signal strength
between frames containing energy at the frequency of oscillator 113 and frames that
do not contain such energy. In one typical arrangement, amplifier 403 had a gain of
60 dB, filter 405 had a pass band of 1 kHz, and detector 407 was implemented using
a diode detector.

Figs. 5, 6 and 7 are diagrams similar to Figs. 1, 3 and 4, respectively,
but illustrate the use of an FSK encoder rather than an ASK encoder. For
convenience, the same reference designations have been included for components
performing similar functions, and only the differences from the previously described
figures will be discussed.

In Fig. 5, oscillator 513 in FSK encoder 506 is arranged to output first
or second different output frequencies f] and {7, depending upon the value, 1.e., "1"
or "0" of the digital data output from buffer 103. As betore, synchronization 18
obtained from synchronizer 109, and used to clock data from buffer 103. that 1s used
to control the output of oscillator 513. Switch 511 receives a control input from
AND gate 105, and therefore allows the output of oscillator 513 to pass to mixer 115
for combination with the video signal from video source 107, only when the output
from AND gate 105 is high. In this way, as shown in Fig. 6, the FSK signal output
from switch 511 is combined with the video signal such that during at least a portion
of each frame, a component at frequency fj or a component at frequency fr

(depending upon the digital data in the buffer) is added to the video signal. If
7
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multiple bits are to be encoded in each frame interval, FSK encoder 506 may be
arranged to generate an output with more than two frequencies. In the
receiver/decoder shown in Fig. 7, threshold detector 407 is replaced by an FM
receiver 707 that is arranged to discriminate between the two (or more) FSK
frequencies generated by oscillator 513 that were added to the video signal, thereby
recovering the digital data.

Persons skilled in the art will appreciate that various modifications and
adaptation of the present invention will be possible, and accordingly, the invention
should be limited only by the appended claims. For example, a phase shift keyed
(PSK) encoder could also be employed to incorporate digital information within the
video signal. In such an arrangement, a PSK decoder would be used 1n the

corresponding receiver.
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Claims:

I. A system for communicating digital information in a video signal
that 1s transmitted by a transmitter and received by a video display unit to be displayed
in a video picture, said video signal having a spectrum associated therewith, the system
comprising:

an encoder arranged to add a carrier signal modulated by digital
information to said video signal prior to transmission by said transmitter, said
modulated carrier signal having a frequency in a portion of the video signal spectrum
having minimal energy; and

a recerver arranged to optically sense said video signal from said

picture, and to recover said encoded digital information in said video signal.

2. The invention defined in claim 1 wherein said carrier signal is
modulated using amplitude shift keying (ASK), frequency shift keying (FSK), or phase
shift keying (PSK).

3. The invention defined in claim 1 wherein the frequency is selected
from the portion of the video signal spectrum having minimal energy such that said

digital information 1s beyond a perception threshold of a viewer of the picture.

4. An encoder arranged to encode n bits of digital information in each
successive frame of a video signal, said video signal having a spectrum associated
therewith, comprising:

a buffer for storing said digital information;

means for obtaining a synchronization signal synchronized with the
frame rate of said video signal;

means responsive to said synchronization signal for generating a
modulated carrier signal during each frame interval, said modulated carrier signal set
at a frequency 1n a portion of the video signal spectrum having minimal energy, said
modulated carrier being formed by controlling the output of an oscillator in accordance
with the value of the next n bits from said buffer; and

means for combining said modulated carrier signal with said video

signal.
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5. The invention defined in claim 4 wherein the frequency of said
oscillator is chosen so that the energy added to said video signal is in a portion of the
video signal spectrum having minimal energy so that, when said video signal 1s used to
generate a picture in a video display, digital information is beyond a perception

threshold of a viewer of the picture.

6. A receiver arranged to recover n bits of encoded digital information
included 1n each successive frame of a video signal, said video signal having a
spectrum associated therewith, comprising:

a photo detector responsive to a picture generated in a video display by
said video signal;

means for amplifying the output of said photo detector;

means for filtering the output of said amplifying means to isolate a
component at a particular frequency, said frequency set in a portion of the video signal
spectrum having minimal energy; and

means for applying the output of said filtering means to a decoder to

recover said encoded digital information.

7. A receiver, including:

a photo detector for viewing a television signal display displaying a
picture generated by encoded information mixed with a video signal, said video signal
having a spectrum associated therewith, said encoded information being represented
by at least one frequency component at a frequency which is not likely to be
perceptible to a viewer of said picture, said frequency set in a portion of the video
signal spectrum having minimal energy;

means including a band pass filter having a center frequency that is the
same as said frequency of said frequency component, for isolating said frequency
component from the output of said photo detector; and

thresholding means for recovering said encoded information from said

1solated frequency component.

3. A system for communicating digital data from a transmitter to a
receiver via a video signal, said video signal having a spectrum associated therewith,

said system comprising:

10
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means for encoding said digital data in a signal including a component
at a carrier frequency selected so that said digital data is not likely to be perceptible to
a viewer of said video signal, said frequency being in a portion of spectrum that
contains minimal energy;

means for combining the output of said encoding means with said video
signal only when selected portions of said video signal occur, means for displaying the
output of said combining means on a video display;

means for capturing the video image displayed on said video display:;
and

means responsive to said capturing means for recovering said encoded
digital data.

9. The mvention defined in claim 8 wherein said encoding means is
arranged to generate an amplitude shift keyed (ASK) signal, and said recovering

means includes a threshold detector.

10. The invention defined in claim 8 wherein said encoding means is
arranged to generate a frequency shift keyed (FSK) signal, and said recovering means

includes an FM receiver.

11. The invention defined in claim 8 wherein said encoding means is

arranged to generate a phase shift keyed (PSK) signal, and said recovering means
includes a PSK decoder.

12. The invention defined in claim 8 wherein said encoding means is

arranged to include check bits and synchronization patterns in said digital data.

13. A method for encoding digital information in the video portion of a
television signal such that “n” (n 1s an integer) bits of the digital information are
carried by each successive frame in a group of frames, said television signal having a
spectrum associated therewith, comprising the steps of:

encoding said digital information using either amplitude shift keying
(ASK) or frequency shift keying (FSK); and

selectively adding said encoded digital information to said video signal,
only in one or more portions of the spectrum each containing relatively little video

signal energy;

11
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wherein said encoding step includes the steps of?
storing digital information to be encoded in a buffer,
reading out “n” bits of stored data from the buffer during each
frame interval, in synchronization with the video signal frame rate, and
using the output from said buffer to control the state of an ASK

or FSK encoder.

14. The method defined in claim 13 further including transmitting said

video signal including said encoded digital data to a television receiver.

I5. The method defined in claim 13 further including storing said video

signal including said encoded digital data in a video storage device for later playback.

16. The method defined in claim 13 wherein after all data in said buffer
has been read out and encoded within one group of frames, the encoding process for

the same data is repeated using at least one additional group of frames.

17. The method defined in claim 14 further including the steps of
recovering said encoded digital data by:

displaying said video signal containing said encoded information on a
screen 1n the television receiver;

capturing the video image on said screen in a photo detector;

applying the output of said photo detector to a band pass filter having a
center frequency that corresponds to said oscillator frequency; and

processing the output of said filter to determine, for each portion of
each frame, whether or not a component at said oscillator frequency was added to said

video signal.

18. A method of encoding digital data in an input video signal, the
input video signal having a spectrum associated therewith, the method comprising:

generating a carrier signal modulated by said digital data, said
modulated carrier signal being at a frequency in that portion of said spectrum at which
there 1s minimal energy; and

combining said input video signal with said carrier signal to form an

output video signal with encoded digital data.

12
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